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Results
Firstly, the maps for climate-driven trends, reflecting the changes of the
gravitational field over 13 years over territory of Russia were obtained and
analyzed (Fig 1) . In Eastern Siberia, in the sources of the Yenisei and the
Lena, a positive anomaly associated with the permafrost degradation
[Landerer et al., 2010] was detected. The large negative trend at the Caspian
Sea (Fig 2) can be attributed to its level decrease.
Secondly, smoothed variations, annual components and trends of water
redistribution were averaged in the largest Russian river basins. Major
rivers from the European part of Russia show decreasing trends, while the
Siberian rivers show positive trends (mass increase) (fig.3). The letter
define the general increasing trend throughout Russia, and have important
influence on the Arctic region.
Such events as the heat wave in Volga basin in summer 2010, the Amur
flood in 2013 can be clearly observed in GRACE data. GRACE results
match hydrological models such as GLDAS or INMOM.
GRACE data is very useful for hydrological and climatological studies,
especially over large territory. We propose to create a GRACE data
processing center in Russia using a novel technique such as MSSA.


Introduction
Gravity Recovery and Climate Experiment (GRACE) twin satellites have been
observing the large-scale Earth’s mass transports since 2002. These transports
are related to natural hazards, hydrological and lithosphere processes, such as
sea level rise, ground water evolution, snow and ice ablation and accumulation,
etc. Climate change is increasing the frequency of extreme weather events,
floods and droughts [OECD, 2012]. For example, about 90% of disasters in
Asia are nowadays related to water [Saritas et al., 2014]. This makes the global
scientific community scrutinizing the climate change effects, and GRACE data
is involved as an important source of geophysical and hydrological
information, which helps to predict drafts and floods, can have agricultural
and water management applications.


Aims of the research
The research applied data from GRACE satellites for quantifying the
hydrologic and climate-induced mass variations for the 15 largest Russian river
basins over the last 13 years (2003-2015). The application of space gravimetry
allows studying the impact of climate change in form of long-term and
seasonal changes in water balance of river basins. It may also increase the
forecast accuracy of flood and drought events, agriculture productivity, and
behavior of the permafrost in certain regions of the country by tens of %.


Hydrological balance in the large Russian river basins from GRACE satellites


→ Fig 3. The GRACE
data for mass anomalies
averaged in particular
river basins of: the
European part of Russia
(top), Siberian part
(middle), the Russian
North and the Far East
(bottom). The solid line
is MSSA filtered sum
signal, the dotted line is
the trend. Equivalent
water height (EWH)
levels in cm.
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↑ Fig 1. Trend in mass changes since 2003 till 2015 from
GRACE over Eurasia.
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Methodology
The research introduced a new approach to process the data from GRACE –
Multi-channel Singular Spectrum Analysis (MSSA), eliminating the meridional
noises (or stripes), and separating the principal signal components. Despite
the mathematical complexity, MSSA is more flexible compared to other
methods of removing stripes. The data from GRACE Level 2 RL05 JPL data
was filtered by MSSA, only variations in the gravitation field associated with
climate and hydrological processes remained. The data was studied in the
region, constrained by the 15 major river basins of Russia, such as Ob,
Yenisei, Lena, Amur, Volga, Kolyma, Dnepr, Don, Khatanga, Indigirka, the
Northern Dvina, Pechora, Anadyr, Jan, Olenyok.


Fig 2. ↑ Average mass
changes in the Caspian Sea
region.
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Managed aquifer recharge (MAR) is a complex of  engineering 
activities designed to increase groundwater recharge and safe yield of  
an aquifer or water intake, as well as to improve the quality of  
produced water. When using MAR, additional water is constantly               


being delivered 
directly into an 
aquifer by applying 
infiltration devices,
or additional single
short-term
groundwater 
storages are
generated on 
an aquifer area. 


MAR using water injection well


MAR using infiltration basin


MAR helps to:


- increase water intake without radical reconstruction of  water intake 
facilities
- extend the operating life of  an aquifer
- prevent the intrusion of  saline and mineralized water into the 
exploited aquifer
- improve physical and sanitation characteristics of  water                    
- prevent the reduction of  biodiversity of  flora and fauna                        
- minimize the damage to agriculture and forestry


Managed aquifer recharge on the South of   
European Russia as a reduction method of  the 
local water scarcity


Map of  the zoning of  the South of  European Russia by MAR 
conditions 


The final decision on the appropriateness of  using MAR should be 
taken after technical and economic analysis of  the construction costs 
of  MAR systems on existing water intakes and the costs of  search 
and construction of  other water supply facilities, taking into 
consideration the cost of  water treatment systems.


Anna Chetverikova
Institute of  Water Problems of  RAS


+7 916 921 19 71
4etverikova.anna@gmail.com
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Round table 1. 
Management of water resources for agriculture in the Silk Road Economic Belt. 
The experience of China and BRICS countries 


September 29, 2016
16.30–18.00


Room 508


1. Economic Belt of the Silk Road as an instrument for reorganizing the division of labour in the
context of the Eurasian macro-region
Oleg Grigoriev (Research Center “Neoconomics”, Russia)


2. Cooperation between the Far-Eastern regions of Russia and the North-Eastern provinces
of China in the context of the implementation of the “Silk Road Economic Belt” program
Andrey Ostrovsky (RAS Institute of Far Eastern Studies, Russia)


3. New land grain bridge between Russia and China. Importance for the development
of Siberian Federal District, current status and perspectives
Alexey Butylsky (Government of the Transbaikal region – Representative office of the Transbaikal region
in the Government of the Russian Federation, Russia)


4. Integrated water management projects aimed at regional development facilitation: cases
Timur Valitov (Moscow Pedagogical University, Scientific Research Institute – Federal Research Centre for
Projects Evaluation and Consulting Services, Russia)


5. Integrated water management projects aimed at the development of advanced technological
solutions and prospects of their application
Yury Dobrachev (All-Russian Research Institute of Hydraulic Engineering and Land Reclamation named
after A.N. Kostyakov, Russia)


6. Importance and current state of transport corridors of the Russian Far East and North-Eastern
China as a platform for integration in the macro-region
Sergey Sazonov (RAS Institute of Far Eastern Studies, Russia)


7. Prospects of establishment of the Russian-Chinese agricultural zone in the context
of the “Silk Road Economic Belt” mega-project development
Roman Girenko (Agency for Systemic Engineering, Russia)


8. Discussion. Conclusions from the round table. Proposal for the final resolution of BRICS
Water Forum







Theses for O.Grigoriev’s presentation. 


1. Division of labor as a basic stratagem of the previous phase of world economic 


development. 


       1.1. Uniqueness of this preceding phase. 


1.2. Principal non-reproducibility in the futures of the dominant tendencies of the 


preceding phase. 


1.3. Significant inertia of infrastructure and patterns of activity prevalent in the previous 


stage of development of the world economy. 


 


1.3.1. Orientation of the traffic flows "East-West". 


              1.3.2. Established global logistics system, etc. 


2. The Chinese Silk Road Economic Initiative as an attempt to make the most of the 


existing infrastructure of oriented via the "East-West" route. 


       2.1. Addition and reconfiguration of the previous infrastructure orientation by meridional 


and other ligaments. 


      2.2  Increase (or deepening of) the levels of the division of labor (where possible). 


        2.3. Extension of the yuan zone and attempts to create a closed reproductive circuit 


economy under the control of China. 


         2.4. Solution of the number of Chinese domestic issues along the way. 


3. Infrastructural foundation of the future of regional and international functioning of the 


economy is water logistics. 


       3.1. Water usage projects can serve as a tool for removal of food problems and demographic 


pressures. 


        3.2. Upon the basis of regional and inter-regional hydraulic circuits a new future economy 


can be build. 


4. The New Silk Road (or One Belt One Road) initiative should consider utilization of  the 


water logistics system of Eurasian macro-region. 


        4.1. Areas around water sources can be both sources of  concentrated labor (Demand) and 


food (as one of the Supply factors). 


4.2. Key stakeholders of this process: China,Russia, India, Kazahkstan, Pakistan, 


Mongolia,etc. 







Theses for Valitov T.R. presentation “Water resource management project design 
in the context of division of labour.” 


1. Complex water resources management projects are one of the ways to integrate 
regions into system of division of labor. 


2. Complex projects of water resources management are fundamentally different 
from water resources management projects implemented within the single-product 
interactions (drinking water, export oriented electricity production), or projects 
aimed at removing resource limitations (mostly agriculture) . 


Several examples are used to illustrate this statement: 


A. Integrated water management - project Tennessee Valley Authority. 


B. Single-product interaction - Helmand and Agrandbad Valley Authority 
(Afghanistan), irrigation in order to produce crops for export. 


C. Removal of resource constraints - Chinese projects – irrigation for the 
purposes of raising of agricultural production levels in the provinces of 
Heilongjiang, Hunan, water transfer projects from South to North. 


3.  Summary: typology of situations and projects for water management. 


4. Conclusion: The limits of  water management projects, assessment of the 
prospects of overcoming of the limits through cross-border cooperation  in 
agriculture within the concept of division of labor.  







The structure – functional simulation model of irrigation systems for optimization of 
environmental and economic indicators of water use  
 
Y. Dobrachev 
Dr. Sc. (Techn., Biol.), Chief scientist,  
All-Russia Research Institute of Hydraulic Engineering and Land Reclamation, Bolshaya 
Akademicheskaya 44, Moscow 127550, Russia. 
 


Abstract 
 
The structure – functional simulation model for farm unclosed and closed types irrigation 


systems was designed to optimize water use for ecological and economic criteria by controlling 


irrigation on agronomic and weather parameters and monitoring of soil and crops. The work cycle of 


management includes two stages: seasonal planning of water volumes allocation on agricultural 


cultures and periodic near-term operational planning on separate fields. The seasonal planning 


provides maximum effective strategic allocation of aqueous resources depending on cost of crop 


production, available aqueous resource under view of production functions «productivity – 


application rate» on each agricultural culture. The solution of an optimization problem of water 


allocation planning, at a deficit of this resource, recommends to refuse from irrigation of a part of 


agricultural areas, production function of which has S-figurative character. 


The operating schedule of watering by agronomic and weather parameters settles up on fields 


and cultures for 5-7 days. Calculation of irrigation schedules on individual fields is carried out 


taking into account the structure and technical characteristics of the entire irrigation system: from a 


sprinkler to water intake pumping station. The basis of calculations is constituted by results of 


optimization of modes of an irrigation on each crop obtained on simulation models such as 


"atmosphere-plant-soil. In the simulation model planned watering are proportioned on time during 


all vegetation period so that the maximum of productivity is provided. However for creation of the 


operating schedule the information is used only about further watering, and thus implemented the 


principle of dynamic control. The most effective mode of water usage for the whole irrigation 


system will be realized provided by water, agrologic and weather resources, and confirmed with the 


technical means of irrigation system. 







Theses for R.N. Girenko’s analytical report on the theme "Prospects of Russian-
Chinese agricultural belt in the context of the unfolding economic megaproject Silk 


Road Economic Belt" 


 


1. Agriculture within the next 20 years will become the driver of re-
industrialization of North-East China, Siberia and the Russian Far East. 


2. The process of "Re-industrialization" will serve as an the operator of the 
inclusion of this macro-region (North-East China, Siberia, Russian Far East) into 
the global division of labor. 


3. The Silk Road Economic Belt can serve as the basis for a number of integration 
projects for design of division of labor within the Eurasian space (concerning the 
industries of transport and logistics, energy, industrial manufacturing and 
agriculture) 


4. In this context water becomes the key resource for re-industrialization. In the 
near future, access to water management will become an arena of competition 
between the industry players and countries, putting at the forefront the issue of 
integrated sustainable management of this complex resource, taking into account 
the interests of all of the relevant stakeholders. 


5. Future regional system of division of labor will involve a new understanding of 
water systems. Qualified water users will be new actors within macro-regional 
division of labor, which will form an integral conception (perhaps expressed in the 
form of an agreement, a specific water usage code) of this resource usage. 


6. Formation of a powerful agricultural zone located in Siberia, the Russian Far 
East and North-East China aspires to become one of the main integrative macro-
level projects 


7. The establishment of this zone is the basis for the formation of an entirely new 
energy and transport infrastructures and entirely new industries (several examples 
will be given). 
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Water resources management of  a river basin, 
affected by anthropogenic forcing in the case 
study of  the Nytva river


In the last years Russia developed Schemes of  Integrated Use and Protection of  Water 
Objects (SKIOVO) aiming at remediating and maintaining water resources quality. The main 
limitation of  the schemes is seen in their large spatial scale, which is determined by the 
available environmental monitoring data. The meso-scale catchments are usually ungauged, 
which does not allow to monitor and manage water quality on the respective scale and thus 
they are not included in the schemes. This can have severe consequences, if  the catchment is 
used for drinking water supply (DWS) from surface waters. This is shown on the example of  
the Nytva river basin, where raw water is extracted from the eutrophic Nytva reservoir for 
DWS. The solution of  the problem is seen in the application of  structured water quality 
mitigation measures, included in the basin management plan.


Case study
As case study the Nytva river basin (Permsky Krai), is chosen due to  the following
criteria. Firstly, the catchment is representative for  sub-catchments of   the Kama river 
basin,  which includes  more than 500 similar watersheds . Secondly, as  for  many other 
tributaries  in  the  Kama  river  basin,  the  main  stream  in  the  catchment  is  ponded
into  a  reservoir for water supply purposes. 


Problem description
In order to verify the  fact of   the reservoir  eutrophication and its degree, the primary 
analysis was  performed  with  the  data  on  water  quality  friendly  provided  by  Nytva
Environmental Authority. The water sampling and analysis has been  conducted  by Water 
Works  Operator.  The  analysis  water  quality  data  of   one  year  in  the  proximity  of   
the  intake  mouth  shows Nytva reservoir significant  increase  of   COD,  NH4-salts  and  
Fet concentrations  during  the  vegetation  period.  At  the  same  time,  oxygen  deficit  
oxygen  and  basic  medium  (pH~8  units)  indicate intense  ongoing  biological  processes  
in  the  water  body.  For  verification  in  detail,  the  data  should be of  higher time 
resolution.


Monitoring points in Nytva basin


The analysis of  the water  quality  in Nytva reservoir has finally confirmed the 
hypothesis  on the  high  trophy  level.  As  eutrophication indicator  only  total  
phosphorous  (TP)  has  been measured, whose concentration (average ca. 500 µg/l) in 
the reservoir is equivalent to the  trophy  level  of   hypertrophic  lake. 


User analysis in the basin


Scheme of  economic activities in Nytva river sub-catchments (left); estimated TP 
loads in river network (right) 


Material flow analysis 
The total TP emission in the basin approximates 68 tones/a, with the highest intensity 
in  subbasins C (179 kg/a km2), with dominating input from cattle breading) and A 
(88,9 kg/a km2), with main input from point sources). The total basin emission from 
cattle breading equals  to the sum input from all other sources. Other important 
mission pathways are point sources and erosion of  arable land. The emission patterns 
in the sub-basins vary according  to the economic activities and the land use.


Total phosphorous emissions in the Nytva basin (left) and sub-basins (right)


Therefore, we suggest the implementation of  an IWRM approach within a basin 
management plan for ungauged meso-scale river catchments in Russia. It requires 
several conditions to be fulfilled: (i) the responsibility of  the water resources quality 
should be addressed to a limited number of  authorities; (ii) the water resources 
policy should be reorganized in order to involve the stakeholders (water users) into 
the management process; (iii) the centralized monitoring and data management 
system for the basin, where the surface waters are used for DWS, should be set up in 
order to perform operative water quality and pollution hazards assessment and 
develop pro-active risk management concepts.
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September 29, 2016


1. River and glacier flow of Amudarya river (Pamir) in normal and extreme years 
Vladimir Konovalov (RAS Institute of Geography, Russia)


2. Water resources management of a river basin, affected by anthropogenic forcing in the case 
study of the Nytva river 
Svetlana Dvinskih (Perm State University, Russia)


3. Dynamics of the level regime of small and medium-sized Russia’s hinterland closed lakes 
in the conditions of climate change (on the example of lake Krasylovskoe of Altai krai) 
Vladimir Zuev, Nina Zueva, Sergey Kurakov (Institute of Monitoring of Climatic and Ecological Systems, 
Siberian branch of RAS, Russia), Igor Sutorikhin (Institute of Water and Environmental Problems, 
Siberian branch of RAS; Altai State University, Russia), Natalia Kharlamova (Altai State University, 
Russia), Ustina Yankovskaya (Institute of Water and Environmental Problems, Siberian Branch of RAS, 
Russia)


4. Role of the inter-municipal water basin councils of small rivers in ensuring an integrated 
approach to water resources management 
Anna Aladyshkina (National Research University Higher School of Economics, Russia), Alexey Krasnov 
(Department of Ecology and Environmental Management of the Legislative Assembly of the Nizhny 
Novgorod Region, Russia) 


5. Network design of social and environmental information for the big river basins 
Anna Aladyskina (National Research University Higher School of Economics, Russia), Alexander Ivanov 
(Nizhny Novgorod State University of Architecture and Civil Engineering, Russia)


6. Water security assessment in regions of Western Siberia
Irina Rybkina (Institute of Water and Environmental Problems, Siberian Branch of RAS, Russia)


7. Determination of zones of maximum climate destabilization in the northern hemisphere 
Yury Kirsta (Institute of Water and Environmental Problems, Siberian branch of RAS, Russia)


8. Less leakages with better gaskets 
Franck Royer (Klinger GmbH, Germany)


9. Assessment of the variability of waste water quality in the system of water disposal – 
an econometric approach
Elena Kopnova (National Research University Higher School of Economics)


10. Dynamics of water use in natural areas of the Volga basin
Sergey Yasinsky, Irina Vishnevskaya (RAS Institute of Geography, Russia)


11. Allowable acid loads on water bodies based on a hydrogeochemical model 
Petr Lozovik, Irina Kravchenko (Institute of Water Problems of the North of the Karelian Research Center 
of RAS, Russia)


12. The research of conditions and processes of the sewage dilution in the river channels
Anna Kurteeva (Udmurt State University, Russia)


13. Long-term dynamics of metal content in the Belaya river basin affected by natural and 
anthropogenic factors 
Tatiana Fashchevskaia, Yutiy Motovilov (RAS Institute of Water Problems, Russia)


14. Polycyclic aromatic hydrocarbons as an indicator of the environmental state of water bodies
Alexander Khaustov, Margarita Redina (Russian Peoples’ Friendship University, Russia)


15. Research of a centrifugal pump effect on the particles size of the oil-water emulsion
Anna Morozova (Far Eastern Federal University, Russia)


16. Ozone-sorption and electrochemical technology 
Anastasia Gadlevskaya, Anton Mantuzov (JSC Branch of the Order of Red Banner of Labor Research 
Institute of Physical Chemistry named after L.Ya. Karpov, Russia)
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17. Installation for tap water microfiltration 
Alexander Smolyansky (JSC Branch of the Order of Red Banner of Labor Research Institute of Physical 
Chemistry named after L.Ya. Karpov, Russia)


18. Hydrological balance in the large Russian river basins from GRACE satellites
Leonid Zotov (National Research University Higher School of Economics, Russia), Natalia Frolova  
(M.V. Lomonosov Moscow State University, Russia), Elena Kyzyngasheva (National Research University 
Higher School of Economics, Russia)


19. Flood risks’ maps – effective management instruments 
Tatiana Borisova, Andrey Beshentsev (Baikal Institute of Nature, Siberian Branch of RAS, Russia)


20. Adaptation to floods in the Amur river basin: considering the environment
Oxana Nikitina (World Wide Fund for Nature (WWF-Russia), Eugene Simonov (Rivers without Boundaries 
International Coalition, Russia), Peter Osipov (World Wide Fund for Nature (WWF-Russia), Evgeny 
Egidarev (World Wide Fund for Nature (WWF-Russia), Pacific Institute of Geography, Far East Branch 
of RAS, Russia), Andrey Shalikovsky (Eastern Branch of Russian Research Institute for Integrated Water 
Management and Protection, Russia)


21. Rainfall-runoff regime and NDVI spatial-temporal analysis
Ligia Maria Nascimento de Araujo, Isela Vazquez, Daniel Medeiros Moreira, Nelson Ferreira Fernandese, 
Otto Corrêa Rotunno Filho (Laboratory for Water Resources and Environment, Civil Engineering 
Programme, Alberto Luiz Coimbra Institute for Graduate Studies and Research in Engineering, Federal 
University of Rio de Janeiro, Brazil)  


22. Impacts of moisture on soil carbon and N2O emissions in agricultural soil in Northwest 
China 
Zhang Fan, Wu Yiping (Xi’an Jiaotong University, Xi’an, China)


September 30, 2016


23. The formation of nitrite composition of the Upper Volga water under Tver anthropogenic 
loads
Victor Nikolsky (Tver State University, Russia)


24. Assessment of environmental state with benthic amphipod biomarker: malformed embryos 
frequency
Nadezhda Berezina (Zoological Institute of RAS, Russia)


25. Ecological and legal aspects of ensuring the rational use of transboundary water resources 
of the Samur river
Magomed Guruev (Caspian Institute of Biological Resources of Dagestan Scientific Center of RAS, Russia)


26. Anthropogenic transformation of influence of chloride ions of atmospheric precipitation on 
their river runoff in the North of the East European plain
Dinara Khairullina (Kazan Federal University, Russia)


27. Water purification without chlorine and UV
Peter Mikheev, Andrey Kobzev, Igor Jukov (AQUIFR LLC, Russia)


28. Precipitation in the Amur river basin in summer 2013
Mikhail Bolgov, Maria Trubetskova, Irina Filippova, Maxim Kharlamov (RAS Institute of Water Problems, 
Russia)


29. Managed aquifer recharge on the South of European Russia as a reduction method  
of the local water scarcity
Anna Chetverikova (RAS Institute of Water Problems, Russia) 


30. Simulation of pesticide transport in groundwater using model PEARL and Russian standard 
scenarios
Viktoria Kolupaeva, Victor Gorbatov (Russian Institute of Phytopathology, Russia)
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31. Probabilistic forecast of the Lake Chany water level
Elena Korobkina, Mikhail Bolgov (RAS Institute of Water Problems, Russia)


32. Climate change impact on agricultural water supply and human life in the European
part of Russia
Elena Cherenkova, Daria Bokuchava (RAS Institute of Geography, Russia)


33. Planning and design of river bank filtration and subsurface iron removal
Victor Kulakov (Russian Academy of Sciences, Russia), Vladimir Steblevsky (JSC “Mosvodokanal”,
Russia), Jobst Herlitzius (ARCADIS Deutschland GmbH, Germany), Thomas Grischek
(ARCADIS Deutschland GmbH, Dresden University of Applied Sciences, Germany)


34. Model of runoff formation in the Amur river basin
Andrey Kalugin (RAS Institute of Water Problems, Russia)


35. Phytoplankton from the Ob source to its mouth (Western Siberia, Russia)
Elena Mitrofanova (Institute of Water and Environmental Problems, Siberian branch of RAS, Russia)


36. Modelling of a regime of Volga-Akhtuba floodplain flowage in the conditions
of anthropogenous influence and climatic changes
Ksenia Shatalova (RAS Institute of Water Problems, Russia)


37. Features of water quality biological assessment in different sites of large Ob river system
Liubov Yanygina (Institute of Water and Environmental Problems, Siberian branch of RAS, Russia)


38. Floods in Siberia: spatial-temporal analysis
Natalia Kichigina (V.B. Sochava Institute of Geography, Siberian branch of RAS, Russia)


39. Acoustic doppler profiler ”Argo-600”
LLC “зD-Agro”, Russia


40. Lake Onego and its watershed: geological history, anthropogenic transformation
and current state
Dmitry Subetto, Natalia Belkina, Natalia Kalinkina, Galina Borodulina, Anastasia Sidorova, Alexey
Tarasov, Maxim Potakhin, Mikhail Zobkov, Nikolay Filatov, Maria Bogdanova, Vyacheslav Baklagin,
Alexander Litvinenko, Tatiana Shelekhova, Yulia Fomina, Nadezhda Lavrova (Institute of Water Problems
of the North Karelian Research Centre of RAS, Russia)


41. Sustainable water resource management in the Tiger Corridor, Rajasthan, India
Bhanwar Vishvendra Raj Singh, Anjan Sen (Delhi School of Economics, University of Delhi, India)


42. Wind-wave regime of reservoir: field investigation and numerical modeling
Georgy Baydakov, Alexandra Kuznetsova, Yuliya Troitskaya, Daniil Sergeev (Institute of Applied Physics
of RAS, Russia)


43. Formation of water quality of the Ivankovo reservoir in the conditions of intensive
recreation
Irina Grigorieva, Alexey Komissarov, Ekaterina Chekmariova (Ivankovo research station of the Water
Problems Institute of RAS, Konakovo, Russia)


44. Methodological basis of accounting and normalization parameters of risk from ice jam
floods
Lyubov Banshchikova (State Hydrological Institute, SPO “Gidrotekhproekt”, Russia)
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Contact details:
Guruev Magomed Abdulaevich
Federal budgetary institute "Caspian Institute of  biological resources" of  the Dagestan 
scientific center of  the Russian academy of  sciences
Phone: 8-928-874-84-64
E mail: perspektivard@mail.ru


The study of  biological variety and terms of  his maintenance presents one of  
major tasks, a decision of  that is the mortgage of  providing of  the steady 
functioning of  naturally-territorial complexes. His actuality follows from a 
necessity to optimize the use of  natural resources, bring down the 
consequences of  the economic affecting biota. It touches such specific natural 
educations, as ecosystem of  river deltas directly, in particular deltas of  the 
Samur river, where the substantial change of  habitat registers oneself  under 
influence of  scale aquicultural building. Therefore in a modern period essential 
is a study of  all complex of  ecological, aquicultural and legal questions of  
guard of  natural biological complex of  delta of  the transfrontal Samur river.
The delta of  the Samur river with his tertiary liana forests and highly 
productive pratal-forest soils occupies the south outskirts of  the Seashore 
lowland of  Dagestan and north part of  Samur-Divchinskiy of  lowland of  
Azerbaijan, close fitting closely to the coast of  the Caspian sea. A delta builds 
alluvial alluviums that are, mainly, from pebbles with the admixture of  sand 
and clay. In the moment of  abounding in water floods of  water of  Samur
flood I will understand a delta. Besides a superficial flow, here is a subriver-bed 
flow that wedge in as numerous springs and together with lauter waters gives 
powerful streams. It creates the original hydrological mode, providing 
moistening of  soils and development of  the unique river-delta forests with a 
magnificent sylva.
In the middle of  50 of  past century with the purpose of  land development 
under agricultural lands in Seashore and Samur-Divichinskiy of  lowland, 
decision of  problem of  drinkable water-supply of  separate territories, scale 
aquacultural transformations are realized, beginning it was fixed that building 
in 1956 in overhead part of  delta of  Samur of  the hydro-electric station. As a 
result of  withdrawal thus near a 70% annual flow of  the Samur river on the 
needs of  irrigation and drinkable water-supply , the problem of  maintenance 
of  unique biological complex was intensifyed, substantially the processes of  
silting-up, bringing the alluviums of  overhead race of  the hydro-electric station 
activated and transformation of  river-bed and streamside processes is marked 
in a delta. 
The anthropogenic change of  river river-bed becomes the basic factor of  
development of  ecological tension in the delta of  the Samur river, causing 
transformation and degradation of  unique ecosystem and creating unfavorable 
terms for the vital functions of  people. If  there are processes of  
transformation of  river-bed in the overhead and middle flow of  the Samur
river, conditioned by the natural process of  threading-in of  the river in a 
hypsography, then the accumulation of  alluviums, silting-up and subsequent 
displacement of  river-bed toward territory of  Russian Federation, registers 
oneself  in a lower flow. The most strong changes in development of  river-bed 
processes show up in the delta of  the Samur river. Before it is expressed in the 
decline of  flow of  alluvium, washing away and lowering of  marks of  bottom 
of  river-bed, increase and drainage of  flood-lands, changing of  type of  river-
bed processes.


Ecological and legal aspects of  providing of  the rational use of  transfrontal
water resources of  the Samur river


It results in the decline of  water-table, to the increase mineralization of  
underwaters, to substantial reduction of  hard flow of  alluviums in the mouth of  
delta. Investigation is a loss of  biological variety, weakening of  stability of  natural 
ecosystems. The area of  the forests grew short in 4 times, there is reduction of  
project coverage of  grassy plants, the amount of  lianas went down, high height 
valuable breeds of  trees especially oak. In too time, the height of  amount of  
ruderal plants is marked. More than 60% areas of  the forests behave to the 3th 
degree of  degradation. Making progress degradation of  Samur river of  the forests 
puts maintenance of  fat pratal-forest lands under a threat.
In future, with the forecast expansion of  influence of  all types of  activity of  man 
on the natural complexes of  delta, the process of  degradation can be accelerated 
and aggravated. Basic negative influence on the state of  natural biocomplex is 
bound by the complex mastering of  water resources of  the transfrontal Samur
river with the substantial exceeding of  threshold of  possible withdrawal of  her 
natural flow.


Fig.1 the rates of planned deforma on of the 
floodplain , upstream SAG, R. Samur


Fig.2 Dynamics of water use for the 
municipal supply of the city of Derbentент


Fig.3 Poten for the use of 
the waters of the river Samur


Fig.4 the bed of the river Samur dry
the summer bridge at S. Phil (2010). 
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Introduction :-


Water scarcity is one of the most important global challenges today facing whole humanity, especially BRICS countries. In the context


of India, Rajasthan is the biggest state and it covers an area of 34.22 million hectares, which is 10.5 percent of the country’s


geographical area, but sharing only 1.15 percent of its water resources. The state is mainly agrarian as the livelihood of 70 percent of


its people depends on agriculture-based activities. Most of the state (60-75%) is arid or semiarid. In the last 50 years, a threefold


increase in the human population and a doubling of the livestock population have put tremendous pressure on the fragile water and


land resources of Rajasthan. According to eco system services (provisioning) water as stated earlier, In this area have some reservoirs


and rivers maintain the water table of the region throughout the year and are important sources of irrigation. The forested watershed


ensures regular flow of water in the streams, especially in dry seasons by acting as a sponge and releasing water slowly. A study done


for the Green India State’s Trust has estimated that forests in Western Rajasthan contribute to 80 mm / hectare of additional water


recharge considering all factors such as, inter-alia, precipitation, evapo-transpiration, saturation capacity of the soil and run-off vis-à-


vis a non-forest area in the western region of the state. Only accounting for Moderately Dense Forests and Open Forests (with a


combined area of approximately 780 km2), the differential water recharge from forests of RTR (80 mm ha-1 year-1), the total amount


of additional water recharge attributable to RTR is approximately equal to 6.24 million m3. Using the economic value of 18.43 / m3,


the total economic value of annual water recharge by RTR is approximately equal to ` 115 million per year. ( Economic valuation of


Tiger reserve in India , A value + Approach January 2015).


Sustainable Water Resource Management in 
Tiger  Corridor, Rajasthan, India


New paradigm of  Evolving approaches to the water–ecosystem interface:-


Bhanwar Vishvendra Raj Singh (PhD.) & Dr. Anjan Sen (Assistant Professor)


Department of  Geography, Delhi School of  Economics,


University of  Delhi,  Delhi- 07, India 


+91-9871968974, Email Add. bhanwarsa28@gmail.com  


Research Methodology:-
It’s Study based on secondary and primary data through GIS mapping in Tiger habitats. The location, drainage and


relief has been derived from Cartosat-image and obtained from BHUVAN portal. NDVI, The data for month-wise


surface water resources has been collected form BHUVAN portal and Indian Meteorology department (IMD). The


data analysis process involves digitization data was attached with the digitized map and raster maps have been


created. The physical indicators are obtained in raster formats. Using all the raster maps the final delineation of


corridor has been done through spatial analysis using the raster calculator tool in ArcGIS and Erdas. Primary data


analysis through content analysis.


Result and Discussion :- Water is the most common natural compound found on the earth and the most vital


compound for the formation and survival of life to each flora fauna. In the Ranthombhore, water scarcity have a


common problem for wildlife animal and local people due to anthropogenic activates as well as natural causes as a,


illegal mining, Badland topography, Crop damage by wildlife animals, Red scums, Grazing, Semi arid landscape, and


Monsoon climate condition. But in the tiger corridor area have a unique traditional water practices is always going


on such as, Embankments, Dams, Open wells, Baori, Johad, and utilize of water through sustainable livelihood


practices is always strength for water resources management.
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Conclusion: Science-policy-community-interface for water management
Sustainable water resource management both physical and socio economic features of corridor surface and providing a synoptic


view of the water services system for the better analysis of the issues in this region. This graph is showing last five year rainfall


data which is continuously increasing that is good sign for flora fauna of tiger corridor. Because of our government and public


organization is trying to develop indigenous techniques and restore of traditional knowledge's, which is good indicator for water


resource management in tiger habitat. Further all the efforts are directed for the betterment of community hence their view and


inputs are most important. The traditional and indigenous technique of management and conservation of water by community


need to be considered along with modern scientific techniques. Hence for sustainable management of water and strong science –


policy—community-interface is required in present and future earth.
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Contact Box Moscow Region, Electrostal, Sportnbnaya str. 24 
Institute Name AQUIFR LLC 
Tel. +7 903 741-02-59  
E-mail: peter.mikheev@iaqufer.ru 


Peter Mikheev, Andrey Kobzev, Igor Jukov 
 
Problems 
The problem of  reduction of  expenses at water purification arises 
before each  water consumer which volume more than 1 m3/d in 
not dependence on forms of  ownership 
The problem arises because of  imperfection of  the applied systems 
of  cleaning and their moral and physical obsolescence 
The problem is still not solved both in the central Russia and in 
regions 
The water  purification problem is very sharp in Latin America, 
Africa and Central Asia 
Our technology – 
The combination of  electrolysis and jet aeration to shock 
dispergating in the AVR installations increases efficiency of  
processes of  oxidation of  the dissolved impurity and disinfecting of  
water 
- For deferrization and oxidation of  impurity - –  aeration with 
dispergating 
 - For disinfecting  –  direct electrolysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


When using the equipment of  the AQUIFER company you save on: 
- costs of  installation of  equipment 
- the personnel (installations work in the automatic mode); 
- expendables (in the course of  work of  installation public sorption 
materials of  the Russian production are used, also in some cases 
when disinfecting food table salt is used) 
      On technology of  water purification our company took out the 
patent and  know-how.The patent is supported 
Competitive advantages of  the AVR technology 
  


Water purification without chlorine and UV 
 


 
 
 
 
The executed projects and works 
1. Shopping center in Yakutia 
2 .Preparation of  technological water (Electrostal) 
3. Purification of  drinking water for employees of  LPU (Balashov)) 
4. Purification of  drinking water for employees of  LPU (Mokrous) 
5. Water purification from an autonomous well (Surgut) 
6. Water purification in the laboratory building (Pavlovsky Posad) 
7. Water purification system for plant in Surgut 
 


 


Depending from the analysis of  initial water  we   changes set of  
purification blocks our equipment  and its tunings for achievement 
of  the maximum ratio on the demanded quality of  water and energy 
efficiency of  installation. Also it should be noted that the AVR 
installations don't use revers osmosy membranes. The block of  bulk 
filters works at a basis of  simple not catalytic loadings of  the Russian 
production. 
Application of  aeration with shock dispergating of  air-and-water 
mix, allows to receive a big interface of  the phases "water-air" that 
on the gained effect is comparable with application BIRM 
technology of  deferrization. The combination of  two processes 
allows our equipment to differ qualitatively from the equipment of  
competitors on energy efficiency and cumulative cost of  possession. 
 Direct competitors of  the AQUIFER company are presented in the 
foreign market, but the equipment offered by these companies is 
significantly more expensive than the AVR installations and don't 
maintain the competition in connection with an exchange rate 
difference 








Program of the Conference 
29 September, 2016


Plenary session 1. Water policy and international water cooperation of BRICS 
countries  
Russian Federation’s experience in transboundary water management
Vadim Nikanorov (Federal Agency for Water Resources, Russia)


Russian Federation’s Water Strategy 2030
Mikhail Bolgov (Institute of Water Problems of the Russian Academy of Sciences, Russia) 


Water research for evidence based policy-making in South Africa
Barbara Schreiner (Water Research Commission (2012–2016), Pegasys Institute, South 
Africa)


Advancement of water resources management, research, and education in Brazil 
Francisco de Assis de Souza Filho (Federal University of Cearа, Brazil)


Climate change and water safety: case study in China 
Jun Xia (Research Institute for Water Security, Wuhan University; Key Laboratory of Water 
Cycle & Related Land Surface Processes, Chinese Academy of Sciences, China)


The UNECE Water Convention and transboundary water cooperation
Bo Libert (UN Economic Commission for Europe, Switzerland)


The BRICS Water Cooperation Quotient (Index) 
Anumita Raj (Strategic Foresight Group, India)


Introduction to “Clean Rivers of BRICS” umbrella program for environmental 
rehabilitation of water bodies
Abil Vezirov (Information and Analytical Centre for Water Industry Development, Russia)


Presentation of BRICS Network University
Boris Zhelezov (National Research University Higher School of Economics, Russia)
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Water is an important component of ecosystems and provides the main vital 
signs of the person 


Drinking consumption 


Production of food 


Hygiene and sanitation 


Creation of the comfortable habitat 


Habitat of water bioresources 


The vital resource for an animal and flora 


Industrial production, hydropower, 
transport 
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Global challenges of world development 


Deterioration in an ecological 
situation as a result of high 
anthropogenous influence 


• 70% of sewage in the world are dumped without cleaning 


• About 50% of all world rivers and lakes are polluted 


The decrease in energy and food 
security caused by growth of 
population and an urbanization 


• Population for the last 100 years grew by 3 times 


• The amount of consumption of water resources grew by 
6 times 


• 70% of world water consumption are used for production 
of food 


Low level of access for the 
population to clear drinking 
water and sanitation 


• More than 1 billion people have no access to qualitative 
drinking water and more than 2 billion - to systems of the 
sewerage 


• More than 50% of hospital places are engaged in the world 
by the patients having the diseases caused by the use of 
low-quality drinking water 


Need of adaptation to the 
changing climatic conditions 


• Climate change for 20% will aggravate a world problem of 
shortage of water 


• Influence of the dangerous hydrological phenomena will 
amplify (more than 100 million people annually suffer) 


1. 


2. 


3. 


4. 
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Water security by 2025 (m3 on the person in a year) 


0 - 1000 


1000 - 1700 


1700 - 15000 


15000 - 50000 


50000 – 60500 


 The forecast of water security by 2025 


The necessary volume of investment for the problem of water 
resources  deficit - more than 100 bln. dollars a year


1950 2000 2025 


Number of 
population 
(млрд. чел.) 


2,5 
4 


6 
8 


Volume of 
consumption 
(t. kub. Km.) 


1,4 


2,8 


3,8 


4,9 


1975 


Below a critical minimum (&lt;1700 
m3 on the person in a year) * 


Above a critical minimum 


* по данным ООН
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The Russian Federation – one of the most water provided countries of the world 


Mean annual renewable water resources of Russia - 10% of a world 
river drain (the 2nd place in the world after Brazil) 


1,1 


4 300 River runoff км3/год 


Water security of the population with 
resources of a river runoff, one thousand 
m3/year on the person 


USA 


2 800 
Russia 


Canada 


Brazil 


9,4 


88,2 


China 


2,2 


30,2 


28,9 


5 418 


4 300 2 850 


2 800 2 812 
1 260 


India 
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Infrastructure of water sector in Russia 


Reservoirs capasity 
800 км3 


Total length of the water 
transfer canals 
 > 3 000 км 


Dams and other defence 
objects length > 10 000 км  


More then  30 000 
reservoirs 


Water transfer around  
17 км3 


More than 700 navigation 
hydraulic works 


More than  
100 HPP 


65 000  hydraulic 
works 
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The water management complex plays an important role in national economy 


Electricity generation of hydroelectric power station– 20% 


Catch and production of water bioresources – 0,17 млн.т 


Cargo transportation water transport          –   150 млн.т 
public conveyance                                     –    21 млн. чел  


The area of the irrigated farmlands                   –    4,3 млн.га  


1 


2 


3 


4 


Drinking and economic and household water supply - 
142 млн.чел 


5 


Water is used in all types of economic activity 
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Secured provision by water resources of sustainable 
social and economic development of the Russian 
Federation 


Strategic objectives of Water strategy of the 
Russian Federation 


1 


2 


3 


Preservation and restoration of water objects to the 
state providing ecologically favorable conditions for 
life of the population 


Ensuring security of the population and objects of 
economy from floods and other negative impact of 
waters 
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1.Secured provision by water resources of sustainable social and 
economic development of the Russian Federation 


Increase in rationality of use of water resources 


Elimination of local deficiencies of water resources 


Providing population of the Russian Federation with qualitative 
drinking water 


Ensuring the balanced territorial development of water sector 1. 


2. 


3. 


4. 


Tasks 


Использование 
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• Water security of the territory of Russia is uneven 
• 80% of the population live in the territory from 8% of water 
resources 


Water deficit regions 


• Republic of Kalmykia 
• Belgorod region 
• Kursk region 
• Stavropol Krai 
• South Ural (certain regions) 
• South of Siberia 


For drinking and economic 
domestic needs 


• Republic of Kalmykia 
• Saratov region 
• Astrakhan region 
• Volgograd region (part) 
• North Caucasus 
• Orenburg region (separate parts) 


For agricultural needs 
1.Restriction for development of 


agriculture 
2.Decline in quality of life of the 


population 


Resources of a river drain *, 
one thousand m3/year on persons 


rational inventories of underground 
waters, l/days on persons 


* Average value 


In average by Russia 30,2 


North-West FD 44,8 370,8 


3,4 Central FD 742,6 


Near Volga  FD 8,9 555,4 


South FD 13,6 697,3 


Ural FD 48,8 486,6 


Siberian FD 67,4 792,3 


659,7 


Far East FD 283,9 1 067,1 


Использование 
Task 3. Elimination of local deficiencies of water resources 
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 2. Preservation and restoration of water objects to the state providing 
ecologically favorable conditions for life of the population 
 


1. Decrease in anthropogenous impact on water objects 


2. Protection of underground waters from pollution 


3. Rehabilitation of water objects 


Tasks 


Охрана 
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The volume of the sewage which is subject to 
cleaning makes 19,2 billion m3 


71% 


11% 


18% 
Non cleared 


insufficiently cleared 


standard cleared 


About 11 million t. of pollutants annually come to water objects of Russia 


Amount of the standard purified waters to 
amount of the sewage requiring cleaning 


Russia 


Mexica 


Brazil 


Japan 


USA 63%  


35%  


34% 


19% 


11% 


Uncontrollable (diffusion) drain (runoff) 


• Agricultural pollution of reservoirs 
• Storm and thawed snow from urban areas 
• Dumps of ores and the mineralized breeds of the 


mining entities (annually more than 1 million 
tons of chemicals), production wastes and 
consumption 


Structure of dumping of the polluted sewage 
Agriculture 


Fish production (0,4%) 


housing and 
communal services 


Main and processing economy 


Other  (4%) 


60% 


6% 


25% 


5% 


5% Energy production 


Охрана 1. Decrease in anthropogenous impact on water objects.  
Problems 
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3. Ensuring security of the population and objects of economy 
from floods and other negative impact of waters 


 


Protection of the population and objects of economy against 
floods 


Regulation of use of flood-prone territories 


Safety of Hydro works 


Tasks 


1. 


2. 


3. 


Безопасность 
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Result 


  Protection of the population and objects of economy against floods 
 


Rather low level of damage from floods and the number of affected population is provided with 
subjects to engineering protection 


Construction and reconstruction of constructions of engineering protection 


Resettlement program implementation from the territories subject to floods on the basis of 
assessment of alternative expenses 


Measures 


Increase in degree of security of territories from floods and other negative impact of 
waters from 16% to 50% 


• The area of the flood-prone territory – 400 thousand sq.km 


• Annually about 50 thousand sq.km flood  


• The population living in the territories subject to floods – 4,6 
million people 


Average annual damage from floods, bln. 
dollars of the USA 


Asia 


Europe 
N. & S. America 


Russia 


Africa 


3,1 


2,1 


0,1 


8,1 


0,1 


Current situation 


Безопасность 
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Improvement of public administration by use and protection of water objects and water 
management complex 


Priority directions 


1. Development and implementation of schemes of complex use and protection of water objects  


2. Enhancement of differentiation of powers of the Russian Federation, territorial subjects of the 
Russian Federation and local government bodies in the field of prevention of negative impact 
of waters and protection of water objects. Increase in efficiency of use of the financial 
resources allocated for implementation of appropriate authority  


3. Integration into a management system use and protection of water objects of basin 
recommendations for the purpose of involvement of the public to water resources 
management 


4. Forming of modern information and analytical tools of support of acceptance of management 
decisions: 


5. Single information and analytical system, State water register, Register GTS 


6. Development and retrofitting of the state supervisory network, system of the state monitoring 
of water objects 


7. Removal of administrative barriers and market grouping of water management services: 


8. Transition from issue of permissions to dumping into water objects to certification of 
conformity of BAT 


9. Transition to a notifying order of declaring of safety of small GTS 


10. Entering of complex water management examination of projects implementation in the field of 
use of water resources for the purpose of ensuring the balanced development of water sector 
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Scientific and technical ensuring realization of Water strategy 


Creation of methodological, standard and technological bases of ecosystem water use 


Forming of the list of BAT of systems and complexes of constructions of sewage treatment of 
various industries of economy 


Development of methods of protection against negative impact of waters 


Accomplishment of the pilot pilot projects providing working off of modern techniques, 
mechanisms of standard and legal, technical, technological and information support of 
development of a water management complex 


Research of conditions of competitive advantages of water resource capacity of the Russian 
Federation 


Ensuring the advancing innovative development of scientific and technical and 
technological base of a water management complex of Russia 


Priority directions 


Result 







New challenges: long  low flow periods and strong floods owing to 
climate change 


Territories of high hydrological 
risks, Krimsk, 2012, July 


Seasonal anomalies of rainfall 
(droughty summer of 2010) 


Attitude of the actual rainfall 
towards norm  


 < 0,5 
0,5 - 0,8 
0,8 - 1,2 
1,2 - 1,6 
1,6 - 2 
>2,0 


The dangerous hydrometeorological phenomena leading to emergence of 
damages to the population and economy became frequent 







The limiting sites of deep-water system 


Priorities of development of infrastructure of the inland water 
transport 


Elimination of the limiting sites 
of deep-water system of the 
European part of Russia 


Increase in extent of internal 
waterways with the guaranteed 
dimensions of the ship course 


Modernization outdated and 
construction of new modern, 
ecologically safe ships 


Action 


ВОРОНЕЖ 
УЛЬЯНОВСК 


САМАРА 


КАЗАНЬ 
ЧЕБОКСАРЫ 


КАСИМОВ 
РЯЗАНЬ 


САРАТОВ 


МОСКВА 
ЯРОСЛАВЛЬ 


МУРОМ 


ВОЛОГДА 


ВЕЛИКИЙ УСТЮГ 


КИРОВ 
ПЕРМЬ 


ЧЕРЕПОВЕЦ 


САНКТ-
ПЕТЕРБУРГ 


НОВГОРОД 


АРХАНГЕЛЬСК 


ПЕЧОРА 


ОРЕНБУРГ 


УФА 


ВОЛГОГРАД 


АСТРАХАНЬ 
КРАСНОДАР 


РОСТОВ-НА-ДОНУ 


ТВЕРЬ УГЛИ
Ч КОСТРОМА 


ПСКОВ 


ПЕТРОЗАВОДСК 


Н - НОВГОРОД 











Climate Change and Water Security: 
Case study in China 


Jun XIA 
Academician of Chinese Academy of Sciences (CAS) 


Chair Professor & Director,  The Research Institute for Water Security (RIWS) 
Wuhan University (WHU) 


Distinguished Professor, Key Lab. of Water Cycle & Related Land Surface Processes 
Chinese Academy of Science 


BRICS Water Forum , 28-30 September, 2016 







Outline 


• Water security issue 


• A new study on climate change & water 


•  Discussion 


 


 







1. Water Security has become the most    
    important issue on Global Strategies 







2. New vision on global water security 


 







Present situation 2050  in the future 


       grain production and almost one quarter of the global economy             
       are presently at risk because of non-sustainable water use.   


Today, 2.5 billion peoples,  
almost 40% of the world’s 







Climate change would be increasing water security risk  
in global & regional, particular on developing countries 


( Globe: CRU/Jones PD, China: Wang S ) 







3. Water Security Vison in China  


Arid    Semi-arid … Semi-humid Humid


Yellow RiverYellow River


Yangtze Yangtze 
RiverRiver


China is such a country with a variety of climate & much China is such a country with a variety of climate & much 
stress from itsstress from its population & economic developmentpopulation & economic development







Total Water Use Growth in China 


Agriculture water sue 


Industrial water sue 


Domestic water sue 







Water scarcity in China 







 Along with social & economic growth and impact of 
environment change, usable water is also declining 


  Water security issue will be increasing 


Year Population 
 
 


(Billion) 


Total Actual 
 Water Use  


 
(Billion M3) 


Useable Water 
Res. per capita  


in North   
(M3/p) 


Useable 
Water Res. 
per capita 


(M3/p) 


2000 1.3 563 359  628 
2030 1.6 710 292 508 







A New Study on Climate Chang  
&  Adaptive Water Management    


 
 







Since 2010, Ministry of Sciences & Technology (MOST), China, 
fund a National Basic Research Project (973) on Climate 
Change Impact to Water Cycle & Water Security in China, 2010-
2014, lead by Jun XIA 







MAJOR RESEARCH THEMES 


 Impact of climate change on 
Drought & water security 
related to food security & 
eco-system in North China 


Detection & Attribution of 
non-stationary hydrological 
processes for past 50-100 
years 


Reduced uncertainty of future 
different climate-hydrological 
scenarios (GCMS) & downscaling 


Coupling Land hydrological process 
models with Regional climate models 


 Impact of climate change on 
floods control security 
related to South China ( Huai 
River/Zhu River etc,.) 


 Water resources vulnerability & 
adaptation management 


National Climate Centre 
Beijing Normal University 


CAS-IAP & IGSNRR 


CAS-IGSNRR MWR-BH 


CAS-IGSNRR 
MWR- WRHPDI 







New Advantages on this research 
• Detection of non-stationary hydrological 


processes 
观测到旱涝频率的空间分布观测到旱涝频率的空间分布


PDSI/ SPI指数 反映的旱涝灾害频率 1961-2005
(a: PDSI; b: SPI)


JoC, Zhai, 2010


观测到旱涝趋势观测到旱涝趋势


PDSI/ SPI指数 反映的旱涝灾害频率 趋势1961-2005
(a: PDSI; b: SPI)


JoC, Zhai, 2010


观测到极端值的变化趋势观测到极端值的变化趋势


年最大1日与5日降水量的变化趋势


年降水量的变化趋势 平均降水强度的变化趋势


Climatic  Dy, Su, 2011


观测到旱涝趋势观测到旱涝趋势


Relations between Percentage of Runoff Anomaly (Dark line) and averaged PDSI, SPI (Dotted line)    (a: Songhuajiang
River; d: Yellow River; e: Huaihe River; f: Yangtze River; g: Pearl River; h: Dongnan Minjiang River)


JoC, Zhai, 2010


观测的事实
观测到的旱涝分布观测到的旱涝分布


2500 Meteorological 
observation network 


in China 







• Developing Bayes approach to reduce 
uncertainty for future scenario estimation   


p(y|D) = Σ p(y|Mk) • p(Mk|D)  


L(w，θ) = Σ(all s,t) log (Σ wk • p(y|θ, Mk ,D) ) 


共识性预估与方差：


E (yE (y||DD) = ) = ΣΣ wwkk •• E (y|ME (y|Mkk) = ) = ΣΣ wwkk •• MMkk


σσ((y|y|DD) = ) = ΣΣ wwkk •• ( ( ΣΣ MMkk -- ΣΣ wwkk •• MMkk ))22 + + ΣΣ wwkk •• σσ((y|My|Mkk, D), D)







• Developing large scale coupling models to 
give attribution from climate change and 
human activity 


REGIONAL CLIMATE MODEL 


Land surface hydro-model 


地下水 地下水 地下水 地下水 







• Also, developing a new approach to quantify 
water resources vulnerability & adaptive 
water management, applied to China and 
representative basins 


Water Res. 
vulnerability  


Water 
Adaptive 


Management  







Our research & preliminary conclusions:  
1.Contributions from natural variation and anthropogenic 


- Hydrological change in China is   
due to both natural variation, and 
also arising from greenhouse gas 
emission. 







    It is shown that floods frequency in South China  
(Zhu River, Yangtze River and so on) and middle and 
small rivers, and large cities, is increasing                              
( seen Liu Z. Y and Xia, 2014) 


2. Extremely floods & droughts 


Cv change in most hydrological 
records in recently 20 years  Change of floods frequency 


due to climate change  







Based on different scenarios of IPCC-AR5(RCP2.6 ，
RCP4.5, RCP8.5)  and assemble estimation for 23 
different GCMs, it is shown that both frequency and 
intensity of extremely hydrologic events in China would  
be increasing   


RCP2.6 RCP4.5 RCP8.5 


Trend of days for extremely raining  during 2006-2090 ( Q.Y.Duan,2014)  







Thus, it is possible to increase water resources conflict 
and vulnerability, particular food security issue of North 
China  


1951-2013年极端干旱事件发生频次线
性趋势(等值线，单位：月/100a)，   
红色表示通过了95%、99%信度检验 


For the future, trend of the extremely droughts 
based on IPCC-AR5, relative to past 60 years 
change, would be also increasing (Ma Z.G., 2014) 







3. Vulnerability & Adaptation will be priority 
issues for adaptive water management. 


New study on Water vulnerability & adaptation (2014, J.Xia) 


V(t) =E(t).R(t).S(t)/C(t) 


 resilience   C(t)   
 Sensibility  S(t)  
 Exposure    E(t)  
 risk            R(t) 


1 2( ) ( ) (1/( ))DWPC t f r f
Q P


= ⋅ ⋅


With three key indicators:                                                     
 r       – Use to availability ratio   (%)                    
 P/Q   - Water crowding (p / Million m3/ yr)                                          
 WD/P - Per capita available water use  (m3/p yr) 







 


 


Huaihe V(t)=0.20 


Haihe V(t)=0.80 


Yangze V(t)=0.06 


Song-liao V(t)=0.09 


Yellow V(t)=0.17 







Mapping of Water Res. Vulnerability in eight big 
river basins of China (Xia J., 2014)  







The change of water resources vulnerability in eight 
big rivers of China related to the future different 
scenarios (RCP2.6, RCP4.5,RCP8.5, IPCC-AR5 ).  







MWR in China is processing a  new water strategy 
based on three red lines control 


• The red line I :   Control of total water use
     by Total Water Resources Allocation. 


• The red line II : Control of lower water use efficiency
    by Water Demand Management. 


• The red line III:   Control of total waste water load
 by Water Quality Management. 


Adaptive water management will face to  new 
opportunity & challenges on global and regional. 







    Vulnerability change of water resources  
when taking“Three Red Line Controls“ policy 


most unfavorable condition 







For the adaptive water management in China,  


Two kind of issues should be addressed 
           i.e. Adaptive Capacity 


           Adaptive Way or Approach 


So, it needs to strengthen  
- Infrastructure building,  
   such as building dam for flood control and  
    increasing storage capacity etc., also  
- Good water governance ,  
    such as insurance system 
                 institution innovation , …， 
    to reduce risk etc.    







Volume 37, Issue 5, 2012 
Special Issue: Climate Change Impact on Water Security & Adaptive Management in 


China 
Introduction   Guest editor's introduction 


Jun Xia      pages 509-511 
 


Articles 
Drawing down our resources: estimating the total appropriation of water in China 


(article in free access) Jianting Cao, Yuanyuan Li, Fuxin Shen, Yiwei Chen & Jun Xia 
pages 512-522 


 
Water resources vulnerability and adaptive management in the Huang, Huai and Hai 


river basins of China 
Jun Xia, Bing Qiu & Yuanyuan Li 


pages 523-536 
  


Analysis of streamflow and sediment flux changes in the Yangtze River basin 
Guangju Zhao, Xingmin Mu, Buda Su, Peng Tian, Fei Wang, Jianqing Zhai & Ming 


Xiong 
pages 537-551 


  
Impacts of climate change on water resources in the Luan River basin in North China 


Sidong Zeng, Jun Xia, Dunxian She, Hong Du & Liping Zhang 
pages 552-563 


  
Climate change impacts on hydrological processes in the water source area of the 


Middle Route of the South-to-North Water Diversion Project 
Zhang Liping, Qin Linlin, Yang Zhen, Xia Jun & Zeng Sidong 


pages 564-584 
  


Hydrologic response to climate variability and human activities in the Chao River 
catchment near Beijing 


Chesheng Zhan, Yongqiang Zhang & Jun Xia 
pages 585-597 


  
Change in global radiation and its impacts on the water cycle in the Yangtze River 


basin from 1961 to 2010 
Dan Zhang, Changming Liu & Xiaomang Liu 


pages 598-610 


Special Issue of Water International, 37(5),2012: Climate Change 
Impact on Water Security & Adaptive Management in China 







Conclusions 
• Climate change will be  an important issue on water 


security. Hydrologic Science  will play a key role on  
understanding & reduce risk under climate change. 


• Water resources vulnerability & adaptive management 
will address a new challenges on modifying current water  
resources planning and water management  to changing 
environment. 


• Thus, it is need to be further studies and practices on 
both methodologies and tools to ensure water security  


     in China.  







International & cooperation 
particular in BRICS are welcome !  


Thank you ! 


Prof.  Xia Jun 
E-mail: xiajun666@whu.edu.cn 











       


In course of the Summit held in Moscow (April, 2015) 
the Environment Ministers of the BRICS countries have 
agreed to have mechanisms of interaction and 
cooperation worked out as well as to consider 
establishing a BRICS states PPP (public-private 
partnership) platform for sharing the best  legislative 
regulation practices in environment protection, as well 
as in retrieval, exchange and assimilation of "green 
technologies“ and launching joint projects in various 
formats. 







Honorable Minister of Environment, Forest & 
Climate Change of India H.E.  Shri Prakash Javadekar 
has expressed interest to international cooperation 
in environmental remediating of water bodies in 
India. 


Indian presidency in BRICS in the year 2016 has 
denominated water issues among the top 
priorities. 


Indian Presidency in BRICS, 2016 







The FSBE “Information and Analysis 
Centre for Hydroeconomic 
Development" participated the first 
session of the Work Team of the 
BRICS Environmental “Green 
Technologies Platform” which was 
set up under the Clause 68, the Ufa 
Declaration of the BRICS Countries  
Leaders.  


A draft of the “BRICS Clean Rivers” Umbrella Program prepared by the FSBE “IA Center for Hydroeconomic Development” jointly 
with the UNIDO was presented  in course of events.  
The “BRICS Clean Rivers” Program will be an umbrella program, within the scope of which development and implementation of 
joint projects on environmental remediation of water bodies is planned to be carried out in the BRICS countries . 







In order to implement decisions of 
the first session of the BRICS Environmental 
“Green Technologies Platform”  Work Team 
and for aligning joint preparation of the 
umbrella program “BRICS Clean Rivers”, the 
FSBE “IA Center for Hydroeconomic 
Development”  together with the UNIDO 
Center for International Industrial 
Cooperation in Russian Federation, which is 
a part of UNIDO’s global network (United 
Nations Industrial Development 
Organization headquartered in Vienna), have 
prepared and signed a Joint Declaration 
aiming to establish the frames of 
cooperation between the UNIDO Center  in RF 


and the FSBE “IA Center for Hydroeconomic Development”  on preparation and subsequent implementation of the “BRICS Clean Rivers” 
Program, its ratification with the member countries and practical startup as well as development and implementation of bilateral and 
multilateral water management projects within the scope of the Program,  as well as other water-related issues. 







River Yamuna 







Landflood problems 
      During intensive snow melting in the mountains 


(April to September) the river is prone to heavy 
spates.  
 
Thus the State of Uttar Pradesh where it flows is 
often subjected to floods due to high water in the 
River Yamuna and its tributaries. 


Destructive force of the river is huge due to the 
poor condition of the irrigation system.  
 
Besides the river tends to frequent shifting of its 
current, thus  sanding fertile fields and turning 
whole villages into deserts and swamps. 







Figure 1 
 
Distribution of water from the Yamuna River 
 
 


Applications of water from the Yamuna River 


Figure 2 
 
Сities of the Yamuna River Basin with 
heaviest shares in river pollution 
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Proposed resolutions to River Yamuna problems 


- Analysis of the legislative and regulatory framework of 
India on use and protection of water resources; 


- Water economy, role of the water factor in the economy of 
the state of Uttar Pradesh; 


- Weighing the monitoring system, including hydrological, 
availability of systems for flood forecasting; 


- Water use, anthropogenic pressures to  water bodies, 
regulatory mechanisms; 


- Analysis of completed and ongoing programs and projects 
on mitigation of flood damages, comparison with 
international  practices. 


- Evaluation of water quality in the river Yamuna during 
floods and in a low-flow period 


 


Program 1.  
Mitigation of damages from flooding in the upper reaches 
of the river Yamuna. 


Program 2.  
Enhancement of water quality in the populated part of the 
river Yamuna. 







Proposed measures 


To look into the concept 
of the project To identify the key trends 


To set up a joint project 
committee, either bilateral or 
participated by international 


organizations: the UNIDO, the UNDP, 
the World Bank and other 


international organizations and 
institutions. 


To prepare a preliminary 
Feasibility Study, a Feasibility 


Study, to resolve issues of 
financing 


To consider the project 
on “Green technologies" 


platform 
Submission to Ministers 


Application to the BRICS 
New Development Bank Project implementation Monitoring and reporting 















BRICS UNIVESITY :  
NEW WINDOW FOR EDUCATIONAL 


COOPERATION 
Boris Zhelezov, HSE 







REASONS FOR COLLABORATION 


• New development requires developing new technologies and human capital. If this
development is to be joint one, collaboration in education and technologies is also
needed


• BRICS has recently started new infrastructural projects (most importantly NDB). Such
initiatives would need new professionals, who would know specifics of all BRICS
countries  (collaboration in education is useful)


• Many BRICS countries have shared important tasks of human development, struggle
against poverty etc. Thus, it is natural the BRICS universities to collaborate on social
functions of the universities, life-long learning, human development etc.


. 







REASONS FOR COLLABORATION 
 


• BRICS universities are still not visible enough in Global Academia. World academic 
rankings (QS, THE) do not really contribute to enhancing this visibility either, because 
tend to reinforce existing reputations (Matthew effect). Now, the BRICS universities could 
collaborate in enhancing their visibility (collaborative publications, exhibitions, network 
educational programmes)  


• BRICS universities have similar problems and tasks in creating international environment 
for their students (internationalization). It does make sense for them to collaborate in 
this aspect as well (academic exchanges)  


• For BRICS to work we should probably understand it not as simply another international 
organization and not as a rival to other organizations (G8 etc.), but as an alternative 
development pattern (collaboration in BRICS studies is needed)  


 







THE BRICS NETWORK UNIVERSITY PROJECT – THE MAIN PROJECT IN EDUCATIONAL 
COOPERATION OF THE BRICS COUNTRIES  


• Idea of the BRICS Network University was first time considered at the First Meeting of 
the BRICS Ministers of Education in UNESCO Headquarters (Paris, November 2013)  


• The initiative of the Network University was mentioned in Fortaleza Declaration 
(2014)    


• The NU has been mentioned in Brasilia Declaration of the Second Meeting of  
       the BRICS Ministers of Education (March, 2015)  
• The principles of creation were discussed during the conference “Education and 


Global Cities: BRICS perspectives” (May, 2015) Saint-Petersburg)  
• The Ministers signed MoU on establishment of the BRICS NU on November 18th, 


2015. 55 Universities have been chosen by the Ministries to participate. 
• April 7-8th, 2016 – the First Forum of the NU BRICS (Ekaterinburg). 44 Universities 


signed the Protocol of Joining the BRICS Network University.  







THE MAIN ACTIVITIES 
Master and PhD education  
• Design and Development of new study programmes   
• Development of academic mobility of the faculty  
• Providing joint supervision of PhD dissertations based upon collaborative research 
• Coordination of collaboration in the sphere of innovations, 
• especially of the collaboration, connected with activities of the students  







 
 
 


Knowledge Fields Priorities: 
1. Energy,  
2. Computer science and information security, 
3. BRICS studies,  
4. Ecology and climate change, 
5. Water resources and pollution treatment, 
6. Economics 







BRICS NU Principles of Management  
 
• National Coordinating Committees (coordination of the activity) 
• International Governing Board (overall responsibility and strategic 


leadership; national ministries are represented)  
• International Thematic Groups (activity within thematic areas) 







Chosen Universities  
  
 
.  







                                                                      RUSSIA 
HSE (Higher School of Economics) 6 priorities 


 
 


MGIMO University BRICS studies; Energy; Economics 
 


MSU (Moscow State University) 6 priorities 
 


MIPT (Moscow Institute on Physics and 
Technology) 


Computer science security; Water resources; 
Energy 


MISIS(National University of Science 
and Technology) 


6 priorities 
 


TPU (Tomsk Polytechnic University) 5 priorities (except economics) 
 


 


Chosen Universities  







Chosen Universities  
  
 
.  


RUSSIA 
PFUR (Peoples' Friendship University of 
Russia) 


5 priorities (except water resources) 
 


SPSU(St-Petersburg State University) 6 priorities 
 


ITMO University  Computer science; BRICS studies; 
 


UrFU (Ural Federal University) 6 priorities 
 


TSU (Tomsk State University) Computer science; BRICS studies; Ecology 
and climate change; Water resources. 


MPEI (Moscow Institute on Physics and 
Technology) 


Computer science; Water resources; 
Energy 


 







Chosen Universities  
  
 
.  







Chosen Universities  







Chosen Universities  







 
 
 


NEXT steps: 
• Meetings in India (before the 4th meeting of the BRICS ministers in education)  
• The first exchanges are supposed to start in January 2017  


 
More information is available at the official BRICS NU Web-page:  


 
www.nu-brics.ru  



http://www.nu0brics.ru





Thus, collaboration of the universities in BRICS countries do develop fast and in 
different directions.  
However, some strategic thinking is necessary and I would like to take this opportunity 
and invite everybody to participate in the attempts to understand what BRICS 
collaboration in education and research is about. 
 
 
 


THANK YOU FOR YOUR ATTENTION! 
.  
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The Lake Chany is situated in the south of  the West Siberia, Russian 
Federation. It drains an area of  27 340 km2 and covers an area about 
1500 km2. The water surface area of  the lake depends on the wet or 
dry climate cycling, the depth of  different parts is varied from 1,4–
1,9 to 4,8–8,5 m. Kargat and Chulym rivers are the main tributaries 
of  the Lake Chany. 


Figure 1. Lake Chany watershed


Figure 2. Lake Chany water level fluctuation


Table 1. Sample statistic parameters of  the main hydrometeorological
characteristics of  the Chany Lake 


The probabilistic forecast of  the terminal lake water level was carried 
out on the base of  well known dynamic lake water balance equation 
and Markov stochastic models of  the fluctuations of  water balance 
components – runoff, precipitation and evaporation.


PROBABILISTIC FORECAST 
OF THE LAKE CHANY WATER LEVEL


Elena Korobkina and Mikhail Bolgov
The main purpose of  Chany Lake level management is to keep 
optimal water level and salinity from the fisheries, agriculture and 
hunters point of  view. This optimal level was determined as 107.5 m 
BS. It is very important to develop stochastic models to be able 
forecast both annual and seasonal variability and make assessment of  
efficiency of  the lake level management. 


Table 2. Water management scenarios in the Lake Chany
watershed for the water level forecasting


Figure 2. Cumulative distribution function for the six scenarios 
of  water use in the Lake Chany watershed 


Suggested stochastic model for monthly flows fluctuation allows 
reproducing sequences of  random variables of  runoff  with 
properties of  observed time-series, in particular with values within a 
range of  season variations and with the same correlation between 
annual runoff  in adjacent years. Modeling of  precipitation and 
evaporation is based on the model with deleted seasonal component. 


The model calculations and water level forecasting for the Lake 
Chany executed for some water use scenarios showed that for a 
given operating conditions of  spillway, water levels will fluctuate in 
rather big interval. To stabilize the lake level the water transfer from 
other watershed(s) as well as reconstruction of  the existing hydraulic 
facilities (first of  all, spillway) have to be considered.


Characteristic
Parameters 


Mean Cv Cs/Cv R(1)
Runoff, m3/s 12,6 0,93 1,9 0,48


Precipitation, mm 342 0,22 4,5 0,11
Evaporation, mm 541 0,10 1,1 0,35


Water level  (1934-1972), m BS 106,2 0,19 4,8 0,90
Water level (1973-2006), m BS 106,18 0,1 1,3 0,81


1 Outflow regulator (orifice, 
spillway…)


crest level is 107,5 m


2 Outflow regulator (orifice, 
spillway…)


crest level is 106,5 m


3 Withdrawal 5% from the mean annual inflow to the lake


4 Withdrawal 10% from the mean annual inflow to the lake


5 Water transfer from other 
river basins


5 m3/s (if  water level in the lake is less than 107,0 m 
BS level)


6 Water transfer from other 
river basins


10 m3/s (if  water level in the lake is less than 107,0 
m BS level)
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Contact information
Water Problems Institute, Russian Academy of  Sciences
Tel. +7 499 1350406
E-mail: bolgov@iwp.ru, elenakorobkina@iwp.ru
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Session 8. 
“River transport in the 21st century”


September 29, 2016 
Room 432


14.00–14.20 Speed ships of a new generation for the organization of freight and passenger 
transport on inland waterways 
Igor Kuzmichev, Vladimir Etin, Alexander Malyshkin, Sergey Mitroshin (Volga State University 
of Water Transport, Russia)


14.20–14.40 The experience of the shipping company “Port Kolomna” in shifting freight traffic 
from land-based transport on inland waterways
Vladimir Alekseev (JSC “Kolomna port”, Russia)


14.40–15.00 Opportunities and areas for Russia’s scientific cooperation with BRICS countries 
in  the field of inland water transport 
Tatiana Pantina (Admiral Makarov State University of Maritime and Inland Shipping, Russia)


15.00–15.20 Free sections of rivers below the waterworks 
Maxim Bondarchuk (JSC “Giprorechtrans”, Russia)


15.20–15.40 Project Arctic Container line 
Vitaly Zbaraschenko (International Academy of Transport, Russia)


15.40–16.00 Innovative sulfur concrete composite materials for hydraulic engineering
Yury Vasiliev (Moscow Automobile and Road Construction State Technical University, Russia)


16.30–16.50 Influence of river transport on the socio-economic development of regions 
of Russia
Svetlana Lipina (Russian Presidential Academy of National Economy and Public 
Administration, Center for Strategic Management and Spatial Development  
of the Council for the Study of Productive Forces of the Ministry of Economic  
Development of the Russian Federation, Russia)


16.50–17.10 Application of composite materials in modern shipbuilding
Yury Gorev (Sredne-Nevsky Shipyard, Russia)


17.10–17.30 Advanced designs of fast passenger ships
Mikhail Smirnov (Krylov State Research Center, Russia)


September 30, 2016 
Room 432


10.00–10.20 Exploitation of Russian inland waterways: the case of the Administration 
of the Volga-Don
Oleg Shahmardanov (Administration of the Volga-Don State Basin Department of Waterways 
and Navigation, Russia)


10.20–10.40 The extension of navigation on the Northern glaciated rivers through the use 
of a routing channel in the ice of the ice sheet (on the airbag and displacement) 
in conjunction with tugs-pushers 
Evgeniy Malov (Krylov State Research Center, Russia)


1.
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10.40–11.00 Perspectives of international cooperation in the field of training of seafarers 
in the interest of the BRICS countries 
Sergey Baryshnikov (Admiral Makarov State University of Maritime and Inland Shipping, 
Russia)


11.00–11.30 Coffee break 


11.30–11.50 BRICS Cont Line 
Vitaly Zbaraschenko (International Academy of Transport, Russia)


11.50–12.10 Organization of unloading of oversized and heavy cargo arriving by water 
transportation
Vladimir Pismenskiy (JSC “Giprorechtrans”, Russia)


12.10–12.30 New paradigm of the use of inland water transport in supply chain logistics
Vladimir Persianov (Honored Scientist of the Russian Federation, Academician  
of the International and Russian Academies of Transport, Russia), Stanislav Goncharenko 
(LLC “Eurasian Transport Union”, Russia)


12.30–12.50 Logistics of cargoes delivery in the BRICS countries using water transportation 
Vladimir Klepikov (National Research University Higher School of Economics, Russia) 


12.50–13.10 “SIBERIA” – new form of transport 
Dmitry Nazarov (Samara National Research University named after Academician S.P. Korolev, 
Russia)


13.10–13.30 Application of a simulation model of multimodal freight transportation on inland 
waterways by motor and railway transport 
Anton Lutskevich (Krylov State Research Center, Russia)


Laser navy navigation – innovative trend in Russia: current state and 
perspectives of development.
Vitaly Saveliev (LLC “Laser and Innovative Technologies”, Russia)  
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Thematic section: "River transport in the 21st century" 


Title: "High-speed vessels of the new generation for freight and passenger transportation in 


inland waterways" 


Authors: Doctor of Sc., Prof., Rector of VSUWT, President of the association "Innovation 


Center of High-Speed Fleet" Igor K. Kuzmichev; Doctor of Sc., Prof., Vladimir L. Etin; Doctor of 


Sc., Prof. Alexander G.  Malishkin; PhD., Associate Prof. Sergey G. Mitroshin (VSUWT, Nizhny 


Novgorod). 


Basic research methods and research results or results of implementation. 


The purpose of the research: feasibility and environmental study of the possibility of using 


high-speed freight and passenger vessels in inland waterways in comparison with alternative means 


of transport. 


Abstract: The paper presents possible uses of new high-speed cargo catamarans,  catamaran 


ferries, hydrofoil craft, sidewall and amphibian hovercraft. The technical specifications, evaluation of 


economic efficiency, environmental safety of such vessels are presented. 







Theme of the presentation: Experience of shipping company “Port Kolomna” in changing 


the freight traffic from on land transportation to inland waters. 


 The process of transitioning our cargo traffic from being transported by land to inland waters 


transit is without doubt important. Even though in Russia there are over a 100’000 kilometers of 


usable inland waterways, the share of waterway freight traffic is only 1.5% from overall freight 


traffic across Russia. In contrast in Europe that share reaches 14% and they are striving to reach 


the 20% mark by the year 2030. The Russian government has created similar goal, which is to 


increase the overall volume of cargo being transported by water twice. The government does 


empathize that it should be the priority for the firms that transport cargo via water in Russian 


inland waters.  


 The reasons for transitioning from on land freight transportation to inland waters are rather 


obvious. One of the main ones is the fact that the European part of Russia is currently overloaded 


with cargo vehicles which cause a lot of inconveniences on the roads as they create traffic and 


cause damage to the road surface, this is clearly evident in Moscow and Moscow region. There 


are no such problems with water transport and there are plenty of other advantages over the on 


land cargo transport: there are next to no emissions from ships, the rate at which accident happen 


is significantly lower and the expenses on maintaining the waterways are relatively small in 


contrast to road maintenance. 


 Even though there are a lot of advantages to our method of freight transportation it is not that 


easy to convince the shippers to break their habit of transporting the goods by land, so there 


needs to be an extra incentive for the shippers in the form of a lower price then the competition is 


wiling to offer. 


 In pursue for the lower tariffs “Port Kolomna” chose to switch to more effective cargo ship 


fleet. The thing that defines “Port Kolomna” is the existence of a ship-building infrastructure, 


which makes us able to maintain and modify our current ships as well as building new and more 


advanced ones. The secret behind our high competitiveness is our ability to build and modify our 


ships to the exact dimensions in terms of width, length and sag that are optimal for the current 


economic conditions. Some generic types of ships and barges can be modified to lift up to twice 


as much load by increasing the rigidity of the ships frame. All the ship engines are swapped for 


newer, more cost effective ones that consume less fuel. All these things combined caused our 


efficiency to raise significantly and that in turn allowed us to lower the fares to the point where 


they have become lower then the fares of our on land competitors. Another advantage of 







switching over the freight transfer to inland water is the availability of large onshore cargo 


storage areas which can bet used all year round for unloading the cargo to the addressee, turning 


the seasonal disadvantage into an advantage. 


 This season as a result of our improvements to the fleet that have begun in the year 2010 and 


have improved the efficiency and the crying capabilities of our ships we have shipped over 


500’000 tons of freight around the Moscow region. That is the same as 25’000 trucks that would 


have caused traffic in Moscow and its surroundings.  


 “Port Kolomna” is currently successfully helping to improve the GDP in Moscow Region and 


we are constantly updating our fleet and creating the onshore storage areas to increase the freight 


traffic through the inland waters. 


 The role of the government in maintaining and improving the infrastructure on some parts of the 


waterways is rather obvious, but the government could also help the sector by creating some 


legal and financial regulation that would stimulate companies to switch to using waters to 


transport their freight, that is the way it works in EU. Without government subsidies it is 


impossible to build large logistic terminals. These subsidies have proven that they work as they 


helped us build new ships, but they are not available to everyone to claim. If these two things 


were to be addressed shortly, it would make the goals of increasing the volume of freight traffic 


by water twice an easily feasible task. 
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Opportunities and directions of scientific cooperation with BRICS countries in the 
sphere of inland water transport 


Scientific activities in Admiral Makarov State University of Maritime and 
Inland Shipping are performed for the purpose of preparation of scientific and 
research and educational personnel at the level of modern qualification 
requirements, effective use of educational, scientific and technical and innovative 
potential for development of the University as single scientific and educational 
complex. 


Main directions of the University scientific activity are implementation of Research 
and Development work (R & D work) according to public contracts and contracts with 
organizations, performance of research works within the individual plan of the teacher 
work, training of highly qualified personnel which is carried out by results of training 
programs of research and educational personnel in postgraduate study, training of scientific 
personnel in doctoral studies, coordination of dissertation councils work, publication of 
scientific works results; students scientific work; holding of conferences, seminars, 
exhibitions. 


The University has 19 scientific schools (9 scientific schools are recognized the 
leading by the decision of Scientific and Technical council of St. Petersburg Government) 
carrying out scientific research in the following directions: 


• waterways and hydraulic engineering constructions;
• water transport operation;
• automation and management of technological processes and technical systems


on the water transport; 
• economy and management on the water transport;
• technology of shipbuilding, ship repair and organization of ship-building


production; 
• ship power installations and their elements;
• electrotechnical complexes and systems;
• mathematical simulation, numerical methods and complexes of programs;
• geoecology.
BRICS countries have the developed network of the operated inland 


waterways and People's Republic of China wins first place in the world on their 
length. Admiral Makarov State University of Maritime and Inland Shipping is the 
leading industry higher education institution in the field of scientific research in the 
sphere of inland water transport and has modern scientific and laboratory bases 







that creates opportunities and conditions for the international sci-tech cooperation 
that is confirmed by wide experience of such cooperation. 


In 1998-2000 the University participated in researches on the TACIS 
program "Russian Waterways and Transport River Sea" financed by the EU. The 
chief project coordinator from the EU was "Scout Wilson Kirkpatrick & Со Ltd" 
(United Kingdom). Specialists of river ports, scientists of university, foreign 
specialists participated in the project. Under the TACIS program the University 
cooperated with German firm "Elmar Hertzog und Partner Management 
Consultants GmbH" (Berlin, Hamburg) when training experts of inland water 
transport. 


The University has cooperation agreements including in the scientific and 
technical sphere with 6 Dutch organizations, in particular, with STC-Group B.V., 
which is large educational and scientific holding.  


Since 1993 the University cooperates with the largest technical university of 
Holland - the Delft University of Technology, including on exchange of students, 
graduate students and employees. 


In 2013 when there was the year of Russia in Holland and Holland in Russia 
Admiral Makarov State University of Maritime and Inland Shipping together with 
General Consulate of the Netherlands in St. Petersburg and the company Blum 
Doza Niyenkhyaus held the large International conference "STRATEGY OF 
DEVELOPMENT FOR THE INLAND WATER TRANSPORT" devoted to 
Russia and Holland cooperation in navigation and shipbuilding. The conference 
was held at the high level with participation of a wide range of the Dutch 
specialists of branch including heads of the profile ministries and associations. 
Sponsorship of this conference was also actively given by the Dutch companies 
(Van Oord, Boskalis and others). 


Offers on implementation of scientific research in the field of inland water 
transport on behalf of BRICS countries (the main directions): 


• Researches implementation in the field of development and 
feasibility study of projects of the fleet development, infrastructure of inland 
waterways, handling equipment, communication and navigation 


• Assistance in development of Service regulations of the inland 
water transport of interested countries, development of suggestions for 
improvement of waterways management 


• Implementation of theoretical researches of the hydraulic and 
streamflow modes of the rivers and channels, development on their basis of 
practical recommendations for needs of navigation and other branches of 
water management 


• Development of the scheme of transport mastering of the 
waterway, including calculations of optimum dimensions of the navigable 
course and maximum permissible navigable depths taking into account 
ecological requirements 







• Implementation of researches, design and improvement of 
technical operation of all types of vessel of internal and coasting swimming, 
their power stations and other ship equipment 


• Researches implementation on development of an automated 
control system for vessels movement on inland waterways at the level of 
system of decision support 


• Researches implementation for creation of digital navigation 
charts for internal waterways, scientific and methodical maintenance of their 
application 


• Development of the draft of ecological safety of water transport, 
means of technical control and environmental protection on the water 
transport. 
Admiral Makarov State University of Maritime and Inland Shipping has 


opportunities and experience of the organization of seminars and symposiums on 
various questions of navigation on inland waterways, is ready to exchange of 
technical, production and organizational capabilities, knowledge and technologies 
(know-how), and also rendering educational and methodical services in questions 
of navigation on inland waterways. 
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MAIN DIRECTIONS OF THE UNIVERSITY SCIENTIFIC ACTIVITY 


implementation of Research and Development work (R & D work) according to 
public contracts and contracts with organizations; 


implementation of research works by the faculty members;  


training of highly qualified personnel in postgraduate and doctoral studies;  


coordination of dissertation councils activity; 


inventive activities and protection of intellectual property items; 


publication and approbation of scientific works results; 


holding of conferences, seminars, exhibitions; 


organization of student's research work. 
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SCIENTIFIC SCHOOLS OF UNIVERSITY 


The University has 19 scientific schools carrying out scientific research 
in the following directions :  


 
• waterways and hydraulic engineering constructions;  
• water transport operation;  
• automation and management of technological processes and technical 
systems on the water transport;  
• economy and management on the water transport;  
• technology of shipbuilding, ship repair and organization of ship-building 
production;  
• ship power installations and their elements;  
• electrotechnical complexes and systems;  
• mathematical simulation, numerical methods and complexes of programs;  
• geoecology. 


 9 scientific schools are recognized the leading by the decision of Scientific 
and Technical council of the Government of St. Petersburg 
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BRICS COUNTRIES HAVE THE DEVELOPED NETWORK 
 OF THE EXPLOITED INLAND WATERWAYS 
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THE MODERN SCIENTIFIC AND LABORATORY BASE CREATES 
OPPORTUNITIES AND CONDITIONS FOR THE INTERNATIONAL SCI-


TECH COOPERATION 


Admiral Makarov State University of Maritime and Inland Shipping has modern 
scientific and laboratory base that creates opportunities and conditions for the 
international sci-tech cooperation.  
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THE UNIVERSITY HAS WIDE EXPERIENCE OF THE INTERNATIONAL 
SCIENTIFIC COOPERATION IN THE FIELD OF THE INLAND WATER 


TRANSPORT 


In 1998-2000 the University participated in researches on the TACIS "Russian 
Waterways and Transport River-Sea" program financed by the EU, the chief 
project coordinator from the EU was the firm "Scout Wilson Kirkpatrick & Co Ltd" 
(Great Britain). 
 
Specialists of river ports, scientists of the University, foreign specialists 
participated in the project. According to the TACIS program the University 
cooperated with the German firm "Elmar Hertzog und Partner Management 
Consultants GmbH" (Berlin, Hamburg) when training specialists of inland water 
transport. 
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ADMIRAL MAKAROV STATE UNIVERSITY OF MARITIME AND INLAND 
SHIPPING HAS AGREEMENTS ON THE SCI-TECH COOPERATION 


WITH 6 ORGANIZATIONS OF HOLLAND 


The agreement signing with STC-
Group B.V., which is large 
educational and scientific holding  
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Since 1993 the University cooperates with the 
largest technical university of Holland - the 
Delft University of Technology, including on 
exchange of students, graduate students and 
employees 







2013 IS YEAR OF RUSSIA IN HOLLAND AND HOLLAND IN RUSSIA 
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The conference was held with participation of 
a wide range of the Dutch and Russian experts, 
including heads of the profile ministries and 
associations.  


Admiral Makarov State University of 
Maritime and Inland Shipping together 
with General Consulate of the 
Netherlands in St. Petersburg and the 
company to Blum Doza Niyenkhyaus held 
the large International conference 
"STRATEGY OF DEVELOPMENT FOR THE 
INLAND WATER TRANSPORT" devoted to 
Russia and Holland cooperation in 
navigation and shipbuilding 







Offers on implementation of scientific research in the 
field of inland water transport on behalf of BRICS 


countries (the main directions): 


Researches in the field of development and feasibility study of projects of the fleet 
development, infrastructure of inland waterways, handling equipment, 
communication and navigation 


Assistance in development of Service regulations of the inland water transport of 
interested countries, development of suggestions for improvement of waterways 
management 


Theoretical researches of the hydraulic and streamflow modes of the rivers and 
channels, development on their basis of practical recommendations for needs of 
navigation and other branches of water management 


Development of the scheme of transport mastering of the waterway, including 
calculations of optimum dimensions of the navigable course and maximum 
permissible navigable depths taking into account ecological requirements 


Researches, design and improvement of technical operation of all types of vessel of 
internal and coasting swimming, their power stations and other ship equipment 


9 







 
Offers on implementation of scientific research in the 
field of inland water transport in the behalf of BRICS 


countries (the main directions): 
 


Researches on development of an automated control system for vessels movement on 
inland waterways at the level of system of decision support 


Researches for creation of digital navigation charts for internal waterways, scientific and 
methodical maintenance of their application 


Development of the draft of ecological safety of water transport, means of technical control 
and environmental protection on the water transport 


Elaboration of the draft of tourism development on inland waterways 


The organization of seminars and symposiums on various questions of navigation on inland 
waterways 


Exchange of technical, production and organizational capabilities, knowledge and 
technologies (know-how) of concerned parties 


Provision of scientific and technical and educational and methodical services in questions 
of navigation on inland waterways 
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Project Arctic Container Line is a natural continuation of the centuries-old Russian efforts to 
develop the Arctic and including the implementation of the idea of creating a permanent 
navigation for the North - East passage from the Atlantic to the Pacific Ocean by the Arctic 
Ocean. Fragmentary development of the various regions of the Russian Arctic, related 
primarily to the northern delivery of cargo to the Arctic ports, including the year-round 
navigation in the Dudinka, the implementation of projects in oil and gas offshore and in the 
Arctic provinces of Yamal, the development of transit transport large vessels in the summer 
and autumn on the North sea routes allowed the Russian sailors to gain invaluable experience 
of navigation in the high latitudes, to intensify the work on the creation of efficient and 
reliable icebreaking cargo ships and create the conditions for monitoring ice formation and 
drift multi-year pack ice. In the face of continuing global warming and conservation in the 
winter-spring period in the past few years, only one year old, two-meter thickness of the ice in 
the waters of the Northern Sea Route is expedient to raise the issue of year-round swimming 
modern icebreaking cargo container within the Arctic Container Line (ACL). 
Cargo base for such lines formed on the basis of the existing transport and food procurement 
of goods from the European part of Russia on the Kamchatka, Magadan, Chukotka and the 
Kurile Islands. In a westerly direction within the program of import substitution - quite 
extensive amounts of seafood and potential cargo flows ores of rare earth minerals big bags 
for recycling in the European part of the Russian factories. 
Creating a sea corridor between the European part of Russia (Murmansk, Arkhangelsk) and 
remote regions of the Far Eastern Federal District (Kamchatka, Chukotka, Magadan) will 
significantly reduce transport and logistics component of the final price of commodity, 
provide stimulating the development of the Pacific coast of the Russian Federation and 
partially relieve the overloaded trans-Siberian highway for the transport service in Siberia. 
Weekly frequency of service on the line ACL can provide 6 ice-class container Arc7 
deadweight of 45 thousand tons and a capacity of 
2000 - 3000 TEU carrying capacity of approximately one and a half million tons / year in one 
end of the presence in the moment the annual cargo traffic in Kamchatka, Magadan and 
Chukotka to 3 million tons of containerized cargo. 
Besides containers, passenger facilities can be provided in the design of linear container, 
which will create the industry the high-cruise business in combination with the development 
of tourism in Kamchatka and Chukotka, will provide transportation of passengers and will 
allow a large enough scale to organize a seagoing practice nautical cadets of educational 
institutions with the average duration of the voyage Murmansk - Kamchatka 14 days. 
Regular swimming container ships along the Arctic coast of Russia creates conditions for the 
development of multimodal technology importation of small consignments into coastal ship 
items via helicopters that will eliminate the costs of organizing special expensive resupply 
flights to the unloading of goods on unequipped shore. 
As traffic development on CLA domestic coastal cargoes will be able to attract the line of 
goods of foreign charterers of the ATP and the US Pacific ports and Canada in the 
Scandinavian countries and Iceland, as well as the import of goods from Japan, Korea and 
China, for the recipients of European regions of Russia with transshipment in the Arctic 
container ships in Petropavlovsk in Kamchatka. 
Exports from the North-Western regions of the Russian Federation and Belarus to China and 
other Asia-Pacific countries should also be considered as a potential base for cargo CLA 
shipment from the port of Arkhangelsk and transshipment to regular shipping lines in 
Petropavlovsk. 
In addition, the timber potential of the Arkhangelsk region can become the general supplier of 
wooden house-building and furniture for Chukotka, Kuril, Kamchatka and Magadan region. 
Phased development of the national transportation corridor within the year-round Arctic 
Container Line will create prerequisites for the revitalization of the geological survey of 







 2 
promising but relatively little-studied areas of Chukotka with the aim of import substitution 
in the field of rare earth minerals by organizing direct calls of linear container ACL in 
Egvekinot port in the bay of the Cross on the south coast of the Chukchi peninsula. 
Construction of a deep-water container terminal in the Gulf to ensure that direct calls 
container ACL will not only realize the competitive transport offers services of geologists, but 
also create conditions for regular transport to ensure the supply of equipment for future 
Chukotka and Bering mining enterprises and the export of concentrates of rare earth minerals, 
ores (in big bags and containers) for processing in the European part of Russia. 
 
June 9, 2015 The International Academy of Transport, Moscow Vice President Mukta V. 
Zbaraschenko. 
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Influence of river transport on the socio-economic development of regions of Russia 


As part of the infrastructure of the economic complex as Russia as a whole, and in 


particular regions, river transport has an impact on the ability of the socio-economic 


development of the territories, including in the perspective distribution of productive 


forces in the regions of Russia. The report reveals the prospects of such areas on the basis 


of innovative standards and technologies, because the whole system of state management 


of innovation processes in the mandatory and priority order should be based on an 


innovative strategy of the state in general and the region in particular, without which it is 


impossible to imagine a real, profound and the long-term renewal of the economy and the 


whole of the social organism. 


Keywords: Strategic planning, spatial development, regional economics, river 


transport. 







Application of composite materials in shipbuilding 


 
JSC "Sredne-Nevsky Shipyard" (part of JSC "USC") – is the leader composite 


shipbuilding in Russia and one of the oldest shipyards in St. Petersburg. Shipyard 
was founded in 1912 and has built more than 500 ships and vessels by 43 
projects. Sredne-Nevsky shipyard is the only shipyard in the country that is able to 
build ships and vessels from all 4 main shipbuilding materials: composites, 
shipbuilding steel, aluminum-magnesium alloy and low-magnetic steel. 


Production capacities of JSC "SNSZ" allows to build ships and vessels up to 
100 m lenght, width of 16 m, draft up to 4.5 m and launching weight up to 2700 
tons. 


The advantages of using composite materials in the construction of ships: 
-Reduction weight of the hull 
-Improved performance characteristics of the vessel 
-Reduction of operational costs 
-Reduction of noises coming from vessel 
-Absence of restrictions in the design of the appearance of the vessel 
-Absence of corrosion. 
The main advantage of the composites lies not in the reduction of the ship’s 


building cost, but that composites provide significant savings in ship’s operation, 
particularly in comparison with the shipbuilding steel. Practically such ships 
doesn’t require any special care.  


A further advantage – weight of the ships.  The composite hull is 
significantly lighter than steel one. Having similar tonnage such ships requires less 
powerfull engines which reduces fuel consumption.  


Also goegraphical and climatic conditions puts heavy impact on operating 
costs of the vessels. The higher the temperature and humidity, the more active the 
corrosion is. So it is necessary to carry out work on the ship docking, cleaning and 
hull priming. 


Therefore, vessels from composite materials will be more operation rates-
worthy.  


Shipyard is now having all the basic methods for making large structures 
made of composite materials: 


- Contact molding, where reinforced materials manually placed 
andimpregnated with resin, 


- Infusion, where impregnation of the reinforcing material is carried out 
under vacuum 


- RTM and its modifications, where impregnation of the reinforcing material 
carried under pressure 


All mentioned techniques has been tested and developed to production 
orders and proven effective. 


Shipyard has bought advanced technological equipment of well-known 
manufacturers to brought cutting edge technologies into life. Part of the equipment 
was made specifically for SNSZ by custom designs and has no analogues in the 







world. For example the binder preparation installation with total amount of 25 tons 
and its supply to matrix as the part of panels manufacture line (installation 2KM) 


Modern composites production inevitably requires the use of automated 
production equipment. 


Since the product is made of composite materials created in conjunction with 
the design, product development is inevitably carried out in parallel with the 
development of materials and production technology. This is an iterative process to 
achieve the technical requirements to product requirements. 


All stages of design are already being implemented at the shipyard. The 
exception is the certification process which requires supervisory authorities, 
research centers and test labs. 


At the present time design and development process is not possible without 
modern software products. 


Shipyard has purchased and use software products of the world's leading 
software developers. 


Aveva, ProEngineering - for design documentation developing, construction 
of 3D models, control of technological equipment. 


FibersSim - to simulate the laying of glass and obtain information on the real 
reinforcement of curved designs. 


MSC Software - to carry out calculations of strength, stiffness, resilience, 
etc. 


PolyWorx - modeling for impregnation of the reinforcing material. 
Using these software allows in the shortest time to release the design 


documentation and prepare technologies for product and further manufacture. 
Implementation of new technologies has become possible only through the 


usage  of advanced composites from the original components. 
Currently, the shipyard consumes the following material in large amounts: 
- Vinylester resins of companies: Rayhold (Finland), Ashland (USA), 


domestic resins. 
- Reinforcing materials of: Ahlstrom (Finland), "Ruskompozit" "HC" 


“Kompozit” 
- Foam plastics of: Airex, Lantor, DIAB. 
By 2016, shipyard actually completed work on substitution of imported 


materials by its domestic counterparts for: flame retardant vinyl ester resin, 
multiaxial glass fabrics and carbon fabric. 


Nowadays experimental work on studying of the domestic brands of foam 
plastics "Akrimid" manufactured by "Research Institute of Chemistry and 
Technology of Polymers named after academic Kargin with a pilot 
plant "(Dzerzhinsk) is carried out.  


Large scale composite parts can be applied on virtually any ships and boats, 
including ones with a metal frame. 


Today the shipyard into the issues of providing civil market with new and 
innovative products that are in demand in the civil shipbuilding: high-speed 150-
pax passenger catamaran and a crew boat. 







Passenger catamaran type 23290 that is currently under construction at the 
Shipyard is a vivid example of the use of composites in the shipbuilding 
industry. Design and engineering of this catamaran was done entirely by JSC 
“SNSZ”. At the stage of preliminary design this type showed high efficiency in the 
use of composites. 


The vessel is designed to carry 150 passengers. The ship's length - 25.7 m, 
width - 9.3 m, draft - 1.5 m. 


Vessel's project is designed by taking into account the peculiarities of 
operating in the waters of river. Neva and the Gulf of Finland, including taking 
into account the need to fulfill the requirements for air draft, which is 5.5 m and 
which ensures passage of a vessel under the bridges. 


The cruising range of the ship is 1000 km. Maximum speed - 29.5 
knots. Catamaran can be operated at a wave height of 2 m (seaworthy 4 points). In 
the absence of such classes of vessels certification experience SNSZ together with 
RMRS developed requirements for materials and vessels made of them. 
Simultaneously to the design, composite materials and methods of their testing was 
created along with design rules and strength calculations, worked out procedures of 
certification in the Russian Maritime Register of Shipping. 


Catamarans have good maneuverability, steady hold on the course both on the 
front and astern, well-managed and well resist rolling in calm or rough water. 


Competitive streetlights in comparison with vessels type "Meteor" can be: 
high seaworthiness, small (up to 1.5 m) drought, lower operating and maintenance 
costs, high-speed, high passenger capacity, low noise, maintainability, usability, 
speed and safety of the landing and disembarkation of passengers, comfortable 
accommodation of passengers in the cabin, modern finishing standards, the 
possibility of placing on-board bar-kiosk that provides additional vessel 
operator revenues. 


Multipurpose boat project R1650 "Rondo" - an example of metal hull and  
composite superstructure combination. An effective way combination of price, 
ergonomics and vernal appearance of the product. 


Head boat of the  series was build on JSC "SNSZ" and commissioned to one 
of the governmental structures in 2015. The hull is made of steel and the 
superstructure and deck was made of fiberglass. Vessel features a small drought 
(1.15 m, good seating capacity, seaworthiness and autonomy). Boat speed is 15 
knots, cruising range - 300 miles, autonomy - 5 days. 


The boat can provide good conditions for 10 pax with 2 crewmembers.  
The design of the boat allows it to be freezing into ice during winter periods 


which significantly reducing its operating costs. 
Composite deck, cabin and rigging elements provides high quality boats 


finishing and low maintenance costs. 
Also currently JSC "SNSZ" is working by the following directions: 
Army Engineers Corps - protective personnel shelter. The shipyard is 


working on replacement of aluminum structures to composite ones. Advantages of 
composite structures over aluminum counterparts has already been proven.  







State Unitary Enterprise "Vodokanal" - development of tanks, pipelines 
for the storage of aggressive materials. Composites - the only effective solution to 
the problems of chemical corrosion. 


Former activities and experience clearly shows that procedures of 
certification and putting into production of newpolymer composite materials 
should be modified and enhanced. 


In the development of new technologies and composites two parameters are 
the priority: the quality and the price, surely with full compliance with materials 
safety.  


Increasing the number of construction orders stimulates shipyard to 
organize new productions. JSC "SNSZ"  tests transfer of licenses and new 
technologies developed by the shipyard, to the small and medium-sized businesses. 


Usually, putting new materials for the head order into production carried out 
directly at the shipyard. Then industrial technology being developed, all necessary 
technological and testing equipment purchased. Then all needed tooling also being 
manufactured.  


On the serial order of the plant before selecting a new production holds its 
certification to meet the requirements of industrial technologies, ie, shipyard must 
have all necessary production facilities, skilled manufacturing and engineering 
staff, streamlined production quality system, etc. 


At positive results of certification and after the legal registration of the 
relationship (supply contracts, license agreements, confidentiality agreements, etc.) 
personnel training to new technologies is carried out, new production receives new 
instructions and other regulations, delivered all necessary components (glasses, 
resins, foams) in accordance with the act of entrance control, leased manufacturing 
equipment and inventory. 


Further, under the control of the shipyard at the new factory produced the 
first commercial batch of material (initial batch), which is subject to the 
qualification tests for compliance with the design documentation. According to the 
results of the qualification test the decision on the production of new RMB on the 
new venture is made. Then, the company under the supervision of the 
shipyard transgresses to the manufacture and supply of RMB products and the 
shipyard for use in the production of their orders. 


Currently, shipyard organized two new production for the manufacture of 
the panels of the middle layer used in manufacture of the superstructure for 
corvettes type 20380. This scheme has shown high efficiency in construction 
orders. 


 







Innovative high-speed passenger vessels made from 
composite materials 


Saint-Petersburg 
2016 







  Sredne-Nevsky Shipyard was founded in 1912 near St. Petersburg on the 
Neva river as Ust’-Izhorskaya Shipyard of the Metal plant 


Background 


1914-1916 – Constructing the Orfey-class destroyers (8 ships) 
1930-1931 – Establishing of the electric welding laboratory by academic Vologdin and implementation of the 
welding for metal hulls repair 
1934 – First implementation of the electric welding in Russian ships construction (passenger ship 
Belorubitza ) 
1947 – First in USSR automatic welding and large-scale construction of ships by flow-line block conveyor 
techniques (Type 254, 264 minesweepers) 
1955 – First USSR construction of ships with aluminum-magnesium alloy superstructures (Type 523 salvage 
ships)  
1960 – First in the World construction of low-magnetic steel hulls (Type 266, 266М, 266ME minesweepers)  
1963 – First in the World construction of fiberglass hulls (Type 1252 minesweeper)  
2011 – First Russian solid fiberglass hull made with vacuum infusion method implementation (62 m long) 







Production facilities 


Total area – 33,4 Hectares 
Total workshops area – 151,6 thous.sq.m 
Incl. indoor workshops – 82,1 thous.sq.m 
 
Workshops areas allows to produce vessels with  
the following measurements : 
         
Length, m  - 100 
Width, m - 16  
Total weight, t - 2700 
 







Licenses and certificates 
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Advantages of composite materials 


Composite hull 


Lower weight 


Enhancement of exploitation characteristics of the hull 


Decrease of exploitation costs 


Lower noise levels 


Ship’s design options are nearly limitless 


Absence of corrosion 


Composite materials implementation allows 
to: 
- Enhance impact toughness by 20-30 % 
- Enhance fatigue limit by 50-200 % 
- Decrease weight by 10-30 % 
- Enhance compressive strength by 10-20 % 5 







 
 


 
 
 


 


Costs of construction and exploitation comparison 


Amount for 
aquisition 


Amount for 
exploitation 







 


 
 
 


 
 
 


Composite ships building process 
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Composite ships building process 
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Composite ships building process 
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Vessels built with composite materials  


 Length:             25,7 m 
 Width:             9,3 m 
 Draft:                           1,5 m 
 Speed:           29,5 kn 
 Main engine :            2 x 900 kWt 
 Passengers :               150  pax 
 Hull material :          carbon-fiber 


 Length :                  16,50 m 
 Width :                   4,35 m 
 Speed :                   15 kn 
 Main engine:       2 х 191 kWt        
 Crewmembers:     2     
 Passengers :          10 pax 
 Deck and superstructure 


material :                fiberglass 
 Hull material :       steel 


 


Passenger catamaran 
type 23290 Cutter type Р1650 Passenger vessel type А45-90.2 


 Length :                      73,4 m 
 Width :          11,6 m 
 Draft :                         1,5 m 
 Speed :          30 kmph 
 Main engine :       3 x 900 kWt 
 Passengers :              150  pax 
      Hull material :         steel 
      Superstructure material:        
fiberglass 







 


 
 
 


 
 
 


11 


Passenger catamaran type 23290 
Main characteristics  


length, m                                 25,70 
Width, m                                        9,30 
Draft, m                                          1,50 
Passengers, pax                            150  
Max speed, kn.                             29,5 
Engines            MTU 10V2000М72 
Generator output, kWt               2 х 900 
Crewmembers                               3 
Seaworthiness, pts                   4 
Operating range, km                    1000 
Classification – RMRS 
КМ     [2] R2-RSN MHC HSC Passenger A  
Hull material –                    carbon-fiber 


Carbon-fiber materials allows to decrease weight of the vessel (such 
vessels are 15-45% lighter than aluminum vessels of the same type) 


keeping the same durability.  







Passenger catamaran type 23290 
Competitive advantages over «Meteor» hydrofoil 


passenger vessel 


High speed 
Extended seaworthiness (4 Beaufort,  “Meteor” has wave limit-1,2 m) 
Small draft – 1.5 m ( “Meteor” has draft 2,35 m) 
Relatively low maintenance charges  (oil consumption – 7,74 g/h; fuel – 6,5 
l/km when “Meteor” has 6,7 l/km) 
Low service charges  (no corrosion) 
Low noise level 
More passengers capacity (“Meteor” can take only 116-128 pax) 
Maintain ability and highter reach (1000 km when “Meteor” has only 600 km). 
Modern design 
Comfortable boarding 
Comfortable cabin 
Modern standards of vessel dressing 
Ability to have vendor kiosk on board which provides additional profit 







 


 
 
 


Passenger catamaran type 23290 
Modern design 
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Passenger catamaran type 23290 
Passengers saloon 
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Passenger catamaran type 23290 
Inboard profile 
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Passenger catamaran type 23290 
Cabins dressing 
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Passenger vessel type А45-90.2 


• The vessel is designed to carry 150 passengers in cabins with high levels of habitability and 
comfort. It has high seaworthiness, fuel and operational efficiency 


• Constructive architectural style: monohull with two passenger decks, promenade deck and 
wheelhouse, located in the bow of the vessel on the deck of the superstructure, aft engine 
room, three-shaft diesel power plant 
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Passenger vessel type А45-90.2 


Vessel designed for transportation of passengers by internal waterways on 
distance up to 2200 km.  


Main characteristics 
Length, m                           approx 73,4 
Width, m                        approx  11,6 
Draught, m                                       1,5-1,6  
Board height, m                              3,3 
Speed, kph  30 
Wave height   2,0 
Cruising endurance, km                 2200  
Passenger capacity, pax                 150 
Rating agency RRR (Russian river registry) 
 
Navigation area : internal waterways and “O” 
category basins  with maritime regime of 
navigation 
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Passenger vessel type А45-90.2 


Main engine, kWt                                   3 х 750 
Type of engine              FBP 
Cruising capacity, days                           5 


Crewmembers                                         25 
Hull material              Steel 
Superstructure material   Composite 
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Passenger vessel type А45-90.2 
General layout 


Wheelhouse 1 deck:   
-18 double cabins 
-4 lux cabins 
-2 semi-lux cabins 
-cremembers cabins 
-rest area 


Stuff , service and  hygiene 
rooms. Storage rooms.  
 
 
Hallways, decks, lobbies,  
ladders 


 
 
Technical rooms 
 
 
Rest and meal areas for 
passengers 
 
Cabins for crewmembers and 
stuff 
 


 
 
Lux and semi-lux cabins 
 
 
Double cabins for passengers  
 
 
Four passenger cabins 


Upper deck:  
-25 four passenger cabins   -administrator desk 
 -cabin for disabled passengers   -crewmembers cabins 
-crewmembers mess    -medical room 
-luggage room 
 20 







Passenger vessel type А45-90.2 


• Passengers are accommodated in 25 four passenger cabins on the upper deck and 18 double cabins on 1st 
tier of deckhouse. 


• There are 4 lux cabins, 2 semi-lux cabins and 1 cabin for the disabled passengers. 
• Crewmembers (25) accommodated in single and double cabins (some cabins can be transformed into a 


quadruple). 
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Passenger vessel type А45-90.2 


• Total area of each cabin approx. 9 sq. m 
• The rooms are equipped with beds, a wardrobe, a desk with a chair, a mirror and a banquet.  
• Each cabin has an individual bathroom and an LCD TV. All rooms are equipped with air 


conditioning.  
• Design solutions and stationary folding beds, wardrobes, curtains windows, lighting systems 


combine functionality and aesthetics. 
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Passenger vessel type А45-90.2 
Options of exhibition area arrangement 


2nd tier of the deckhouse : 
-Restaurant for 46-134 passengers (depends on overall design), table store and bar, walking deck, open bar 
-exhibition area, can be used as restaurant or for exhibition purposes (banquettes, seminars, lections, film 
shows) 
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Passenger vessel type А45-90.2 


The restaurant is equipped with quadruple tables, air conditioning 
and audio-video equipment 
 


The corridors have a width of not less than 1 m which allows 
passengers to pass in opposite directions and perform emergency 
evacuation in normative terms. 
 
Disposition of the interior elements is carried out taking into 
account the expansion of the boundaries of the closed space. 
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Cutter type Р1650  «RONDO» 


Main characteristics 


Length, m                                         16,50 
Width, m                                       4,35 
Draught, m                                       1,15 
Displacement, t                        30,5 
Hull material   Steel 
Deck and superstructure  
material   Composite 
Passengers                     10 
Crewmembers                                 2 
Max speed, kn                     15 
Engines   FPT (IVECO)   
                                                            N28 MNT M28  
Power plant, kWt (hp)                2х191  (2х260) 
Endurance,  days                     5 
Area of operation, miles 300 
Navigability, pts  5 
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Cutter type Р1650  «RONDO» 


  Hull construction makes possible storage of the cutter on water with freezing into 
the ice which significantly lower costs of winter storage and overall exploitation. 
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Cutter type Р1650  «RONDO» 
Dressing and marine furniture 
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Cutter type Р1650  «RONDO» 
Additional equipment 


 
Availability of composite deck installed on metal flange allows quick adaption for customer’s 
requirements and therefore quick change the design itself.  
      
Composite deck, deckhouse and outfit elements provides high quality of finishing and low cost 
of maintenance. 
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Cutter type Р1650  «RONDO» 
Additional equipment 


      


-can carry small boat 
-bow-maneuvering device 
-set of automatic steering device 
-gyrostabilized heat and night vision camera Raymarine/FLIR T70118-PAL allows safe navigation at 
nights and twilight  
-Synthetic nonslip cover 
-teak cover 
-sockets for folding tables with teak tabletops  
-detachable sun-protective tents at aft deck and fly bridge  


-sun-protective roll-curtains made from fabric or reflecting membrane at wheelhouse  
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Solutions for maintenance of vessels made from  
composite materials 


• Warranty and aftersales vessels service 
• Repair on requirement 
• Crewmembers training 
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THANK YOU FOR ATTENTION! 







«Promising projects of high-speed passenger vessels for rivers and coastal waters» 


Sokolov Victor Petrovich – the chief designer of the Department of system integration 


Krylov State Research Centre 


Modern requirements for the design of high-speed passenger and cargo ships dictate with 


absolute assurance given comfort and safety for passengers the need for developers to use the 


most efficient technical solutions that reduce the cost of construction and operation of ships, 


improving their seaworthiness and efficiency. 


In the context of this report it is planned to introduce the key competencies and development of 


the Krylovsky centre in the design of future high-speed passenger vessels for rivers and coastal 


waters. Experience in the design, based on experimental studies, allowed KGNC to design ships 


with completely new fluid dynamics. A positive effect is achieved by the use of special forms of 


housing in conjunction with the propulsion of unconventional type. 


Used Krylov center of new technical solutions in the design of high-speed passenger vessels, 


ensure a high level of demand of the whole complex of technical, economic and operating 


characteristics, such as: 


1. High economic indicators; 


2. The ability to approach unequipped shore; 


3. Good seaworthiness; 


4. Comfort for passengers and crew; 


5. Reduced impact of ship waves on the environment; 


6. The simplicity of operation and high maintainability; 


7. The low construction cost. 







ФГУП «Крыловский государственный научный центр» 


Advanced designs 
of fast passenger ships 


1894-2016 







KSRC today 


 3500 employees, including 300 with Ph.D degree; 
 State-of-the-art engineering centre 
 Focus: high-tech product. 
 Development and implementation of relevant and 


comprehensive R&D solutions 
 Pool of scientific, technological and manufacturing 


know-hows 
 Unique test facilities 
 Compliance with international and Russian 


standards 
 
 







Owner’s vision of a good ship 
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High commercial efficiency 


Comfort and good habitability for passengers and crew 


Easy to operate and repair 


Ability to approach an undeveloped shore 


Seakeeping as per intended navigation area 


Low construction costs 


Environmental-friendly in terms of wave effects 


Our designs of fast passenger ships meet all the requirements of the owners 







Fast wave-piercing vessel Strela (Arrow) 
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Advantages 
 
Totally new design approach to fast 
displacement ships in terms of load 
distribution, hull shape, buoyancy and 
subdivision. 
 
Higher seakeeping and safety, lower wave 
resistance, lighter weight and lower power 
demand offer lower construction and 
operation costs 


 


Main data 
 
Length o.a.                       32 m  
Beam o.a.           5 m 
Draft                             0.8 m 
Speed                             25-30 kn. 
Cruise range                     up to 600 km 
Passengers                       up to 60 
Fuel supply                        up to 5 tons 


Operation area: inland waterways of European Russia, Siberia and Far East 







Fast modular catamaran Triton 
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Main data 
 
Length o.a.                                  19.5 m  
Beam o.a.                      9 m 
Draft                                         0.8 m 
Speed                                          27-28 kn. 
Passengers                                 up to 60 
Fuel supply                                 up to 1.5 t 
Provision and water supply        0.5 t   


Advantages 


• Low fuel demand and good seakeeping 
• Design and architectural solutions make 


this ship easy to repair and flexible to 
upgrade 


• Modular structure: separate modules can 
be transported by railroad and then 
assembled right in the water (with help of 
a crane truck) 


• Low wave generation (hull lines 
developed by RMTK)  


• Flexible functionality: passenger liner, 
excursion vessel (60 passengers), water 
taxi (20-30 passengers), cargo carrier (9-
10 t capacity), crew boat , ferry 


Operation area: inland waterways of European Russia, Siberia and Far East 







Amphibious ACV for all-year-round operation 
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Totally new design approach to ACV 
architecture: non-conventional arrangement 
of power plant and propulsion system 
elements 


Lighter hull and lower construction costs, wider application of different structural materials 
(metals and composites), enhanced repairability of ship and her equipment. 


Advantages 


Purpose 


Operation area: inland waterways of European Russia, Siberia and Far East 







Fast passenger catamaran Sapsan (Peregrine Falcon) 
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Advantages 
 


• Reliable, easy-to-handle and fuel-efficient 
ship with better seakeeping than similar 
ships both in Russia and abroad 


• Lower fuel demand and wave generation, 
higher seakeeping,  


• Higher transverse bending and twisting 
strength at the minimum weight 


•  Highly comfortable environment for 
passengers and crew due to low 
amplitudes of motions, low acceleration 
loads, noise and vibration. Vast passenger 
compartment with snack bar. Comfortable 
cabins for crew 


• Developed prototype will be the basis for a 
family of various fast sea-going ships 
 


Main data 
 
Length o.a.                      34 m  
Beam o.a.  8 m 
Draft   1.1 m 
Speed                              27-30 kn. 
Cruising range                  up to 1000 km 
Passengers                       130-150 
Fuel supply                  up to 14 t 
Provision and water supply 2 t   


Operation area: Littoral areas of the Black Sea and the Sea of Azov 







Fast passenger & car catamaran Persey (Perseus) 
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Features 


Passenger compartment with armchairs like 


those in airplanes, car deck, galley, 


restaurant, crew recreation cabins, oily 


water treatment system, reserve fuel tanks, 


oily water tanks 
 
 Main data 


 
Length o.a.                         64 m  
Beam o.a.                        17.2 m 
Draft                                            3.4 m 
Speed                          27-30 kn. 
Cruise range                         up to 1000 nmi 
Passengers                         250 
Cars        40 
Crew                                               14 persons 
Water and provision supply       2 t   


Operation area: Littoral areas of the Black Sea and the Sea of Azov 







Fast passenger-cargo trimaran 
Project 23250 
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Advantages 
• High speed AND seakeeping: impossible for 


other types of ships 
• Carrying capacity and cruise range several 


times higher than those of similar ships 
• Higher fuel efficiency than any existing ship 


with similar combination of parameters 
• Nearly design speed in developed waves 
• Draft allows mooring in all the ports with 


shallow depths 
 Main data 


 
Length o.a.    60 m  
Beam o.a.   17 m 
Draft     3.1 m 
Speed                                  30 kn. 
Cruise range, max                       1000 km 
Passengers                           150 
Fuel supply, max                         100 t 
Provision and water supply          17 t   


Operation area: southern seas of the Far East, the Baltic, the Black Sea 







Advanced R&Ds implemented in design 
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• Improved hydrodynamics, hull lines allow vortex-wave synergy 
• Highly efficient non-cavitating propellers, results of integrated 


optimization of propulsor and hull, along with improved transmission 


Ship 
theory 


• Non-conventional approach to transverse strength of catamaran: 
substructures work as box beams of connecting bridges, passenger 
compartment excluded from global bending 
 


Strength 


• Modular hull allowing flexible functionality 
• Optimal global design, passenger compartment located in the area of 


lowest acceleration loads 


Ship 
design 


• Efficient  sound and vibration isolation of passenger compartment on 
shock mounts 


• Highly reliable deadwood sealings 
• Advanced architecture of deadwoods and propeller shafts 


Hull 







Conclusion 
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Thanks to our profound experience of model testing and highly-qualified 
scientists, we can develop relevant integrated R&D solutions for fast 
passenger ships corresponding to global trends in this field 







ФГУП «Крыловский государственный научный центр» 


Thank you 







VOLGA-DON: Yesterday, Today and Tomorrow 
Volga-Don canal in 2012 will mark the sixtieth anniversary of the date of commissioning. Work 
on the channel design, which has become a key link in the waterway network linking the five 
seas of the European part of Russia, began during World War II. 
Construction, which lasted only 3.5 years, which is a unique period in world history, hydraulic 
engineering, completed in 1952. 
The design capacity of the channel 10.5 mln. Tons. 10.2 million were transported in navigation 
2010 tons, but you must take into account that 80% of the goods, which is more than 8 million 
tons are transported from the Volga to the Don, and only 20% -.. About 2 million tons -. In the 
opposite direction . When peering traffic flow of the Volga-Don canal today can transmit up to 
16-18 mln. Tons of cargo. 
Recall that VDSK is a complex system, which consists of 13 navigation locks, 3 pumping 
stations, 20 dams, 18 spillways and floodgates, 2 emergency repair fences. Channel 7 cross the 
railway and road bridges. 
In 2009, work began on the development and implementation of a comprehensive project for 
reconstruction of the navigable channel of Volga-Don. Work is carried out in two phases and 
include the development of project documentation and reconstruction of the waterworks, pump 
stations, creation of a unified automated information management system scheduling and 
monitoring structures state, equipment engineering and technical means of transport security, the 
reconstruction of the basin communication network and others. Start the upgrade of the first 
stage - in 2012, the objects of the second stage - in 2013. Completion of the whole complex of 
works is planned for the 2018-2019 years. 
We believe that the second line of the navigable channel of Volga-Don will improve the 
reliability and safety of the passage of ships. In addition, the second line of the channel need not 
only to ensure the growth of transport of goods, but also because it will allow without prejudice 
to the maintenance and repair of hydraulic structures to extend the navigation under favorable 
weather conditions. Today, the average duration of navigation on the Volga-Don Canal is 245 
days. 
To solve the transport security issues in accordance with the requirements of the RF Government 
on navigable hydraulic engineering structures (SGTS) FBU "Volga-Don" organized armed 
forces round the clock security of the FSUE "Protection" the Russian Interior Ministry and 
offices of FSUE "SVR Russian Ministry of Transport." In accordance with the requirements of 
federal law "On Combating Terrorism" and "On transport security" experts FBU regular work to 
assess the vulnerability of transport infrastructure and vehicles, and the development of risk 
mitigation measures. Also updating the work projects to equip transport infrastructure means of 
transport security. 
Integrated Security System (ISS) in conjunction with organizational measures is the modern way 
to prevent unlawful interference (ANV) (including terrorist acts) in respect of property, vessels 
and individuals in the SGTS. 
Work is carried out in stages. The priority is to create an integrated security system at the 
waterworks, which are located upstream reservoirs with a maximum volume. Work was carried 
out on the waterworks Volgograd (Volga River), Tsimlyansky waterworks (the Don), 
waterworks Voronezh (Voronezh River) and Bereslavskii Dam on the Volga-Don canal. In 
2011-2012, planned work on equipment engineering and technical means of protection Dividing, 
Ilevskaya, Nicholas and Constantine waterworks. 
Currently, works are carried out on the development of design documentation for the equipment 







remaining SGTS. 
In our department employs more than 1,600 people. Staffing Professional posts amounts to 
99.9%. This is mainly engineers of hydraulic, mechanical and power specialties, as well as 
officers and ratings of technical fleet. First of all, people are attracted to the stability and working 
conditions. The collective agreement reflected all points of the Federal branch agreement in the 
fields of inland water transport and education. Employees receive all that is provided by Russian 
labor legislation. 
 
The Administration attaches great importance to social stability in the collective regulation of 
labor relations, the timely prevention of collective disputes and conflicts. Of course, there are 
problems with the assistance of qualified professionals and graduates to work at facilities located 
in other areas and in rural areas. They are mostly related to the lack of housing and low wages. 
The priority of personnel policy of the Administration is to preserve the best traditions of the 
Navy, the continuity of generations and building a labor dynasties. To do this, the company pays 
for targeted training of children of its employees wishing to after graduation to work for us. In 
addition, the welcome commitment to distance learning skilled workers: Chiefs watches, 
plumbers, electricians. This is the most viable option, as we understand in advance what level of 
specialist obtain. As a rule, these workers already have the equipped life in those places, where 
the waterworks in need of certain frames. So, for the 2000-2010 biennium. FBU in "Volga-Don" 
were trained 154 people. Currently, 11 people are enrolled in universities. 
Today, the balance of SBD is 77 units of the fleet, supervised PPP. Of these, the technical 
assessment "Useful" states have 82%, or 63 vessels in the prohibited tehsostoyaniya are 14 units 
of the fleet. 
To keep the fleet in good technical condition are fit requires considerable annual capital and 
operating costs. Today, the court is required, equipped with modern navigation equipment with 
economical engines, tech universal hoisting devices and favorable conditions for seafarers, 
which will reduce the number of occupational diseases due to high noise levels and vibration. 
Great expectations related to fleet renewal, we lay on the Federal Target Program "Development 
of Transport System of Russia (2010-2015)", according to which for the FBU "Volga-Don" 
provides for the construction of service (maintenance) of new generation fleet of 12 units. 







«The extension of navigation on the Northern glaciated rivers through the use of a routing 


channel in the ice of the ice sheet (on the airbag and displacement) in conjunction with 


tugs-pushers» 


Malov Evgeny Vladimirovich – leading engineer 


Krylov State Research Centre 


Most of the Northern rivers has insufficient depth for efficient operation of a traditional 


icebreaking vessels. 


This is due to the physical phenomena of cavitation of the blades and the sucking action of the 


air to propellers that would limit the level effectively processed by the propulsion power and the 


thrust. Therefore, in a given thickness of ice there is always the maximum depth of the waters in 


which it is impossible to create the ice breaker of the traditional type, effectively destroying the 


ice cover. 


Requires the creation of additional devices, pre-destroying ice cover the front of the ship and 


ensuring its movement by reducing the forces of the ice resistance. 


These means are consoles icebreaking hovercraft (HDL). 


The problem is solved with the paps: 


- the extension of navigation in frozen rivers; 


- ice wiring of cargo ships in the extreme shallow water conditions; 


- increasing the icebreaking capability of icebreakers, by pre-breaking the ice before them; 


- Okaka ships in the backwaters; 


- early opening of the rivers and reservoirs; 


- the destruction of bridges, congestion, edge; 


- early descent of the ice in the rivers; 







 
  


 Sergey Olegovich Baryshnikov  


Rector  


Admiral Makarov State University  


of Maritime and Inland Shipping 


 


Perspectives of International Cooperation on 


Education and Training of Shipping Industry 


Personnel for BRICS  
The relevance of the issue of cooperation in the field of training of the 


shipping industry personnel in the interests of BRICS is primarily due to the fact, 


that all BRICS countries are maritime countries, with vast extent of their coast line, 


maritime borders, miles of the territorial waters and direct access to the majority of 


the seas existing in the world. 


Besides that, each country of BRICS has the widest resource of its inland 


waterways. Thus, China, Brazil, Russia and India are among the top ten countries 


having the greatest length of inland waterways. Moreover, China, Russia and 


Brazil are the top three countries having the greatest length of inland waterways in 


the world! Despite the fact that South Africa does not have great length of inland 


waterways, direct access to the Atlantic and the Indian Ocean, provides the country 


with substantial opportunities for the development of shipping. 


Such a favorable geo-position of each of the BRICS countries creates serious 


preconditions for establishing a system of the efficient usage of its water resources. 


It is obvious that efficient operation of any industry is impossible without highly 


qualified and well professionally trained specialists whose qualification and 


competence meets the highest world standards of training and the most advanced 


challenges of today. The shipping industry is the one, where the level of 


professional competence of an operator is directly related not only to the 







efficiency, but first and foremost to the safety, in the broadest meaning of this 


word. Here, even a small mistake of one person onboard or ashore can lead to huge 


losses. Not only the lives of individuals and economic efficiency depend on 


maritime safety, but also the environmental health of the world natural heritage.  


In my opinion, BRICS is a wonderful platform for international cooperation 


through the joining of the intellectual potential, experience exchange, joint projects 


and programs to improve the efficiency of the shipping industry personnel 


education and training. 


The shipping industry personnel education and training is primarily the task 


of water educational institutions, which provide training of marine personnel as 


well as the inland waterways personnel and the operators of the river-sea sector.  


Each of BRICS countries has its own system of education and training of the 


shipping industry personnel. Cooperation of BRICS countries in this area can lead 


to a significant enhancement of the shipping industry personnel education and 


training. 


I represent Admiral Makarov State University of Maritime and Inland 


Shipping, which is considered to be the oldest and the largest center of the shipping 


industry personnel education and training in the Russian Federation, providing 


training for the maritime as well as inland water operators of the shipping industry. 


Admiral Makarov State University of Maritime and Inland Shipping incorporates 4 


Institutes, 76 Research Chairs, College of Admiral Makarov SUMIS, as well as 6 


branches, allocated in various regions of our country. The Head educational 


institution of Admiral Makarov SUMIS is locate in Saint-Petersburg and comprises 


7 campuses.   


Annually at the University simultaneously study over 13,000 students, of 


which 9 000 are the students of the Head University. Also,  20 000 students are 


being trained through the Professional Development Programs. At Admiral 


Makarov SUMIS there is Federal Educational Methodical Association in the 


system of higher and secondary professional education in the aggregated group of 







the specialties training direction № 26.00.00: "Equipment and technology of 


shipbuilding and water transport". 


 It is necessary to note the achievements of the University in a wide range of 


scientific areas, including the development of the ship intelligent control systems,  


researches in the field of high voltage marine equipment, exploration of the 


Northern sea route, modeling of ports and approaches to them, and many other 


ones. 


  The University implements a broad range of international activities. 


Presently the University has more than 20 international cooperation agreements in 


action.  


The academic and professorial staff of the University takes its active part in 


the activity of the international organizations: International Maritime Organization 


(IMO), the Institute of Marine Engineers (IMAREST), the International 


Association of Maritime Universities (IAMU), Education in Inland Navigation 


(EDINNA),e Sail Training International (STI) and others. On the basis of 


contractual relations with shipping companies annually to 100 students are 


swimming practice on ships of foreign companies, such as Stena (Sweden), 


Boskalis (Netherlands), Nor-Gaz (Norway), Wessels (Germany) and others. 


On the basis of the contractual relations between the University and the 


shipping companies over 100 cadets annually have their OBT on board the ships 


of foreign shipping companies such as Stena (Sweden), Boskalis (the 


Netherlands), Nor-Gaz (Norway), Wessels (Germany) and many other. 


The Graduation Degree of Admiral Makarov SUMIS is valid and accepted 


all over the world. Our graduates are demanded and welcomed for employment by 


the leading shipping companies worldwide.    


Such a demand for the graduates of Admiral Makarov SUMIS is, to some 


extent, due to the fact that in addition to the state educational standard of the 


Russian Federation, the University meets the requirements of international 


maritime conventions (STCW, etc.). In addition to all the essential Russian 


accreditations, Admiral Makarov SUMIS is accredited by many foreign and 







international organizations. Thus, Russian as well as foreign shipping companies 


are aware that the education, the Graduation Degree and the certificates by 


Admiral Makarov SUMIS are in full compliance with the international standards. 


This is of the utmost importance under the modern conditions of shipping, when 


the industry is becoming more and more internationalized, and 70% of the 


maritime ship crews are multinational.   


Despite the fact that the Admiral Makarov SUMIS is a participant of many 


international projects and it is carrying out a broad range of its international 


activity, presently we cannot say that we have a cooperation with each country of 


BRICS. I would like to believe that the joint projects of Admiral Makarov SUMIS 


with the Universities of Brazil and South Africa will be launched in the near 


future. However, it would be appropriate to outline the activities and projects, 


which are presently being executed by Admiral Makarov SUMIS in cooperation 


with India and China.  


Presently the University enrolls over 400 international students from 35 


countries. The University has the experience of training students from BRICS 


countries, particularly the students from China and India for the major of 


Navigation, as well as the major of «Shipbuilding, ocean engineering and systems 


engineering of the marine infrastructure". Admiral Makarov SUMIS is ready to 


launch scientific and educational projects in cooperation with BRICS.  


Over 5 years on board the sail training ship “Mir”, where the cadets of 


Admiral Makarov SUMIS traditionally have their initial on board training, the 


University has been executing the project of intercultural awareness and 


international tolerance.  


The project annually welcomes on board the STS “Mir” students from 


various maritime educational institutions of the world. A unique atmosphere of 


truly international young seafarer’s crew is created on board the “Mir”. The 


project, called “Under the World Sails” was participated by the students from 


India for several times.   







Currently, the University is implementing a joint international project of 


researching the issue of on board training (OBT Project). The project is a joint 


scientific research, it is held under the auspices of the International Association of 


Maritime Universities (IAMU) jointly by the following Universities:  


1. Admiral Makarov State University of Maritime and Inland Shipping 


(Russia)  


2. John B. Lacson Foundation Maritime University (Philippines) 


3. Capt. D. Zhukov, Odessa National Maritime University (Ukraine) 


4. AMET University (India)  


5. Dr. Michael Ekow Manuel, WMU (Regional Maritime University, Ghana)  


Admiral Makarov SUMIS is closely cooperating with a number of foreign 


educational institutions, Shanghai Maritime University (China) is one of them. In 


2016 students of Admiral Makarov SUMIS joined the students-exchange program 


for Maritime Studies by Shanghai Maritime University “International Class”.  


 For the period from March 07 till June 10, 2016 the students of Admiral 


Makarov SUMIS took their 14 weeks course of the “International Class” for the 


following majors:  


- Marine Transportation in Navigation Technology – 2 students of Admiral 


Makarov SUMIS  


- International Maritime Business - 3 students of Admiral Makarov SUMIS  


- Marine Engineering – 2 students of Admiral Makarov SUMIS   


The students of Admiral Makarov SUMIS, who had their course of 


“International Class” at Shanghai Maritime University say that the knowledge, 


which they were provided with, the experience of studying and communication in 


an multinational team, the culture, history and modern life of China became a   


valuable experience and a bright event of their students life.  


          “Professional Development Programs” Institute is incorporated into Admiral 


Makarov SUMIS. There is Makarov Training Center operating at the basis of 







“Professional Development Programs” Institute and is the largest department of it. 


Makarov Training Center provides  training through over 100 professional 


development a programs and the simulator training programs. For 20 years of its 


operation Makarov Training Center has become one of the largest specialized 


training centers for the training of the shipping industry personnel.  


 Among the most relevant and promising for cooperation within BRICS there 


are the following programs implemented by Makarov Training Centre:  


- Oil spill response operations training; 


- Training of offshore personnel; 


- Ice navigation training (Navigation in the Polar waters); 


- Dynamic Positioning.  


In addition to practical training, Makarov Training Center has been 


implementing a complex of scientific researches, using the simulator equipment for 


the imitation modeling of the ships calling the ports, which are presently being 


built, or the shore terminals, which presently only exist as a project. On the bases 


of the research results, they work out recommendations, which are further on 


incorporated into the regulations and rules for navigation in those ports. 


 Training Center of Professional Development Programs for the Specialists of 


Water Transport provides retraining and advanced training of  the crew members 


of  inland shipping as well as the specialists who provide efficient and safe 


operation of shipping companies and shore based structures of inland waterways. 


The Center implements over 30 specialized programs.  


 All the above mentioned gives great opportunities for the development and 


implementation of joint projects within BRICS. 


 We are interested in the experience exchange with BRICS countries on 


the issues of the shipping industry personnel training as follows:    


- Inland Shipping Personnel 


- River/Sea Shipping Personnel 


- Offshore Personnel  


- Cruise Navigation Personnel 







- Port Logistics Personnel   


 In the future, I see the potential not only in the development of 


cooperation within BRICS countries in order to improve the quality of the shipping 


industry personnel training. I also see the opportunities for creating a complex 


system of interaction between the Universities of BRICS countries for the joint 


synergetic implementation of the challenges posed by the modern reality in front of 


the educational institutions of the shipping industry.   


 Admiral Makarov University of Maritime and Inland Shipping is ready 


for a dialogue. We welcome BRICS countries for cooperation through their 


educational institutions of the shipping industry, shipping companies and all 


persons interested in a constructive discussion, creation and implementation of 


joint international projects, aimed at training specialists for modern inland and 


maritime shipping industry. We also welcome you for joint scientific research in 


this area. 


   







 Perspectives of International Cooperation on 
Education and Training of Shipping Industry 


Personnel for BRICS 







BRICS  
Community of Maritime Countries 


Countries of 
BRICS 


Coast 
Line  


Inland 
waterways 


Seas and Oceans of BRIKS  
 


Brazil 7 491 км. 50 000 km. the Atlantic Ocean  


Russia  38 500 
км. 


102 000 km. 12 seas of the Atlantic, the 
Arctic and the Pacific Ocean 
(+ inland Caspian Sea) 


India 7 000 км. 6 083 km.  
  


the Indian Sea, Arabian Sea, 
the Bay of Bengal 


China 14 500 
км.  


110 000 km. Seas  of the Pacific Ocean:  
South China Sea, East China 
Sea, Yellow  Sea  


RSA 2 798 км. 550 000 km. 
  


the Atlantic and the Indian 
Ocean  







Rating  
№   Country  


Inland waterways  
length  (km.) 


1 China 110 000 
2 Russia 102 000 
3 Brasil 50 000 
4 USA 41 009 
5 Indonesia 21 579 
6 Columbia  18 000 
7 Vietnam 17 702 
8 Congo  15 000 
9 India 14 500 
10 Birma 12 800 


Inland Waterways of BRICS 







 Since 1809  
 Over 13 000 students annually  
 7 campuses in Saint-Petersburg 
 10 branches in Russia   


 


Admiral Makarov State University of 
Maritime and Inland Shipping 







Educational Institutions – Partners of Admiral Makarov SUMIS 


United States Merchant Marine  
Academy (Kings Point USA) 


Dalian Maritime 
Academy (China) 


The Shipping and  Transport  
College (Rotterdam, Netherlands) 


Kymenlaakso Applied Science 
University (Kotka, Finland) 


Yonkov-Vaptsarov  Naval  
Academy (Varna, Bulgaria) 


World Maritime University  
(Malmo, Sweden) 


Maine Maritime 
Academy (USA) 


Kazakhstan Transport Academy 
 (Kazakhstan) 


Gdynia Maritime 
Academy (Poland) 


Odessa National  
Maritime Academy (Ukraine) 


Estonian Maritime 
Academy (Tallinn) 


Chios Maritime 
Academy (Greece) 


Stord Haugesund  
University College (Norway) 


Admiral Ushakov Maritime State  
Academy (Russia) 


Admiral GI Nevelskoy Maritime  
State University (Russia) 







International Activity 


University is a member of: 
 
 Executive Committee of International Association of 
Maritime Universities (IAMU); 
 International Maritime Lecturers Association (IMLA); 
 Institute of Marine Engineering, Science and Technology 
(IMAREST); 
 Education in Inland Navigation (EDINNA) 
 Association of Marine Electronic and Radio Colleges; 
  International Sail Training Association (ISTA); 
 International Maritime Simulator Forum (IMSF); 
 STENA Association of Maritime Institutions (STAMI) 
acting under the patronage of shipping company STENA 
(Sweden) 


The University experts participate in Russian Federation 
Delegations in the regulatory organizations: International 
Maritime Organization (IMO) and International Labour 
Organization (ILO) 







Licensing & Certification 


1. License of the Ministry of Education of R.F. 
2. ISO 9001 Certification 
3. Accreditation: Swedish Maritime Administration, Norwegian Maritime Administration, The Nautical Institute, 


Hydrography Institute (Monaco), Telenor (Norway), AMERC, Marine Administration  (Netherlands), International 
Association of Maritime Universities (IAMU), Liberian Maritime Administration, Ministry of Education of Iran 







Initial experience of working  
and communication in a multinational crew on 


board the Sail Training Ship “Mir”  
   







OBT Project by IAMU   
   


Project members:  
1. Admiral Makarov State University of Maritime and Inland Shipping (Russia)  


2. John B.Lacson Foundation Maritime University (Philippines) 


3. Capt. D. Zhukov, Odessa National Maritime University (Ukraine) 


4. AMET University (India)  


5. Dr. Michael Ekow Manuel, WMU (Regional Maritime University, Ghana)  







 
 
 
 


Shanghai Maritime University 
  


Exchange Program  


of International Class  


for Maritime Studies 


14 weeks  


from  March 7th, 2016 to June 10th 2016  


- Marine Transportation in Navigation Technology – 2 students  


- International Maritime Business - 3 students 


- Marine Engineering – 2 students  


  







• Oil spill response operations training 
•  Training of offshore personnel  


 ( Basic Offshore Safety Induction & Emergency Training (BOSIET), Helicopter Underwater Escape 
Training (HUET), Dynamic Positioning, High voltage safety training, Movable ballast installation  


operations, Mooring Operations, Loading/Discharging operations for FPSO) 
• Ice navigation training 


 


Potential cooperation on simulator training for BRICS  







BRICS COOPERATION  
for shipping industry personnel education and training  


- Inland Shipping Personnel 


- River/Sea Shipping Personnel 


- Offshore Personnel  


- Cruise Navigation Personnel 


- Port Logistics Personnel   







THANK YOU FOR YOUR KIND ATTENTION!  


Admiral Makarov State University of Maritime and Inland Shipping 
Saint-Petersburg, the Russian Federation 


 
http://gumrf.ru/ 







"Logistics of cargoes delivery in the BRICS countries using water transportation" 


Klepikov V.P., doctor of science, professor of HSE 


 


Distinctive features of the BRICS countries are large water borders, presence of seaports, 


and significant dependence of these economies on goods transported by water. 


The world's biggest seaports and port transport infrastructure located in China. Russia, 


being one of three leading exporters of oil, developed extensive oil transportation capacities. 


Brazil is the TOP-2 exporter of iron ore. India is in the process of construction of the seaport and 


supporting infrastructure on the way of the global transportation routes. South Africa has a good 


chance to take a place among the countries which actively using sea transportation in the 


economy. 


For more than fifteen years transport corridor «North-South» links transportation systems 


of India and Russia through the Indian Ocean and Caspian Sea. Good perspectives have 


cooperation projects of Russia's Far Eastern ports with China ports in the Pacific Ocean. The 


world's largest ocean vessels are used in the transportation of iron ore from Brazil to China's 


metallurgical enterprises across Atlantic and Pacific Oceans. 


Transportation by sea, which is used to deliver huge consignments, is not possible without 


the supportive transport infrastructure and rolling stock. Firstly, ground and inland water 


transportation infrastructure as well as required rolling stock (riverboats, railway locomotives 


and railcars, belt conveyors and handling equipment, pipeline and road transport) provides the 


accumulation of large ship consignments for further deliveries by vessels from seaports. The 


next step is to unload and process delivered cargoes at the destination points. Finally, these 


goods should be transported to the enterprises located in these countries. Thus, having the robust 


transportation infrastructure leads to overall positive effects in the economy. 


Understanding this issue, China in a past few decades continuously improving its ports and 


supportive infrastructure with increasing pace. For a short time, they constructed and upgraded 


their inland water, rail, and road links connecting the major ocean ports with the internal parts of 


the country.  


In Russia, there was a significant expansion of ground infrastructure capacities focused on 


oil cargo deliveries. In addition to the existing rail infrastructure, several pipelines were built to 


ensure the delivery of oil cargo in the Far East, Black Sea and Baltic ports. Large marine 







terminals were constructed in the Far East, the Black Sea and in the Baltic region, conducted the 


development of railway infrastructure in the areas of major ports. 


Railway transport infrastructure linking Brazil ore mines with deep-water ports, can deliver 


about 130 million tons of cargo per annum. This country constructed unique deep-water ore 


ports. 


India not only builds new port terminals on the global ocean routes, but also constructs 


modern ground transport corridors in the direction of the largest seaports on the west of the 


country. 


Companies in the BRICS countries have specialized fleet that is capable of delivering huge 


variety types of the cargo. Capacities of the largest vessels is up to 400 thousand tons DWT. 


However, high-capacity fleet, large ports, and modern transport infrastructure cannot 


guarantee that transportation system will operate efficiently in a long term. Modern logistics 


methods should be utilized for stable and smooth operations of transportation system while 


making deliveries through international transport corridors. Logistics methods of cargo flows 


optimization (at international transport corridors level) allows to organize the process cargoes of 


transportation for the entire industries in the international intermodal connection (involving 


water and land transport). 


In this paper, the author presents his method to organize continuous and sustainable cargo 


delivery process from producers to final consumers utilizing existing transportation 


infrastructure and fleet/rolling stock. This method also allows modeling the functionality of the 


new transportation systems, which is important for the projects of the new enterprises 


development. 


The input data for this method is the cargo turnover of the existing or the new enterprise. The 


modeling results are: key parameters of ground transport infrastructure, essential logistical 


characteristics of marine terminals, and recommendations concerning the fleet required for the 


production delivery. 


Author used this method while organizing multimodal transportation process between 


industrial enterprises of BRICS and other countries in various projects of the “Multimodal 


transportation center” of Russian Ministry of Railways (RZD). All accomplished projects 


resulted in establishing of the reliable logistic schemes and improving the overall profitability of 


the involved enterprises. 







In the BRICS countries, there is room to improve the efficiency of the intermodal 


transportation process using various modes of transport for the existing and new enterprises. 


Therefore, the application of the proposed method for the existing and newly established 


enterprises can provide substantial economic benefits and improve the overall ecological 


situation by creating more efficient supply chains. 







"SIBERIA" - NEW FORM OF TRANSPORT 


D. Nazarov 


 


Annotation. Objective is to create a new vehicle that can be operated with high efficiency 


all year round in virtually all climatic zones of the world, including in the harsh conditions of the 


Far North, Siberia and the Far East. 


Keywords. THE WINGED HIGH-SPEED WATER TRANSPORT, EXPERIMENTAL 


RESEARCH, DESIGN, TRANSPORT EFFICIENCY, WIG. 


The task of research to create an aircraft that uses depending on the driving mode as the 


forces maintaining the static air cushion (takeoff and landing mode), and the move aerodynamic 


lift force platform and the wing, and the pressure arising between the relatively smooth surface 


(ground, ice, snow water and others) and the above structures of the aircraft ("ground effect"). 


The development of this project was provided for the approval of the State Innovation 


Program "Creation of ground-air vehicle (GAV) - Russia's new vehicle" (protocol review of the 


technical proposal of the RSFSR and the Government Decree RSFSR Council of Ministers # 


777-p for Moscow on July 17, 1991). Director-General of the program V. Nazarov was appointed 


as an author and chief designer of the project. 


This paper presents the results of the aerodynamic test model GAV -07-065 ("Siberia"). 


This unit is the smallest representative of the family of ground-air amphibian, which designed for 


regional transport. “Siberia” can carry 20 passengers with luggage or up to 2 tons of cargo and 


travel at speeds up to 250 km/h in difficult climatic conditions, regardless of the time of year and 


the state of the support surface (ice, snow, tundra, swamp, water, etc.). Estimated flight range 


without refueling is 2500 km. 


All countries participating BRICS are settlements located along the banks of rivers, lakes 


and coastal seas and oceans, the major highway will run on water and ice fields. Therefore, 


winged "Siberia" is equipped with the displacement volumes, providing buoyancy unsinkable and 


stability, while the sludge afloat does not exceed 0.5 meters. Landing on water is not a 


characteristic operation of passenger WIG. Embarkation and disembarkation of passengers 


carried in the vicinity of settlements, on land, access to which is carried out at low speeds using a 


static air cushion. 


Studies basic aerodynamic characteristics of the device were performed in the wind tunnel 


(ADT) T 3 SSAU using automated information measurement system, which is a multi-channel 


measurement structure, the foundation of which is the circuit board L-1250 [1]. 
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For that, research was made aerodynamic model of the device in a scale of 1:25. 


Aerodynamic research allowed determining the basic aerodynamic characteristics of the 


system: the critical angles of attack WIG at different heights relative to the screen, the maximum 


lift to drag ratio of the device close to the screen and on cruising mode, the most advantageous 


angle of pitch. The slope of the curves mz=f(α) leads to the conclusion of sufficient static stability 


of the device without the screen coverage in free flight [2]. 


In more detail aerodynamic test results are described in [3]. 


To identify the needs and the available engine power main propulsion depending on the 


mode and speed used approximate the methodology outlined in [4, 5]. When calculating the 


required power it takes into account the capacity required to create an air cushion, as a starting-


lifting apparatus device. 


To determine the average value required thrust for propelling a running time until 


reaching a technique described in the works off speed was used, as a first approximation [6, 7]. 


Transport efficiency GAV -07-065 "Siberia" defined design and technical solutions that 


provide a vertical take-off and landing on any relatively flat surfaces: snow, ice, water, marsh, 


arable land, tundra, steppe, desert. These solutions eliminate the need for the airplane and 


seaplane principles of takeoff and landing, thus reducing the dead weight of the GAV and 


increase weight of transported cargo, greatly simplify the design of load-bearing elements of the 


airframe. There is no to use a wheeled chassis types, with their rather complex mechanization. 


And most importantly - for the operation of the GAV does not require airports and runways. 


When traveling on the route GAV can stop at any site without contact with the supporting 


surface or landing on it. This quality allows GAV to carry out transportation in the most adverse 


weather conditions and to overcome the difficult parts of the route without transshipment to other 


types of vehicles (from warehouse to warehouse). It greatly simplifies operation in the 


wintertime, ensures trouble-free and vitality GAV in extreme conditions. 


These performance characteristics like the GAV did not have any of the existing modes of 


transport. In aviation, transportation costs increased by up to 30% due to the forced use of the 


services of airports and terminals, and 17% increases the cost of delivery of each cargo handling. 


Over the Arctic Circle in wintertime, the appreciation increases 2-2.5 times or, in principle, make 


it impossible to use the traditional types of vehicles. Economic efficiency of operation of WIG. 


For comparison, in transport efficiency are 3 similar vehicle type winged: 


Boat-winged MT1-BMW - Russia, Vasiliev E.V; 
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Winged "Oriole" – Kalganov VV Russia; 


 Winged "Petrel" Russia, Yakutia. 


In addition, the performance characteristics GAV compared with other class 


representative - on an air cushion device "Mars 2000". 


These studies confirm the technical possibility to create a vehicle that is compared with 


analogs may have advantages such as: 


• The highest-in-class cruising speed. 


• The largest distance flight. 


• The highest class in fuel efficiency on fuel consumption per passenger-kilometer. 


• The lowest cost per passenger-kilometer. 


In addition, the device type Siberia has an additional mode of movement - static air 


cushion allows you to overcome the most difficult sections of the route on a moderate speed, not 


moving at the same time in the displacement mode. 
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Ground-air amphibian 


New high-performance 
vehicle 







The problem - the lack of roads 
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Solution:  
 


Ground-air vehicle (GAV) 
• GAV uses a static air 


cushion during takeoff 
and landing. 


• Motion in cruise mode is 
performed using 
dynamic air cushion - 
"ground effect“. 


• Provided for a stable 
airplane mode at an 
altitude of 1000 m.   







Strengths of the project 
•Without basing Aerodrome.. 


 
• Year-round exploitation. 


 
•High speed. 


 
• Low cost transport. 


 
•High security  







Economic efficiency 
• GAV does not require a costly 


infrastructure. 
• High levels of payload. 
• Low cost of transportation of goods 


and passengers.  
• Long range flight without refueling. 
• The service life of the airframe to 30 


years. 







3D model 







Aerodynamic model GAV 07-065 


Protected by the RF patent 2317220 







Model in a wind tunnel 







Aerodynamic characteristics 







The choice of engines 







Analogs 
Boat-WIG 
MT1-BMW 


WIG craft 
«Burevestnik» 







Analogs 


WIG craft "Ivolga" 


Air-cushion vehicle 
"Mars 2000". 







Economic performance during the flight of 
1000 km 







Thank you for your attention… 
"The power of Russian Siberia will grow ..." Mikhail Lomonosov. 


+7 927 706 04 93 Dmitry Nazarov 


Competitive advantages 


• The highest-in-class cruising speed.  
• Maximum range of flight. 
• The highest-in-class fuel economy on 
fuel consumption per passenger-
kilometer.  
• The lowest cost per passenger-
kilometer.  
• Amphibious. 







«Application of a simulation model of multimodal freight transportation 


on inland waterways by motor and railway transport» 


Lutskevich Anton Mikhailovich – senior engineer 


Krylov State Research Centre 


Currently, road transport provides 83% of cargo transportation in the country. About 60% of the 


import cargo delivered to Russian ports and then transported by road. The share of freight falling 


on inland water transport, is much lower. It is obvious that such a low use of inland waterways 


(GDP) does not correspond to national interests.  


The report highlights the possibility of increasing the share of transportation in GDP due to the 


use of multimodal transport technologies. 


The role of the implementation of innovative transport technologies that meet the best world 


achievements, especially in conditions when the provision of optimization of the technological 


interaction between various types of transport and all transport process participants is among 


obsecenity the results of the implementation of the Transport strategy of the Russian Federation 


(RF) for the period up to 2030. 


MTS-model is based on the integration of the solutions of the following subject areas: GIS 


environment (GIS), shipbuilding discipline, dynamic simulation model (IM). 


A study of the fleet operating in the software package "MTS-model" is based on the fact that the 


ships are represented as independent objects moving and interacting in GIS environment is 


controlled by logic blocks of the dynamic simulation model. 


The GIS environment in which the simulated movement of the vessel contains layers that form 


the geographical space for navigation; layers and databases of natural conditions necessary for 


the calculation of the motion parameters; zones with special economic conditions or logical 


constraints. 


Shipbuilding disciplines are used in three areas: the calculation of the performance of courts in 


all working conditions; identification of the main characteristics of ships of different types; 


technical and economic analysis. 


Obtained results of research of parameters of MTS are a basis for decision-making at all stages 


of the life cycle, from early stages of the development of projects of ships and coastal 


infrastructure to the solution of operational tasks. 
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ФГУП «Крыловский государственный научный центр» 


Use of simulation models 
for multi-modal cargo shipments 


via inland waterways 
in combination with road and rail transport 


 
А.М. Lutskevich  
Leading Engineer, Civil Ship Systems’ Integration Division 


Moscow – St. Petersburg, 2016. 


FSUE "Krylov State Research Center" 
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Consumption of energy producing materials in Russian Arctic: 
Geography overview 


The main trends of development of the Arctic waters: 
mineral resources, shipping,  securing of Russia state interests. 


Murmansk Region  (abt 3000 people) 
“Northern Supply Haul” Regions 


Arkhangelsk Region   (abt 3000) 
Nenets District  (abt 42000) 
Yamalo-Nenets District  (abt 546000) 
Krasnoyarsk Territory   (abt 238 000) 
Sakha Yakutia Republic  (abt 37000) 
Chukotka District  (abt 49000) 
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RF Defence Ministry Infrastructure facilities 
LEGEND 


Emergency response & rescue centers 
On-shore hydrocarbon fields 
Offshore hydrocarbon fields 
Offshore licensed blocks 
NSR transport routes 
River fairways 
Waterway/rail hubs 
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Comparison of power requirements for various regions and 
consumer groups in Russian Arctic with logistics considerations 
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NORTHERN SUPPLY HAUL – 2015 
Fuel delivery volumes by regions, ‘000 tons 


Дизельное топливо 


Твёрдое топливо 


15% 


85% 


Share of waterway transport in 
NORTHERN SUPPLY HAUL 


Морфлот Речфлот 


The NORTHERN SUPPLY HAUL cargoes are mainly delivered via 
inland waterways, including small rivers. In particular it applies to the solid 
fuels rather than to diesel oil. 


Single major consumers may have essential influence on the overall 
level of energy consumption in a given region. E.g., for Yamalo-Nenetsk 
District the total annual diesel oil consumption could be abt 80 000 tons, 
Novy Port terminal (port icebreakers) – 15…20 000 tons, offshore platform 
of  Prirazlomnaya class - 20…30 000 tons. 
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Application of mathematical modelling tools for simulating 
Waterway Transportation System 


Consignor 


Long-distance 
air transport 


Consignee 


Air transport of 
local traffic 


Short-haul trucks 


Other short-haul 
transport 


… 


Road transport 


Rail 


Transshipments for delivery 
to Far North 


Transshipments at the Far North logistic hubs  
for delivery to end consumers Application of 


mathematical modeling 
tools for simulating 


waterway transportation 
systems 


Water transport of 
local traffic 


Maritime 
transport 


River transport 


Maritime transport 
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The range of problems in studies  
of Waterway transport systems for Arctic and freezing waters 


 Interaction of plural infrastructure 
assets 


Multi-factor environmental issues: 
ice, waves & winds, water depth, 
navigation constraints, weather 
windows of ports & terminals 


 Range of conceptual WTS options: 
alternative vessel types and other 
WTS logistic elements, direct or 
transshipment delivery schemes, 
year-round/summer navigation, etc. 


 Interfacing with other transport 
systems for multi-modal cargo 
operations 


Projects dealing with waterway transport systems (WTS) for Arctic and freezing waters 
have to meet a range of challenges and consider a multitude of factors:  


“Easy” approaches (analytical models, statistic estimates) fail to provide 
answers to “difficult” questions of modern WTS designed for freezing 
waterways as required for proper comprehensive analysis of WTS 
operation. 
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The concept of software solution 
for simulation modelling of waterway transportation system 


In WTS simulations the vessels are represented as independent assets running and 
interacting in geoinformation environment. 


The software suite developed at Krylov Centre enables to address and resolve all 
WTS aspects. 


The novelty and efficiency of this approach is achieved by integration of “ship 
design” and “fleet management” tools to provide a synergetic software solution using 
state-of-the-art computer techniques. 
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Dynamic simulation models 


Stochastic modeling 
of environmental 
conditions 


Efficient ship 
traffic control 


Planning (routing) 
of shipments Modeling of 


weather windows 


Terminal 
storages 
filling level 
dynamics Ice channel 


freezing model 


Ship traffic 
parameters 
dynamics data 


Operation 
logging  
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SM Case study for WTS analysis: 
Modelling of WTS to examine how disposal of man-made wastes  shipped from  
the Arctic region may affect the Northern Supply Haul tasks (1) 


GIS-environment showing ship movements in WTS simulation model (Northern Supply Haul) 
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SM Case study for WTS analysis: 
Modelling of WTS to examine how disposal of man-made wastes  shipped from  
the Arctic region may affect the Northern Supply Haul tasks (2) 


Example of SM operation log : 
No.10 vessel (“Grumant”-type dry cargo 
vessel) starting point of experiment: 01 
July, at Murmansk port, embarks on a 
number of voyages, then returns to 
Murmansk. Total fuel consumption (see 
Table 12) is 1394 t, total NSH time – 
109.6 days (01 July to 28 September).  


Ship load condition by types, cargo transportation and fuel consumption data. 
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SM Case study for WTS analysis: 
Differentiation of  requirements for integrated fuel supply vessel (IFSV) 


The WTS analysis for integrated fuel supply suggested that two IFSV of radically different types 
(larger and smaller in size) should be designed for liquid fuels supply to consumers across 
freezing seas. 


IFSV for delivery of liquid fuels 


Relatively large-size vessel of a high ice class for 
Northern Sea Route 


 


• Ice class at least Arc7, draft at least 7 m, high 
maneuverability in open and ice-infested water. 
Year-round operation or significantly extended 
navigation season. 


• Operation in deep-water harbors only. 


• Independent navigation in Arctic seas and in 
NSR without icebreaker assistance. 


Relatively small-size shallow-draft vessel of a 
moderate ice class for operation in non-Arctic 


freezing seas and in summer-season Arctic. 


• Operation during navigation period only 
because of ice class limitations due to shallow 
draft. 


• Ability to operate in shallow fairways and 
harbors. 


• Ability to operate in non-Arctic freezing seas as 
well as inland waterways. 
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SM Case study for WTS analysis: 
Statement  of requirements for development of integrated fuel supply vessel (IFSV) 


IFSV for Russian Arctic 


Definition of 
potential 


consumers and 
types of cargo 


Definition of IFSV 
applications, 


missions & tasks 


Definition of 
requirements for 


high ice-class IFSV 


Development of vessel 
for supply of solid fuels 


to end consumers 


Development of 
IFSV for inland 
waters of Arctic 


basin 
Development of IFSV for supply of liquid 


fuels to shallow-water ports during 
navigation season & across non-Arctic 


freezing seas 


Development of high 
ice-class IFSV 
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Class notation (RS):  
KMArc 7 [1] R1 AUT1 OMBO ANTI-ICE LI IGS CCO ECO-S 
WINTERIZATION (-30) Oil tanker CSR / Supply vessel (ESP) 
 
Length OA, m 131.0 
Length BP, m 121.4 
Beam OA, m  20.1 
Draft, m 7.5 
Crew & guests  14+2 
 
Cargo capacity, t  7200 
Economic speed in open water, knots  12 
 
Tankage 
Q-ty, pcs 8 
Total capacity, m3 7800  
 


Main engine 
Three medium-speed four-stroke diesel generators 
MAN 7L35/44DF  
Maximum continuous rating, kW  3х3570 
 
Harbor diesel generator 
q-ty 1 
Diesel drive MAN 6L28/32DF  
Electric power, kW 1200 each 
 
Boiler installation 
Steam boilers, pcs 2 
Performance, t/h 6.3 
 
Pollution control: 
Scrubber, capacity, kg/s 32.3 
SCR systems, capacity, kg/s 4 х 8 


SM Case study for WTS analysis:  
Oil tanker / supply vessel (Pr.50410) 


The vessel is intended for year-round shipment of liquid fuels (including MDO, IFO 30LS, IFO 180), bunkering of vessels and 
offshore platforms in the northern waters (mainly in Ob & Taz Bay, near Sabetta and Novy Port), supply of fuels to on-shore users as 
well as for Northern Supplies Haul. 


The vessel will additionally take and process oily water 
from bunkered vessels, skim oil slicks as well as collect oil 
containing water from other oil spill response vessels for on-
board treatment or storage and transfer ashore. 


Green ship design including operation on heavy fuels, 
diesel oil and LNG (“LNG ready” as per DNV GL). vessel meets 
current and prospective MARPOL & Polar Code requirements for 
discharge & emission of harmful substances. 
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SM Case study for WTS analysis:  
LNG bunkering vessel (Pr.50408) 


Length OA, m 92.3 
Length BP, m 83.8 
Beam OA, m  16.6 
Draft, m 3.6 
Deadweight, t                     1630 
 incl.: 
 cargo, t  1248+210 
 fuel oil, t      136.4 
Economic speed in open water, knots  9 
Crew                                                                         10 
 


Class notation (RS): 
КМIсе3 R1 AUT1 OMBO ANTI-ICE LI IGS CCO ECO-S 
WINTERIZATION (-30) Oil tanker (>60 °С)/Gas type 2G (methane) (ESP) 
 


Tankage: 
LNG (design pressure), m3 3000 
Cargo tank, m3 240 


Cargo pumps for LNG / fuel oil 
Q-ty, pcs 2 / 2 
Actuator type                                                                            motor 
Capacity, m3/h, each 250 / 40 
Main engine 
Type   
Four medium-speed four-stroke diesel generators 
Wartsila 6L20DF 
Maximum continuous rating, kW                                             4х960 
Electric power, kW, each  920 
 
Emergency diesel generator 
Type  
Electric power, kW 150  
 
Boiler installation –  two thermal boilers 
Thermal power, kW, each 800 


The vessel is intended for bunkering of large- and 
medium-size gas-fuelled vessels: supply of bunker LNG & pilot 
fuel, receiving LNG, operational & service gas cooling. 


Vessel can be used as a small feeder LNG tanker or 
mobile power-generation module. 


Vessel can operate in the Unified Deep Water System of 
European Russia (inland & trans-basin voyages). 
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Length OA, m 141,1 
Length BP, m 135,8 
Beam OA, m  16,6 
Sea/river draft, m 4,7/3,6 
Crew + guests  14+4 
 
Deadweight, sea/river 
 cargo, t  5975/3330 
 fuel oil, t                                                  300.3/215.7 
 
Economic speed in open water, knots  11 
 
Class notation:  
KMIce2 [1] R1 AUT1 Gas carrier type 2G  
(minus 163 °C, 10 bar) 
 
Tankage 
Q-ty, pcs 3 
Total capacity, m3 6960   
 


Cargo pumps for fuel oil 
Q-ty, pcs 6 
Actuator type                                                                  motor 
Capacity, m3/h, each 100 
 
Main engine 
Two medium-speed four-stroke engines 
Caterpillar 3512B 
Maximum continuous rating, kW  2х969 
Diesel oil consumption  
In transit , t/day 15 
 
Diesel generator 
Q-ty 4 
Diesel drive type                                                  Caterpillar С18 
ACERT 
Electric power, kW, each,  450 
 
Boiler installation 
Water-heating boilers, pcs 1 
Thermal power, kW 500 
 


Vessel is equipped with three C-type cargo tanks to carry broad range 
of liquefied gas types (LNG, ethane, ethylene, LPG and ammonia), as 
well as  a range of liquid chemicals.  


Vessel can operate in the Unified Deep Water System of European 
Russia. 


Vessel can be used as element of bunkering infrastructure for gas-
fuelled vessels in the roles of feeder LNG tanker (LNG supply to 
consumers) or special-purpose LNG bunkering barge for large and 
very large gas-fuelled vessels. 


SM Case study for WTS analysis:  
Sea/river gas carrier for shipping various liguefied gas cargoes (Pr.50401) 
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Conclusions 


 
• Waterborne transport is the most economical and environment-friendly type of modern transportation 


modes. 
• At present the intensity of use of waterways (inland waterways, in particular) falls short of their 


transport potential  failing to meet national interests. 
• Waterborne transport will be a more attractive option if integrated into multi-modal transport 


framework. 
• Dynamic simulation models of waterway transport systems enables to take into account time-


dependent factors and logic behind ship traffic, interactions between individual vessels and other 
elements of the overall transport system, which radically improves the quality of predictions as 
compared   with  statistical models of freight capacity analysis. It also provides good opportunities for 
efficient integration of waterway transportation systems into higher level multi-modal schemes. 


• The parameters of waterway transport systems drawn from  mathematical modelling can be used as 
solid basis for decision making process at all stages of the lifecycle, starting from the early definition 
of WTS characteristics followed by design of vessels and infrastructure assets optimized for the given 
WTS and, finally, development of operational solutions. 


• Dynamic simulation techniques provide confident and comprehensive results not achievable by 
earlier used methods.  


• Multi-modal systems integrate diverse subsystems, calling for coordinated efforts of experts to ensure 
their efficient functioning. The experience gained in optimization of waterway transport system should 
be applied for holistic optimization of the multi-mode transportation system through better 
coordination of its subsystems. 
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THANK YOU! 
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ФГУП «Крыловский государственный научный центр» 


Применение имитационной модели 
при мультимодальных перевозках грузов 


по внутренним водным путям с использованием 
автомобильного и железнодорожного транспорта 


 
А.М. Луцкевич 
Ведущий инженер отделения управления системной 
интеграцией в области гражданского судостроения 


Москва – Санкт-Петербург, 2016 г. 
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Потребление энергоносителей в российской Арктике: 
географический аспект 


Основные направления освоения арктических вод: 
 добыча полезных ископаемых, судоходство, обеспечение государственных интересов. 


Мурманская область  (ок.3 тыс.чел.) 
РЕГИОНЫ, ОСУЩЕСТВЛЯЮЩИЕ "СЕВЕРНЫЙ ЗАВОЗ" 


Архангельская область  (ок.3 тыс.чел.) 
Ненецкий АО  (ок.42 тыс.чел.) 
Ямало-Ненецкий АО  (ок.546 тыс.чел.) 
Красноярский край  (ок.238 тыс.чел.) 
Респ. Саха (Якутия)  (ок.37 тыс.чел.) 
Чукотский АО  (ок.49 тыс.чел.) 
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Развертываемый объект инфраструктуры МО РФ 
УСЛОВНЫЕ ОБОЗНАЧЕНИЯ НА СХЕМЕ 


Комплексный аварийно-спасательный центр МЧС РФ 
Освоенное береговое месторождение углеводородов 
Освоенное шельфовое месторождение углеводородов 
Лицензионный участок на шельфе 
Маршрут транспортного коридора СМП 
Судоходный участок реки 
Пересечение водных путей и железнодорожных магистралей 
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Соотношение потребностей различных регионов и групп 
потребителей в российской Арктике с учетом логистики 
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Мурманская обл. Ненецкий АО Ямало-Ненецкий АО Красноярский край Респ. Саха (Якутия) Чукотский АО 


СЕВЕРНЫЙ ЗАВОЗ – 2015 
Объемы поставок топлива по регионам, тыс.т. 


Дизельное топливо 


Твёрдое топливо 


15% 


85% 


Доля видов водного транспорта 
в СЕВЕРНОМ ЗАВОЗЕ 


Морфлот Речфлот 


Большая часть грузов в СЕВЕРНОМ ЗАВОЗЕ достигает 
получателей по рекам, в т.ч. малым. К твердому топливу это относится 
в большей степени, чем к дизтопливу. 


Отдельные крупные потребители могут существенно влиять на 
потребление энергоносителей в регионе. Например, потребление 
дизтоплива за год могло бы составить: Ямало-Ненецкий АО в целом – 
ок. 80 тыс.т, терминал «Новый порт» (портовые ледоколы) – 15…20 
тыс.т, оффшорный объект класса «Приразломная» - 20…30 тыс.т. 
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Область применения средств математического 
моделирования функционирования ВТС 


Грузоотпра
витель 


Морской 
транспорт 


Речной 
транспорт 


Авиатранспорт 
дальнего 


сообщения 


Грузополу
чатель 


Авиатранспорт 
местного 


сообщения 


Автотранспорт 
местного 


сообщения 


Водный транспорт 
местного 


сообщения 


Иной транспорт 
местного 


сообщения 


… 


Автомобильный 
транспорт 


Железнодорожный 
транспорт 


Морской 
транспорт 


Речной транспорт 


Перевалка для доставки 
в районы Крайнего Севера 


Перевалка в логистических хабах Крайнего 
Севера для доставки конечным получателям Область применения 


средств математического 
моделирования 


функционирования 
водно-транспортных 


систем 
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Проблематика исследования водно-транспортных систем 
для Арктики и замерзающих водных путей 


 Взаимодействие множества объектов 
инфраструктуры 


 Сложный комплекс природных 
условий: ледовые и ветро-волновые 
условия, глубины, навигационные 
ограничения, «окна погоды» работы 
портов и терминалов 


Многовариантность возможных 
концепций ВТС: альтернативные 
варианты судов и других элементов 
системы, прямые поставки или 
перевалочные схемы, круглогодичная 
/ летняя навигация и т.п. 


 Увязка с транспортными системами 
других видов транспорта при 
мультимодальных грузоперевозках 


Проекты создания водно-транспортных систем (ВТС) для Арктики и замерзающих 
водных путей характеризуются высокой сложностью и требуют учёта многих 
факторов:  


«Простые» подходы (аналитические модели, статические расчеты) не 
позволяют ответить на «сложные» вопросы современных ВТС для 
замерзающих водных путей и комплексно проанализировать их 
работу. 
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Концепция программного решения  для имитационного 
моделирования водно-транспортных систем  


При моделировании ВТС суда представляются как самостоятельные объекты, 
движущиеся и взаимодействующие в геоинформационной среде 


Все задачи исследования ВТС могут быть решены с помощью разработанного 
в КГНЦ программного решения. 


Новизна и эффективность обусловлена интеграцией в рамках единого 
программного решения методов «проектирования судов» и «управления работой 
флота». Для этого используются современные компьютерные инструменты. 
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Динамические имитационные модели 


Стохастическое 
моделирование 
природных условий 


Оперативное 
управление 
движением 
судов  


Планирование 
(маршрутизация) 
перевозок Моделирование 


окон погоды 


Динамика 
изменения 
уровня 
хранилищ 


Модель 
зарастания 
ледового канала 


Динамика 
параметров 
движения судов 


Запись 
«лога» 
операций 
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Пример применения ИМ для анализа ВТС: 
моделирование работы ВТС при исследовании влияния вывоза  
техногенного мусора из арктического региона на выполнение Северного Завоза (1) 


ГИС-среда с отображением движения судов в имитационной модели ВТС Северного Завоза  
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Пример применения ИМ для анализа ВТС: 
моделирование работы ВТС при исследовании влияния вывоза  
техногенного мусора из арктического региона на выполнение Северного Завоза (2) 


Пример лога операций в ИМ: 
Судно № 10 (сухогруз типа «Грумант») 
в начале эксперимента, 01 июля, 
находится в порту Мурманск, затем 
выполняет ряд рейсов и 
возвращается в порт Мурманск. 
Суммарный расход топлива 
рассматриваемого в табл. 12 судна 
составил 1394 т, а суммарное время 
работы по «Северному завозу» - 109,6 
сут. (с 01 июля до 28 сентября). 


Графики загрузки судов по типам, динамики грузоперевозок и расхода топлива. 
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Пример применения ИМ для анализа ВТС: 
Дифференциация требований  к судну комплексного топливоснабжения (СКТ) 


По результатам анализа водно-транспортной системы комплексного топливоснабжения 
обоснована целесообразность разработки двух принципиально различающихся СКТ для 
снабжения потребителей в замерзающих морях жидкими энергоносителями: большого и 
малого. 


СКТ для доставки жидких энергоносителей 


Относительно крупное судно 
с высоким ледовым классом 
для работы на трассах СМП 


 


• Ледовый класс не ниже Arc7, осадка не 
менее 7 м, высокая маневренность на чистой 
воде и во льду. Возможность круглогодичной 
эксплуатации либо существенного 
продления навигационного периода. 


• Возможность работы только в 
глубоководных портах. 


• Самостоятельная работа в арктических 
морях и на трассах СМП без ледокольного 
сопровождения. 


Относительно небольшое мелкосидящее судно 
с умеренным ледовым классом 


для эксплуатации в неарктических замерзающих 
морях, а также в Арктике в период навигации. 


• Эксплуатация исключительно в 
навигационный период из-за 
невозможности иметь достаточно высокий 
ледовый класс по причине ограниченной 
осадки. 


• Возможность работы на малых глубинах и в 
мелководных портах 


• Возможность эксплуатации в неарктических 
замерзающих морях, а также на внутренних 
водных путях. 
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Пример применения ИМ для анализа ВТС:  
Постановка задачи разработки судна комплексного топливоснабжения (СКТ) 


Разработка СКТ для морей российской Арктики 


Уточнение 
перечня 


потенциальных 
потребителей и 
перевозимых 


грузов 


Уточнение области 
применения, целей 


и задач СКТ 


Уточнение 
требований к СКТ 


усиленного 
ледового класса 


Разработка судна 
для доставки 


твердых 
энергоносителей 


конечным 
потребителям 


Разработка СКТ 
для работы на 


реках 
арктического 


бассейна Разработка СКТ для доставки жидких 
энергоносителей в мелководные порты 
в навигационный период и для работы 
в неарктических замерзающих морях 


Разработка СКТ 
усиленного ледового 


класса 
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Класс регистра судна (РС):  
KMArc 7 [1] R1 AUT1 OMBO ANTI-ICE LI IGS CCO ECO-S 
WINTERIZATION (-30) Oil tanker CSR / Supply vessel (ESP) 
 
Длина наибольшая, м 131,0 
Длина между перпендикулярами, м 121,4 
Ширина габаритная, м  20,1 
Осадка, м 7,5 
Экипаж и доп. места, чел  14+2 
 
Грузоподъёмность, т  7200 
Экономическая скорость на чистой воде, узл  12 
 
Грузовые танки 
Количество, шт 8 
Суммарная вместимость, м3 7800  
 


Главный двигатель 
Три среднеоборотных четырёхтактных дизель-генератора  
MAN 7L35/44DF  
Максимальная длительная мощность, кВт  3х3570 
 
Стояночный дизель-генератор 
Количество 1 
Тип приводного дизеля MAN 6L28/32DF  
Электрическая мощность каждого, кВт  1200 
 
Котельная установка 
Количество паровых котлов, шт 2 
Производительность, т/ч 6,3 
 
Экологическое оборудование: 
Скруббер пропускной способностью, кг/с 32,3 
Реакторы ИКР пропускной способностью, кг/с 4 х 8 


Пример применения ИМ для анализа ВТС:  
Танкер комплексного снабжения топливами (пр.50410) 


Судно предназначено для круглогодичной перевозки жидких нефтяных топлив, в том числе MDO, IFO 30LS, IFO 180, 
бункеровки указанными видами топлива судов, плавсредств и объектов морской техники в акваториях северных морей 
(преимущественно в Обско-Тазовской губе, в районе портов Сабетта и Новый Порт), топливоснабжения береговых 
потребителей, а также участия в «Северном Завозе». 


Дополнительно предусмотрено использование судна 
для приёма и переработки загрязнённых вод с бункеруемых 
судов, сбора нефтяной плёнки с поверхности воды, а также 
приёма с других судов – участников операций ЛРН 
нефтесодержащих вод с последующей их переработкой либо 
накоплением и сдачей на берег. 


Реализован комплексный подход к обеспечению 
экологичности судна: обеспечена возможность работы СЭУ 
на тяжёлых сортах топлива, ДТ и природном газе («LNG 
ready» по DNV GL). Судно удовлетворяет текущим и 
перспективным требованиям МК МАРПОЛ и Полярного 
Кодекса в части выбросов загрязняющих веществ. 
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Пример применения ИМ для анализа ВТС:  
Бункеровщик СПГ (пр. 50408) 


Длина наибольшая, м 92,3 
Длина между перпендикулярами, м 83,8 
Ширина габаритная, м  16,6 
Осадка, м 3,6 
Дедвейт, т                     1630 
 в т.ч.: 
 Перевозимый груз, т  1248+210 
 Дизельное топливо, т      136,4 
Экономическая скорость на чистой воде, узл  9 
Экипаж, чел  10 
 


Класс регистра судна (РС): 
КМIсе3 R1 AUT1 OMBO ANTI-ICE LI IGS CCO ECO-S 
WINTERIZATION (-30) Oil tanker (>60 °С)/Gas type 2G (methane) (ESP) 
 


Грузовые танки: 
СПГ (при расчетном давлении), м3 3000 
Грузовой танк, м3 240 


Грузовые насосы для СПГ / нефтяного топлива 
Количество, шт 2 / 2 
Тип привода                                                           электрический 
Производительность каждого, м3/ч 250 / 40 
 
Главный двигатель 
Тип  
Четыре среднеоборотных четырёхтактных дизель-генератора 
Wartsila 6L20DF 
Максимальная длительная мощность, кВт                 4х960 
Электрическая мощность каждого, кВт  920 
 
Аварийный дизель-генератор 
Тип  
Электрическая мощность, кВт 150  
 
Котельная установка – два термальных котла 
Тепловая мощность каждого котла, кВт 800 


Судно предназначено для использования в качестве 
бункеровщика комплексного снабжения топливами для 
обслуживания газотопливных судов средних и крупных 
размеров: выдачи бункерного СПГ и жидкого нефтяного 
топлива (запального), приема СПГ, выполнения 
эксплуатационного и технологического захолаживания. 


Может быть использовано, как небольшой фидерный 
газовоз СПГ и как автономный плавучий энергоблок. 


Может совершать межбассейновые переходы по ЕГС 
ВВП РФ и работать на водных путях ЕГС ВВП РФ. 
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Длина наибольшая, м 141,1 
Длина между перпендикулярами, м 135,8 
Ширина габаритная, м  16,6 
Осадка море/река, м 4,7/3,6 
Экипаж и доп. места, чел  14+4 
 
Дедвейт, море/река 
 Перевозимый груз, т  5975/3330 
 Дизельное топливо, тт 
 300,3/215,7 
 
Экономическая скорость на чистой воде, узл  11 
 
Класс регистра судна:  
KMIce2 [1] R1 AUT1 Gas carrier type 2G  
(минус 163 °C, 10 бар) 
 
Грузовые танки 
Количество, шт 3 
Суммарная вместимость, м3 6960   
 


Грузовые насосы для нефтяного топлива 
Количество, шт 6 
Тип привода                                                           электрический 
Производительность каждого, м3/ч 100 
 
Главный двигатель 
Два среднеоборотных четырёхтактных двигателя 
Caterpillar 3512B 
Максимальная длительная мощность, кВт  2х969 
Расход дизельного топлива  
на ходовом режиме , т/сут. 15 
 
Дизель-генераторы 
Количество 4 
Тип приводного дизеля                             Caterpillar С18 ACERT 
Электрическая мощность каждого, кВт  450 
 
Котельная установка 
Количество водогрейных котлов, шт 1 
Тепловая мощность, кВт 500 
 


Судно предназначено для перевозки в имеющихся на борту трех 
вкладных танках типа “C” широкой номенклатуры сжиженных 
газов (СПГ, этан, этилен, нефтяные газы и аммиак), а также ряда 
наименований жидких химических грузов.  


Может работать на водных путях Единой глубоководной системы 
(ЕГС) РФ. 


В рамках комплекса по обеспечению бункеровки газотопливных 
судов судно может быть использовано, как фидерный газовоз 
СПГ (для снабжения потребителей СПГ), а также в качестве 
специализированного бункеровщика СПГ для обслуживания 
газотопливных судов крупных и особо крупных размеров. 


Пример применения ИМ для анализа ВТС:  
Газовоз смешанного плавания для перевозки широкой номенклатуры грузов 
(Пр.50401) 
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Выводы 


• Водный транспорт – наиболее экономичный и экологичный из современных видов транспорта. 
• Современный уровень использования водных путей (прежде всего – внутренних) не 


соответствует ни их транспортному потенциалу, ни государственным интересам. 
• Повышение привлекательности водного транспорта для грузоперевозок обеспечивается 


интеграцией водно-транспортных систем в мультимодальные транспортные системы. 
• Динамические имитационные модели водно-транспортных систем позволяют учитывать время-


зависимые факторы и логику движения и взаимодействия транспортных судов между собой и с 
другими элементами системы, что принципиально улучшает качество прогнозных оценок по 
сравнению со статическими моделями анализа провозоспособности. Также создаются 
предпосылки для обеспечения эффективной интеграции водно-транспортных систем в 
мультимодальные транспортно-логистические комплексы более высокого порядка. 


• Получаемые при математическом моделировании результаты исследования параметров 
водно-транспортных систем являются основой для принятия решений на всех стадиях 
жизненного цикла, от первых этапов определения параметров ВТС, через разработку 
оптимизированных для нее проектов судов и объектов инфраструктуры, вплоть до решения 
эксплуатационных задач. 


• Методы динамического имитационного моделирования позволяют достичь уровня 
достоверности и комплексности получаемых результатов, который невозможно получить ранее 
применявшимися методами.  


• Мультимодальные транспортные системы в силу различий интегрированных в них подсистем 
нуждаются во взаимодействии экспертов для обеспечения эффективности. Опыт оптимизации 
водно-транспортной подсистемы необходимо использовать для оптимизации мультимодальной 
системы в целом через улучшение взаимодействия ее подсистем. 
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Online monitoring  system for the river basin is presented.  It 
includes environmental online monitoring of  reservoirs and lakes, 
monitoring of  hazardous events on Volga and the inlets and online 
monitoring of  air quality in the big cities of  the river basin. 
River Basin is considered as a set of  reservoirs (for instance, Volga 
and Kama cascade).


Network Design of  Social and Environmental 
Information for the Big River Basins


Online Air quality monitoring of  traffic congestion is presented on 
the scheme below.


Online calculation of  pollutant concentration and health risk was 
designed for the web resource eco-routes.appspot,com.


Conclusions


This investigations demonstrate an opportunity to initiate an 
Internet project for integrated interactive monitoring of   
environment quality and human security.  Estimates show that the 
creation of  a network can be successfully solved with the help of  
high-performance facilities of  the  Higher School of  Economics 
Laboratory of  Algorithms and Technologies for Networks Analysis 
(https://nnov.hse.ru/en/latna/)


This investigations demonstrate an opportunity to initiate an Internet project for integrated interactive monitoring of environment quality and human security. Estimates show that the creation of a network can be successfully solved with the help of high-performance facilities of the Higher S


Client browsers oftablets, smart phones, computers


Server of pre-processing Monitoring server


Web-services


Internet or
Intranet


Web-server


Inquiry of Web Services


Sources of Pollution Model


Calculation of concentration, 
health risk


Interface


Pre-processing


Statistics and archives
LAN


Development of  mobile service for hydrological data 
transfer includes in situ measurements and wi fi transfer 
of  information.


Online Clean Water 
Indicators include
Stratification parameters
Biomass concentration


Menu includes


• River or reservoir 


name


• Secchi depth


• Water Temperature


• Air temperature


• Photos
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The Mega-Project "Channel Eurasia" 


         Channel "Eurasia" -  water transport   between the Caspian Sea and the Black Sea region -  is 


undoubtedly a mega-project that can dramatically improve the socio-economic situation of the 


region. 


          For infrastructure projects, there are which will no doubt testify to their extraordinary 


relevance. So the implementation of the project "Eurasia" allows you to: 


- to employ not less than 300 thousand people, mostly not very high qualification in the conditions 


of living labor-surplus area with high birth rates, first in construction and then operation of new 


buildings and their infrastructure; 


- create the missing network of modern highways, Railways, airports, modern housing, schools, 


hospitals, etc.; 


- to construct reservoirs, medium and small hydroelectric plant in the foothills of the North 


Caucasus, which would reduce the damage from devastating floods of the rivers Kuban and Terek, 


to keep flood waters for water supply, valuable electricity supply, to create new places for tourism 


and rest; 


 - to enter into the agricultural turnover of the fertile loess soils, saline and waterlogged land for the 


development of crop and livestock production, enhancing food security through import substitution; 


- to create a powerful construction base, contributing to the further economic development of the 


region;- upload existing and to create new businesses of shipbuilding and metallurgy; 


- to give impetus to the development stunted in our country, construction and agricultural Sciences; 


 - ability to attract investment major shippers: Kazakhstan, China, Azerbaijan, Turkmenistan and 


Iran.  


          There is no doubt  of  military-strategic importance of the channel "Eurasia". 


          And, maybe most importantly: mega-project "Eurasia" is ideologically important large 


infrastructure object. 


            Melnik Grigory V. 


Darevsky Vladimir E. 





		Воднотранспортное соединение (ВТС) между Каспийским морем и Азово-Черноморским бассейном – канал «Евразия», который, несомненно, является мегапроектом, способным кардинально улучшить социально-экономическое положение региона.

		Для инфраструктурных объектов существуют критерии, которые на предварительных этапах проектирования трудно выразить в рублях, но которые, несомненно, свидетельствуют об их чрезвычайной актуальности. Так реализация проекта «Евразия» позволяет:

		- трудоустроить не менее 300 тыс. человек, преимущественно не очень высокой квалификации в благоприятном для проживания трудоизбыточном районе с высокой рождаемостью, сначала на строительство, а потом на эксплуатацию новых сооружений и их инфраструктуры;

		- создать сеть отсутствующих здесь современных автодорог, железных дорог, аэродромов, современного жилья, школ, больниц и прочее;

		- построить водохранилища, средние и малые гидроэлектростанции в предгорьях Северного Кавказа, что позволит сократить ущерб от сокрушительных наводнений реках Кубань и Терек, сохранить паводковые воды для водоснабжения, получить ценную электроэнергию ...

		- ввести в сельхоз оборот плодородные лессовые почвы, засоленные и заболоченные земли для развития растениеводства и животноводства, повышения продовольственной безопасности страны за счет импортозамещения;

		- создать мощную строительную базу, способствующую дальнейшему экономическому развитию региона;

		- загрузить существующие и создать новые предприятия судостроения, а также металлургии;

		- дать толчок к развитию захиревшей в нашей стране строительной и сельскохозяйственной науки
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METHODOLOGICAL BASIS OF ACCOUNTING 
AND NORMALIZATION PARAMETERS OF 


RISK FROM ICE JAM FLOODS


Banshchikova Liubov
Tel . +7921-63234-89
E-mail: balju@npogtp.ru


River -
city


L, 
km


Н1% h1% D Ymin


k/l
1/1


Ymax


k/l
5/5


Нmax hmax D Ymin


k/l
1/1


Ymax


k/l
5/5


r. Lovat-
Holm


193 50.3 1.4 1.2 1 30 50.1 1.2 1.2 1 26


r. Kunya
Holm


2.6 49.8 0.6 1 14 14 49.6 1.0 1.0 1 15


The ice jam is a multilayered accumulation of  ice causing tightness 
of  the river section, which determines the rising of  water level 
upstream the head of  the congestion.


Risk zone of  the hanging ice dams and ice jams: this feature 
means the territory, which adjoins to the coastline, river, stream, 
channel, lake, reservoir, and is temporarily flooded due to the rising 
waters in different periods of  the year and where the special regime 
of  economic and other activities is set in order to prevent pollution 
of  water bodies and floodplains. 


Risk calculation scheme:
flooding - the consequences - loss - damage - compensation.
Risk parameters:
P - periodicity of  ice jams , % 
рз, - the probability of  flooding of  the floodplain in fractions of  a 
unit, %
Hз%, - the highest mash level of  a given reliability, m 
hp% =Hp% -Hп - exceeding of   the value of  maximum water level 
of  1% provision   over height of  the edge of  the floodplain
R=P·N – expected value of  the risk;
D= (Hp%-Hп)·(1-рзп) potential risk index;
Y=(D·(Hp%-Hстр)·k·l), the vulnerability index,
where Нстр is the minimum altitude of  the building, m; the k -
danger factor of  building by type of  impact on the environment, on 
a scale from 1 to 5, and the type of  facilities - also on a scale from 1 
to 5. 


Plan of    risk parameters calculation:
the system of  "river basin" (a type of  ice regime) - "stretch of  the 
river" (the risk of  congestion, the morphological features of  the 
structure (the presence of  the floodplain) - "the section" (degree of  
floodplain development, the potential risk and damage indices). 


Map of  risk zone of  the icejams with the water level H1%,
section of  the r. Lovat – r. Kunya at  Holm city


(This work is executed in the framework of  RFBR Project № 15-45-06003, «RFBR contest - Novgorod region)
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Round table 2. 
Programs and financial instruments to support water-related 
research and innovation projects in BRICS countries


September 30, 2016 
14.30–16.15


Room 518


1. Support of multilateral and bilateral research projects in the framework
of the Federal Targeted Programme “Research & Development in Priority Areas
of Development of the Russian Scientific and Technological Complex 2014–2020”
Dmitry Korotkov (Ministry of Education and Science of the Russian Federation, Russia)


2. Experience of wastewater treatment based on biotechnology Anammox process in the
framework of the Federal Targeted Program “Research and development on priority directions
of scientific-technological complex of Russia for 2014–2020” of the Ministry of Education
and Science of the Russian Federation
Mikhail Kozlov (JSC “Mosvodokanal”, Russia)


3. India’s programs to support international water research projects
Abhishek Vaish (Embassy of the Republic of India in Moscow)


4. Programs to support international innovative water-related projects and examples of such
projects supported by the Foundation for Assistance to Small Innovative Enterprises
Olga Levchenko (Foundation for Assistance to Small Innovative Enterprises in Science and Technology,
Russia)


5. Call for basic research projects organized by the Russian Foundation for Basic Studies
in cooperation with organizations – participants of BRICS Framework Program for Science,
Technology and Innovation
Alexander Sharov (Russian Foundation for Basic Research, Russia)


6. Opportunities for international cooperation with BRICS countries in the field of technologies
of sustainable ecological development
Vadim Sharov (Technology platform “Technologies for Sustainable Ecological Development”, Russia)


7.


8. China’s programs to support international water research projects
Shimin Zheng, Chen Qian (Embassy of the People’s Republic of China in Moscow)


[TBD] South Africa’s programs to support international water research projects
Representative, Department of Science and Technology, Republic of South Africa


Deeloping the South African Water Research, Development and Innovation (RDI) Roadmap and its 
Instruments
Shanna Nienaber (Water Research Commission, South Africa)


A South African Approach Towards Developing Innovative Partnerships for Impact 
Chantal Ramcharan-Kotze (Water Research Commission, South Africa)
Shimin Zheng, Chen Qian(Embassy of India to the Russian Federation) 







Experience of wastewater treatment based on biotechnology Anammox 
process in the framework of the Federal Target Program "Research and 


development on priority directions of scientific-technological complex of 
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JSC “Mosvodokanal” 


2| New technology (Anammox) for the nitrogen removal  |29-30.09.16 


Moscow 


TNAD 
(Troitsky&Novomoskovsky 
administrative division) of 
Moscow 
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JSC “Mosvodokanal” 


Mosvodokanal   
is the largest water supply and waste water treatment enterprise in Russia. 


• 14.7 million residents of Moscow and Moscow Region are clients of JSC 
“Mosvodokanal” 


 Daily supply of the water is 3.19 million cubic meters, including 3.06 million 
cubic meters of the potable one. 


 Water supply network length is 12.8 thousand km, sewerage network length is 
8.3 thousand km. 


 Specific water consumption per capita per day is 156 liters. 
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JSC “Mosvodokanal”  
is the water supply system of Moscow 


WATER SUPPLY SOURCES POTABLE WATER 
TREATMENT 


WATER 
TRANSPORTATION  


 water catchment area 
    50 thousand km 
 guaranteed 
    water yield  
    126 cubic meter/sec 


 water treatment 
   stations - 4, 
   total  
   capacity  
   6.4 mln. cubic meter/day 


 distributing 
    water supply units - 11 
 
 3rd level   
    lift pump stations - 6  
 
 water supply   
   network length 
   12.8 thousand km 
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Sewage system 


Lyubertsy waste 
water treatment 
facilities 3.0 million cubic 


meters per day 


Kurianovo waste 
water treatment 


facilities 


Yuzhnoye Butovo 
waste water 
treatment facilities 


Zelenograd waste 
water treatment 
facilities 


3.0 million cubic 
meters per day 


80 thousand cubic 
meters per day 


140 thousand cubic 
meters per day 


•Population coverage with the sewage 
system - 100 % 


• Total area covered with the sewage 
system is 1200 sq. km; 


 


• 158 pump stations with the total 
capacity 9.2 million cubic meters per day; 


• Daily average supply of wastewater -3.4 
million cubic meters; 


• 4 complexes of the water treatment 
facilities: Kurianovo, Lyubertsy, 
Yuzhnoye Butovo, Zelenograd, with the 
total capacity 6.22 million cubic meters 
per day;     


• Treated wastewater is discharged to the 
Moskva River and its tributaries - 
Pekhorka, Desna, Skhodnya 
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Scientific research of Moscow sewerage 


1898 year – commissioning of Moscow sewerage 
1903 – sewage fields laboratory, Lyublino  
1904 (01.09) – Commission for investigation of the biological treatment of a 
sewage water. 
1935 – research organization of “Mosochistvod” trust  
Scientific-research institutes  regarding sewerage problems  
1997-up to date – Engineering  Center  regarding sewerage problems  


 


л 
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Studies of Moscow sewerage - cutting-edge biotechnology from the beginning.   


7 


Construction of a clarifiers and methane tanks 


From the report of Moscow 
administrative board about the sewer 


operation in 1899 


connections. Waste fluid after filtering 
becomes even clearer than local drainage 
water in respect of organic  
nitrogen". 
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Implementation of the new technologies 


The main trends of the capital's sewage treatment plants development is their reconstruction 
with the transition to the modern technologies of the nitrogen and phosphorus removal as 
well as implementation of the ultraviolet disinfection systems. Combination of these two 
technologies nowadays allows to return to natural environment the water, which is fully 
consistent with the Russian Federation hygienic requirements and European standards. 


Biogenic elements removal 


Ultraviolet disinfection of the waste water 


New technologies 
 
Traditional technologies 


New technologies 
Traditional technologies 
 







     Urgency of the nitrogen removal problem 
 


If waste water contains too much NH4
+ and N/D does not 


work, the efficient alternative is Anammox process.  
Example: return flows from methane fermentation. 


Methane tanks Decanters 


+ up to 50% NH4
+  


Return flows 
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air air 


purified water 
 


Municipal 
wastewater wastes and sand to 


the landfills 


return activated sludge 


Raw sludge mixture from the primary 
clarifiers and activated sludge in the sludge 


treatment facilities 







Technology of the anoxic (oxygenless) ammonium oxidation 
- Anammox, basics 


                        NH4
++NO2


-→N2+2H2O  
 


                     I) NH4
++O2  →  II) NH4


++NO2
-  →  N2 


 
- 1977 -  possibility of existence is predicted, Broda; 
- 1995 - is discovered in denitrification digesters, Mulder; 
- 1995  - microbiologic nature of the process is experimentally proved, 
 van de Graaf; 
- 2002 - first  production digester in the industrial    
              waste water treatment facilities in Rotterdam (Netherlands)   
- 2014 – over 100 digesters all over the world.                 
             Fermentation is performed by specific microorganisms,   
               Planctomycetes 
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JSC "Mosvodokanal" 


This project was supported by Federal Target Program "Research and development on 
priority directions of scientific-technological complex of Russia for 2014-2020 (Project 


RFMEFI60714X0018.) 
 


 
 
 
 
 
2014 (start) – partner wоrkshop and  submission of application 
5 june 2014 – subsidy was granted 


RESEARCH PARTNER  
Federal  


Research Centre “Fundamental Studies of 
Biotechnology” of RAS, (Institute of 


Microbiology) 


INDUSTRIAL PARTNER 
 


JSC “Mosvodokanal” 


Institute of Microbiology:  
laboratory investigation , biochemical, 
microbiological, molecular-biochemical  
methods for  technological control 
Anammox process 


JSC “Mosvodokanal” 
Technical support of investigation 
(substrates, ANAMMOX activated sludge, 
development of laboratory and pilot scale , 
technological calculations and scale 
operation) 
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JSC "Mosvodokanal" 


Development of  technology  on the base of Anammox process 


45 mln rubles 


RESEARCH PARTNER  
Institute of Microbiology 


Ministery of Education 
and Science of the 
Russian Federation  


INDUSTRIAL PARTNER 
JSC “Mosvodokanal” 


A new proprietary 
technology,  


the possibility of 
commercialization 


45 mln rubles 
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Work stages 


1 stage – 2014 


• Justification and a choice of 
research  
 


• Carrying out preliminary 
research into the  Anammox 
process 


JSC "Mosvodokanal" 
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2 stage – 2015 


• Carrying out experimental 
research in a laboratory 
scale  


 
 


• Creating a pilot scale 


JSC "Mosvodokanal" 


Work stages 
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3 stage – 2016 Conducting research trials and start 
up a pilot scale Anammox 


JSC "Mosvodokanal" 


Work stages 


Specifications of the pilot scale Anammox 
Volume -20m3, 
NH4+  - 700 mg/l, 
Capacity – 20-30 m3/d, 
N-removal efficiency – up 90%, 
ToC  - 30-35, 
Reactor - complete mixing  continious flow 
fixed film biomass, activated sludge 
 







Development of Anammox biotechnology in JSC 
“Mosvodokanal”: pilot plant 


 Specification of the pilot plant Anammox of JSC 
“Mosvodokanal”:  
 
Volume                               - 20 m3, 
NH4


+  concentration  - 700 mg/l 
Flow rate                        - 20-30 m3/day 
Nitrogen removal efficiency - up to 90% 
 
Temperature              - 30-35оС 
Digester type - continuous flow, complete stirred                                       
Biomass retention: 
      Anammox  - stationary loading 
      Nitrifier   - loading, clarifier  
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Development of Anammox biotechnology in JSC 
“Mosvodokanal”: pilot plant on the local waste water 


treatment plant 
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Development of Anammox biotechnology in JSC 
“Mosvodokanal”: pilot plant 


   Grate               Primary              Bioreactor Anammox     Afterburner         Secondary 
                          clarifier                                                                                clarifier 


And once again - new Anammox microbes!  
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Results and  promise applications 


• technical task for the technological 
works “Development of the Anammox 
technology for Luyberetsky WWTP 
(Moscow) ” 
 


• Technical and economic justification for 
the Anammox application for 
Luyberetsky WWTP 
 


• Manual operation development for the 
Anammox application for Luyberetsky 
WWTP ( capasity 18000 m3/d) 


• technical design  of full scale bioreactor for 
Luyberetsky WWTP  


JSC "Mosvodokanal" 


Anammox WWTP 







Development of Anammox biotechnology in JSC 
“Mosvodokanal”: new microbes Anammox - new 


technologies  
Аnammoxomicrobium                                      Jettenia  
       moscowii                                               moscovienalis 
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Methane 
tanks 


Decanters 


Return flows 


Development of Anammox biotechnology in JSC 
“Mosvodokanal”: pilot plant scaling up to large 


scale digester 
 Now we develop the project of Anammox reactor for filtrate purification 
from dehydratation of the fermented sludge in the local waste water 
treatment plant with the flow rate 18 thousand m3 per day, nitrogen of 
ammonium removal – 11,000  kg  per day.  


Digester 
Anammox 


+ 50% NH4
+  
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air air 


purified water 
 


Municipal 
wastewater wastes and sand to 


the landfills 


return activated sludge 


Raw sludge mixture from the primary 
clarifiers and activated sludge in the sludge 


treatment facilities 







Economics of Anammox technology implementation at 
the local wastewater treatment plants 
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MVC cost saving (Mosvodokanal) - 70-140 


million rubles per year.  
 
Cost of the technology implementation in 


Lyubertsy treatment facilities is 450 million 
rubles. 


 
Cost recovery – 6-7 years. 







23 


Anammox technology helps  
to save nature!  
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THANK YOU FOR ATTENTION ! 


Mikhail Kozlov 
Head of Innovative 
Equipment and Technologies 
Department, JSP 
“Mosvodokanal” 
kozlov@mosvodokanal.ru 
+7-10-(495)-263-93-64 


JSC "Mosvodokanal" 



mailto:kozlov@mosvodokanal.ru





Abstract speech of M.N. Kozlov at the round table "Programs and tools of financing 


research and innovation projects in the field of water resources and their use" 


 


Subject: Experience of wastewater treatment based on biotechnology Anammox process 


in the framework of the Federal Target Program "Research and development on priority 


directions of scientific-technological complex of Russia for 2014-2020» of the Ministry of 


Education and Science of the Russian Federation. 


Ammonia nitrogen is one of the main pollutants of wastewater, and is a subject to 


mandatory deep disposal. Commonly used current technologies of its removal are associated 


with high energy costs and are dependent on the composition of wastewater. In view of the 


importance of the problem  JSC "Mosvodokanal"  initiated the research of new unique process of 


anoxic ammonium removal (ANAMMOX) having huge technological potential. Its 


implementation will remove up to 90% of the nitrogen wastewater, to provide a 10-fold increase 


in intensity as compared with the conventional technology, and 2-3 times lower economic costs. 


Due to the complexity and knowledge-intensive of new process the qualified specialists 


(microbiologists, molecular biologists and biochemists of the Federal Research Centre 


“Fundamentals of Biotechnology” RAS) were brought for its detailed development and 


implementation. The support of the Ministry of Education and Science of the Russian Federation 


in the framework of the Federal Target Program "Research and development on priority 


directions of scientific-technological complex of Russia for 2014-2020» (RFMEFI60714X0018 


project) was received for the development of new industrial technology. The scientific part of the 


work was carried out within the walls of an academic institution, while the technology tests - on 


the territory of the Moscow sewage treatment plants, allowing to approximate the conditions of 


the test to the real production conditions. 


The successfully completion of collaboration was the development of new technology 


and its approbation in pilot scale. At the JSC "Mosvodokanal" wastewater treatment plant 


bioreactor with the capacity of 30 m3/day based on a new technology started. In the coming years 


it is planned to full implementation. Its term of payback is 3 years. 


Currently, in cooperation with the Federal Research Centre “Fundamentals of 


Biotechnology” RAS an application for a grant of the Ministry of Education and Science of the 


Russian Federation on the development of new biotechnology wastewater phosphorus removal, 


followed by the introduction to Europe's largest Kuryanovo treatment plants,  is filed. 







The South African Water RDI 
Roadmap: Mechanisms and 
Instruments  


Shanna Nienaber, Water Research Commission,  
Water RDI Roadmap Programme Manager 







Overview 


1. What is the Water RDI Roadmap? 
2. What are its core implementation mechanisms? 
3. What are its implementation instruments? 
4. What is the opportunity for BRICS to explore? 







Efficient, business savvy, 
monitored and metered 


Govern, Plan, Manage 
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Unlock 
alternative 


sources 


Built and 
Ecological 


Infrastructure 


Research into 
policy 


More products 
and services 


National savings 
through targeted 
investments 


Skilled people for 
jobs of the future 


Water industry 


Increase 
national spend 
on water RDI 


Better 
coordinated R&D 
Community 







Core Roadmap Implementation Mechanisms 


Portfolio 
Management 


Unit 


WRC Business 
Development 


Service offering 


National 
Research 


Foundation 


Technology 
Innovation 


Agency 


International 
Partnerships 


WRC R&D Call 
Knowledge 


dissemination 
and co-learning 







Portfolio 
Management 


Unit 
Signal investment priorities 


Support, coordinate, manage 
partnerships 


 


Manage roadmap co-investment 
where needed 


 


Water RDI Ecosystem tracking and 
intelligence 


 


Share, profile aligned research, 
HCD, innovation activities 







Roadmap Implementation Instruments:  
Research 


1. Research Calls (directed and open) 
1.1 National 
1.2 International partnerships 
 


2. Research Chairs 
 
3. Centres of Excellence 


3.1 Do we examples of international co-hub models in BRICS? 
 


4. University Institutes  
4.1 Growing transdisciplinary initiatives 


 







Roadmap Implementation Instruments: 
Capacity and Skills 


1. Student Bursaries (various approaches) 
 
2. Technical and student exchanges 
 
3. Holistic professional development (beyond the degree) 







Roadmap Implementation Instruments: 
Innovation 


1. Professional Service Centres/Communities of Practise 
 


Facilitating Science and Policy 
Facilitating Innovation and Industry 
Facilitating new approaches and municipalities 
 


2. Centres of Competence 
 


Innovation playgrounds 
Practising the technologies and processes of the future 







What is the opportunity for BRICS to explore? 


1. Sharing forum around national 
Water RDI Planning 
1.1 Road-mapping Approaches 
1.2 RDI Coordination Mechanisms 
and Instruments 
1.3 Water Innovation Tracking and 
Impact 


 
2. R&D:  


2.1 More intentionally align R&D 
calls to National Priorities 
2.2 Explore models around joint 
Centres of Excellence 


 
 


3. Skills:  
 


3.1 Exchanges (academic and 
technical) 
3.2 Supervision 
3.3 BRICS University 


 
 
4. Innovation and uptake of research 


 
4.1 Innovation localisation 







Thank you,  
Please get in touch! 


Shanna Nienaber: shannan@wrc.org.za 







7 Roadmaps in one plan 


Objective 
Outcome for 2025 
 RDD Response: RDD Activity, Know how, Capacity and 


Infrastructure 
 Impact 
 Programme and instruments 
 Skills Map 
Costing 
 Targets 


 







APPROACH AND PARTICIPATION 
An exploration of what customers want provided the basis for a focused approach to 
developing South Africa’s Research, Development and Deployment (RDD) Response 







Two-Step Process, driven by customer-defined Needs 
and Interventions, Performance Measures, and 
Anticipated Impact 
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Participation and input from 62 organisations in 32 
workshops 


Agri SA  
Agricultural Research Council (ARC) 
Amatola Water 
Anglo American Coal 
ARC-Institute for Soil, Climate and Water 
BHP Billiton Energy Coal South Africa Ltd 
Biomimicry SA 
Chamber of Mines  
City of Cape Town  
City of Johannesburg  
City of Tshwane  
Coaltech  
Coca Cola South Africa 
Council for Scientific and Industrial Research 
Department of Agriculture, Forestry and Fisheries 
Department of Environmental Affairs 
Department of Science and Technology 
Department of Water and Sanitation 
East Rand Water Care Company  
EON Consulting 
Eskom-Mining 
Eskom-Research & Development 
Eskom-Technology, Strategy, and Research Management 
Eskom-Water Resources 
Ethekwini Municipality  
Exxaro  
Federation for a Sustainable Environment 
Golder Associates Pty Ltd 
Grain SA 
Johannesburg Water  
Land Rehabilitation Society of South Africa 


Limpopo Provincial Department of Agriculture 
Midvaal Water Company  
Mintails Ltd 
National Business Initiative  
National Planning Commission 
Nelson Mandela Metropolitan Municipality  
NEPAD Business Foundation 
Nestle  
Rand Water  
SA Association for Water User Associations 
SA Irrigation Institute  
SAB Miller 
Sappi  
Sasol  
South African Local Government Association 
South African National Biodiversity Institute 
South African Weather Services (SAWS) 
Stellenbosch University 
Strategic Water Partners Network (SWPN) 
Trans Caledon Tunnel Authority (TCTA) 
Tshwane University of Technology 
Umgeni Water 
Umhlaba Consulting Group 
University of Pretoria  
University of the Witwatersrand 
Water Technologies Demonstration Programme (WADER) 
Water Institute of Southern Africa (WISA) 
Water Research Commission (WRC) 
Western Cape Department of Agriculture 
Wildlife and Environment Society of South Africa 
Worldwide Fund for Nature SA 







Roadmap is aligned with other national strategies 
Government Outcomes 
and other national 
initiatives  


Strategic objectives of 
national initiatives 


Water RDD Roadmap contribution to national initiatives 


Outcome 2 (Job creation) 
 
Outcome 4 (Employment) 
 
Outcome 12 (Public service) 
 
New Growth Path  
 
National Water Resources 
Strategy (NWRS2) Chapter 
14, Chapter 9 (9.4.3), and 
Chapter 6 (6.4.3) 
 
DST Grand Challenges: 
Adapting the Way We Live and 
Innovation for Sustainability 
 
NWRS2 Chapter 4: 4.4.1 - 
reconciliation strategy, and 
4.4.2 - urban development 
Provision of equitable and 
sustainable water services of 
acceptable quantity and quality 
  
Constitutional right to Free 
Basic Water 


Improve and increase the skills pool 
and build competencies in the DWS 
and within the sector 
Articulate the need for aligned 
qualifications development with 
DHET and EWSETA and build into 
RDD programmes 


Maintain a minimum number of students supported in water research; 
Enhance human capital development by supporting SMMEs in Water R&D 
domain 
Knowledge dissemination and training will form part of the functions of the 
PSPs and TACs within the RDD programmes 
 


Implement programmes that create 
job opportunities 


Facilitate positive relationships with communities through active community 
participation in RDD 
Maintain the minimum number of students supported in water R&D 


Improve water resources and water 
services information 


Increase water knowledge by initiating new R&D; provide the country with 
supportive knowledge via completed project 
Promote uptake and communication of research knowledge in the form of 
manuals, guidelines, and other supporting materials 
Engage the sector in knowledge-sharing events  


Ensure effective performance of 
water management and services 
institutions 


Provision of PSCs and TAC to support performance improvement in WSAs 
and WSPs 


Ensure the availability of/access   to 
water supply for environmental and 
socio-economic use 


Increase water knowledge by initiating new R&D that addresses the 
identified knowledge gaps 
Provide the country with supportive knowledge via completed RDD 
Improve knowledge dissemination 
Promote the uptake and communication of R&D in the form of manuals, 
guidelines, and other supporting materials 
Engage the sector in D&I via knowledge-sharing events through public 
dialogues and workshops 


Source: WRC 







Seven road maps for the price of one 
Clusters of needs / actions defined by stakeholders 
 Increase ability 


to make use of 
more sources of 
water, including 
alternatives  


Improve 
governance, 
planning and 
management of 
supply and 
delivery 


Improve 
adequacy and 
performance of 
supply 
infrastructure 


Run Water as a 
“business”  


Improve 
governance 
planning and its 
implementation 
in the 
management of 
demand and use 


Reduce losses 
and increase 
efficiency of use 


Improve 
performance of 
Pricing, 
Monitoring, 
Metering, Billing 
and Collection 


75% of treated 
wastewater 
reused 


Coastal 
communities 
obtain 5% of the 
water supply 
from seawater; 
inland 75% of 
wastewater is 
desalinated and 
reused 


5 - 10% of water 
us abstracted 
from 
groundwater 


All metropolitan 
areas have 
stormwater 
drainage and 
storage 


A new map 
completed by 
2016 


Nine functional 
Catchment 
Management 
Agencies 


 The new map 
includes 
groundwater, 
seawater, and 
wastewater 
 


 Storage facilities 
similar to Jo' 
burg Water's 
Northern Works 
exist in all 
metropolitan 
areas. 


New rainfall 
maps have led to 
a new limit for 
the ecological 
reserve, which is 
protected by 
regulation 
 


Non-revenue 
water is below 
15% 


All domestic and 
industrial users 
are on metered 
supplies 


All leaks are 
detected in 
under 12 hours 
and repaired in 
under 48 
 


Nine functional 
Catchment 
Management 
Agencies 


 Non-revenue 
water is below 
15% 


 All leaks are 
detected in under 
12 hours and 
repaired fin under 
48 


 PICWAT and 
SAPWAT, or 
equivalents, are in 
use on all 
commercial farms 
and 30% of family 
farms 


 75% of treated 
wastewater 
reused 


 90% of 
wastewater 
treatment works 
attain Green Drop 
status 


 Free basic water 
remains free; 
reasonable use 
is reasonably 
priced; wasted 
water is 
prohibitively 
expensive 


All domestic and 
industrial users 
are on metered 
supplies 


Non-revenue 
water is below 
15% 
 







Nurturing a Capable Water HCD community (1) 


Required Research 
Capacity: Governance, 
Planning and Management 
of supply 







Nurturing a Capable 
Water HCD community 


(2) 


Mapping of existing Research 
Capacity: Governance, Planning 


and Management of supply 







Partnerships for Water Innovations


Chantal Ramcharan-Kotze


Water Research Commission – South Africa


BRICS Water Forum, Moscow


30 September 2016
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Based on rising population, economic growth projections, scarcity of resources as well as current use and efficiency  
levels, South Africa will demand 17 percent more water than exists by 2030.


The net deficit between supply and demand could grow to between 2.7—3.8 billion m3


Summary of water quality issues by geographical area in South Africa (Source: CSIR 2010)


SA Context: Water Quality and Quantity


Emerging Contaminants


Climate Change


Climate Variability


Urbanisation


Population Growth


Industrialisation 







Gap Analysis (WRC Internal Analysis, Stakeholders, the 
Department of Science and Technology and WRC-2014 study)


• Fragmented
• R&D not getting to market or application/replication


• Lack of alignment


• Lack of co-ordination


• Lack of co-ordinated funding


• Expansion of innovation value chain


• Innovation environment (Risk and benefit)


• Technology Transfer


• Commercialisation


• Markets


National System of Innovation and Water Sector
Water Innovation Value Chain







Partnerships in a developing context


• Formal and informal partnerships and collaboration linked to the sustainability agenda;


• The cubed challenges of poverty, unemployment and inequality persist and cannot be 
ignored in the drive for innovation


• Strong need to pool expertise, resources and capabilities – limited resources


• Mechanisms for industry to engage and contribute towards the development water 
innovations – opportunity for co-development


• Support for local government entities to improve their financial and governance status in 
order to attract and access funds


• Capability building alongside innovation and implementation


• Non-profit organisations play an important bridging role between public and private 
sectors in social acceptance and implementation of innovation 


• PPAs – As a national institution that has been working well with academia, the WRC is well 
placed to grow public-private-academic partnerships which is critical for ensuring the 
viability and go to market strategies for water innovations - Evidence based 
implementation


(Gordon Institute of Business Science (GIBS) 2016; National Business Initiative (NBI) 2015, Gow, H. Massey University; Water Research 
Commission, 2015, Department of Science and Technology, 2014, 2015)











Instruments, Mechanisms and Platforms


Research & Development Sector Support New Networks


• Open calls – May 
• Directed calls – June
• Evidence based input – Ministerial 


and Policy briefs
• Building innovation into the R&D 


pipeline


• Multi-Sector Dialogue Series
• Development of Think Tanks -


common challenges and 
opportunities 


• Enterprise Development and Small 
Business


• Black Industrialists – BBBEEE 


• Innovation & Impact Branch
• Current partnerships – Ecosystem 


approach, reducing duplication 
and making impactful investments


• Incentivising and acknowledging 
innovation in the sector


• WADER







Instruments, Mechanisms and Platforms


New Partnerships Communicating Impact


• Agreements with public sector utility 
partners, agencies, water boards, CMAs


• Private sector involvement in 
demonstrations and pilots


• Enterprise development link – platform 
for non-tech innovations


• Water Innovation Fund
• International Partnerships to 


conceptualise and catalyse  innovation of 
mutual benefit


• Knowledge hub and portal
• Knowledge tools and resources -


Guidelines and models
• International Learning Labs  and Co-


hubs







Public, Industry and Academic Partners







Public & Industry Partners
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Partnerships are key!
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Chantal Ramcharan-Kotze 
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In recent years, in the Amur River basin were created models of  runoff  formation 
only separate subbasins or hydrological processes . The problem of  the 
development of  a regional hydrological model of  the entire Amur basin has 
become particularly relevant after the flood of  2013.
The goal of  this study is to develop a physically-based model of  runoff  formation, 
which describes the spatial and temporal variability of  hydrological processes on 
the whole territory of  the Amur River basin.
The method of  investigation. For a description of  the runoff  formation in the Amur 
basin was used physically-based spatially distributed model ECOMAG 
(ECOlogical Model for Applied Geophysics). The model parameters are 
calibrated soil types, vegetation and land surface for the entire Amur River basin. 
Calibration was carried out by calculating the Nash-Sutcliffe criterion (NSE) for 
daily runoff  hydrographs, as well as a systematic calculation error (BIAS).
Initial data. To determine the parameters of  the model global databases were used
Harmonized World Soil Database and database Global Land Cover 
Characterization. Information about the topography is based on DEM 
HYDRO1k (resolution of  1 km). Database of  meteorological information needed 
to set the input data in the model has been prepared on the basis of  RIHMI-
WDC data. The base includes time series of  daily mean values   of  temperature and 
humidity, daily precipitation measured at 232 meteorological stations. Daily 
discharge database have been prepared to check the quality of  the model 
calculations in various gauges in the Amur basin.


Model of  Runoff Formation in the Amur River Basin
The application of  the regional hydrological model in the Amur River basin 
for the analysis of  formation conditions of  an extraordinary flood of  2013


Maps of  the spatial distribution of  the calculated values   of soil moisture to field capacity in the
Amur River basin to the first day of  the month in 2013 


Maps of  the spatial distribution of  the calculated values   of  snow water equivalent (mm) in the
Amur River basin to the first day of  the month in 2013 


Maps of  the spatial distribution of  the calculated values   of  runoff  depth (mm) in the
Amur River basin in different months during formation of  the flood in 2013


The calculation results showed that the greater part of  the Amur basin soils 
were close to saturation during spring flood, and the maximum of  soil moisture 
in the basin formed to May 2013. This was the result of  a snowy winter 2012-
2013, which led to the formation maximum of  snow water equivalent to April 
2013. As result of  heavy precipitation that fell on the moistened soils maximum 
of  runoff  depth formed during such months as: June – in the Bureya and 
Amgun basin, July – in the Zeya basin and tributaries of  the Ussuri River, 
August – in the Zeya, Bureya and Ussuri basins. In September, it was lag of  
water in the channel network.


The results of  the calibration and validation of  model of  
runoff  formation in the Amur basin
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Less leakages with better gaskets


Water leakages cost a lot of
money. Losing water costs more
than the price of the water itself.
A drop of lost water is the sum of
the costs of the total energy
needed for pumping, treatment
and supplying. Pipelines for
drinking water and sewage must
be always considered as a long
term invest. Gaskets for flanged
pipes and for valves must be
chosen for their quality.


The tightness of a montage
depends not only of the gaskets
but from its direct environment
(medium, pressure, temperature,
flange’s component and worker).
If one of the components is not
right, the leakage will occur.
Rubber steel gaskets were
developed 30 years ago to avoid a
lot of problems due to the
workers and the processes.
Rubber steel gaskets with lentillar
shape are safer and can be
mounted easier than common
rubber cutted gaskets.


In case of flanges for plastic
pipelines, rubber steel gaskets with
special shapes must be used with
very low torque forces. Indeed,
such flanges are not suitable for
asbestos gaskets: they require to
high surface pressure to be tight.
Rubber cutted gaskets loose with 
time their elasticity and leakages 
occurs


Rubber steel gaskets can be used in
pipelines from DN 15 up to DN
2000 and from PN 1 p to PN 40
(bar). Rubber steel gaskets cannot
be expulsed with water hammer.
Depending of the fluids, different
rubber qualities are required.


For higher pressure or bigger
dimensions, it is suitable to use gasket
with compression stop. In that case, the
torque forces (higher than the forces
due to the pressure of the medium) are
taken by the outer ring made in steel.
The inner ring made of rubber tights
the montage. This solution extends the
life of the gaskets and live as long as
the pipe itself. Such technical solutions
are suitable for steel, cast iron, or GRP
pipes.








Social innovation in responsible water use: 
international experience and lessons for 


Russia 


Alexandra Moskovskaya, Artem Berendyaev 
Center for Social Entrepreneurship and Social 


Innovation Studies 
 







The Nectandra Institute 
The Institute is a conservation organization conceived by Alvaro Ugalde with 3 
other specialists of Costa-Rican park system.  
The problem: lands outside parks are becoming dangerously deforested and 
more susceptible to climate change. Public and private conservation efforts are 
not enough and the communities needed to be involved in protecting and 
restoring the rivers and watersheds. 
The way: N. works side-by-side with rural communities to create and 
implement expert restoration projects on polluted rivers and exploited 
farmland, provides communities with the tools to protect their watersheds and 
the surrounding ecosystems, proposes an innovative finance strategy 
(ecological lending) that helps communities buy polluting and overused 
farmlands in order to restore, them with interest-free loans which have 
extended repayment options. 







Ľudia a voda 
The person: EUGEN TÓTH proposed a model of local environmental management that 
recognizes the important interconnections between the environment and the city  
(city of Prešov, Slovakia) and focus on holding water where it falls and then circulating 
it in the city area.  
The problem: Many contemporary cities see rainwater as a necessary inconvenience 
and it is often disposed from a city with waste and sewage. Losing this water leads to 
the creation of hot-city islands which over-dry the city, increase dust in the air and 
caused climate change. One of undesirable consequences is that high temperature air 
currents above cities may negatively influence the wind and push normal rainfall away 
from cities into surrounding mountains. 
The way: he increased public awareness with educational activities. apply various 
architectural, technical, and biotechnical approaches to hold and circulate rainwater 
so that it protects urban areas from negative environmental , incorporates water 
management into the city legislature, defines specific modules  of water absorption 
and culmination/ 







European Rivers Network 


The problem: 70 percent of the rivers, lakes and underground waters may 
be in very critical condition because of their over-exploitation and the 
effects of global warming. The work of organizations that deal with 
environmental protection and conservation of the river is fragmented and 
depended on different specializations and the subregional specificity. 
The idea: Roberto Epple has designed a “bottom-up” approach with ERN. 
He integrated organizations specializing in the management and 
preservation of river basins for fifty rivers into flexible network, proposed 
a river basin approach instead of country approach what enables him to 
spot every type of innovation used on every basin of European rivers and 
to instantly identify and share best practices. 
 







Social innovation mechanisms  


1 - Projects and innovative initiatives occur at the “bottom” and represent the 
personal initiative of professionals in the environmental protection, water 
management, agricultural sciences, etc. 
2 - The use of grassroots resources of people & vulnerable communities occurs 
through  their union, which goes through several stages before they become a social  
resource for change 
3 - An important link in accumulation of resources of citizens is their training, which 
combines: (a) dissemination of a new vision of the problem and its solution, b) 
transfer of specific and useful skills, that the task force can use in everyday life to their 
advantage 
4 - In parallel social entrepreneur refers to actors with larger economic resources or 
power than himself in search of their support and engagement. His/her professional 
knowledge is the primary tool of persuasion and engagement 
5 - The establishment of an organization for sustainable activities (training, 
consultancy, etc.) 
6 - Development of economic mechanisms for sustainable change: integration of the 
meager funds of citizens, the resources of the stronger players and the precarious 
economic resources (incl. usage of existing infrastructure in another way) 
7 - Participants and stakeholders become parts of interconnected and flexible 
structure, which is the driving force of change and implementation of new practices.  







Stakeholders engagement 


Practitioner 


State State 
struct
ures 


P P 
P 


Business 


Business 







Thank you ! 
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Hydrogeochemical model - the acid resistance of  water bodies depends on hydrological and 
geochemical factors.
Hydrological factor shows the amounts of  strong acids that can be supplied into a water body, depending 
on their concentration in winter atmospheric precipitation (Сstrong a.) and the share of  acidifying water 
during spring flood Qspring and the precipitation Qprecipitation falling on the lake surface during the 
whole year (ρ): 


ρ = (Qspring + Qprecipitation)/Qrunoff;      b = Сstrong a. · ρ
Qrunoff  - the mean annual volume of  runoff  from a lake.
The amount of  acidifying waters (ρ) is related to the specific catchment area of  a lake (∆Fspec.):


The amounts of  strong acids, supplied into a water body from all sources:


It follows from the above formulas that the higher the strong acid concentration in atmospheric 
precipitates, the greater their amount supplied into a water body; the greater the specific catchment area 
of  a lake, the greater the contribution of  spring flood; the smaller ∆Fspec., the greater the contribution 
of  the precipitation falling on the lake surface to the acidification of  a water body.


In the lakes of  the intermediate group (3<∆Fspec<15), the hydrologic component of  acidification is less 
pronounced.
Geochemical factor - the acid resistance of  a water body depends on the buffer capacity of  its water, which 
depends on acid-base equilibrium components. 


A critical (allowable) value showing the supply of  strong acids into a water body
bcrit. = ∆рНcrit.· β; ∆рНcrit. = 0.3 units.


The degree of  acidification was estimated using the method developed for several water bodies of  the 
Shuya River basin (Russia, Republic of  Karelia)


Allowable acid loads on water bodies based on a hydrogeochemical model
P.А. Lozovik, I.Yu. Kravchenko
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Fig. 1. Relationship between the maximum input of  strong acids into lakes and the 
lakes’ specific drainage area. (1) In the period of  spring flood, (2) at the expense of  
precipitation onto the lake surface, (3) total, (4) total by direct calculations for some 
lakes in the Shuya River basin.


Fig. 2. Layout of  the sampling stations in 
the Shuya River basin. 
(1) L. Syamozero, (2) L. Imatozero, 
(3)  Saariyarvenioki R., (4) L.Salon”yarvi,
(5) L.Vuontelen”yarvi, (6) L. Suoyarvi, 
(7) L. Iso-Pyukhyayarvi, (8) Shuya R.,
(9) L. Lizhmenskoe, (10) L.Pryazhinskoe, 
(11) L. Konchezero, (12) L. Ukshezero


The contribution of  spring flood water
to the acidification of  a water body


The amount of  precipitates
falling onto the lake surface


All of  the lakes differed in water exchange, the amount of  water supplied during spring flood, the 
amount of  atmospheric precipitates on the lake surface and buffer capacity. 


Table. Water balance elements, alkalinity (Alk), acidity (Acid), рН and 
buffer capacity (β) of  some lakes and rivers of  the Shuya River basin.
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The lakes with small specific drainage areas 
(∆Fspec<3) and a significant share of  
atmospheric alimentation are most heavily 
acidified due to the strong acids delivered 
with precipitation onto the lakes. The high-
drainage lakes (∆Fspec>15), as well as rivers, 
are most acidified in the period of  spring 
flood.


The share of  strong acids input varies from 0.3 to 2. The largest share of  strong acids was observed for 
the rivers and high-flow lakes Vuontelenjärvi, Salonjärvi and Suojärvi. The average concentration of  
strong acids in atmospheric precipitation was 0.015 mmol-eq./l (рН = 4.82). The amounts of  strong 
acids, supplied into the water bodies of  the Shuya River basin, is equivalent to changes in 
hydrocarbonate content by 0.3 – 1.8 mg/l, which corresponds to the change of  the рН value by 0.01 –
0.37 units. The most considerable change in рН is characteristic of  water bodies with high b (high-flow 
lakes Salonjärvi, Vuontelenjärvi, Suojärvi and the rivers Saarijärvenjoki and Shuya – ΔрН 0.15 – 0.37). 


To sum up, the results of  the study has shown that the acidification of  river water and high-
flow lakes is the highest during spring flood because of  meltwater supply from their catchment areas. 
Lakes with slow water exchange are resistant enough to spring flood, but the supply of  precipitates 
on the lake surface all year round is essential for them. In this respect, lakes with small specific 
catchment areas are less resistant to acidification. Lakes, whose catchment areas are close to their 
areas, are more readily acidified, and their water composition is commonly similar to that of  
atmospheric precipitation. 


If  the total strong acid value in 
atmospheric precipitates is 
0.0316 mmol-eq./l, which is 
equivalent to рН = 4.5, then 
the рН of  water will change 
by 0.01 – 0.78. In this case,
the acidification of  lakes 


Lizhmenskoe and Suojärvi
(ΔрН2 = 0.60) and high-flow lakes 
Salonjärvi and Vuontelenjärvi 
(ΔрН2 ~ 0.6 – 0.8) will increase 
considerably.


Lakes Konchezero, Ukshezero, Pryazhinskoe, Imatozero, Syamozero and Iso-Pyhäjärvi have 
sufficient alkaline reserve, which are due not only to the presence of  hydrocarbonates but also large 
water reserve (like in Lake Lizhmenskoe) for the neutralization of  acid meltwater supplied to a water 
body. The rivers Shuya and Saarijärvenjoki and high-flow lakes Vuontelenjärvi and Salonjärvi are 
vulnerable because large amounts of  meltwater are supplied into them from their catchment areas. 


The pH of  medium- and high-alkalinity water bodies, such as lakes Syamozero, Imatozero, 
Pryazhinskoe, Konchezero and Ukshezero and partly Lake Iso-Pyhäärvi, will not change substantially. 
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Fig. 1 The experimental setup for research of a centrifugal pump effect on the particles size 
of  the oil-water emulsion.


В1 – Feed line oil-water emulsion; В2 – Return line oil-water emulsion; 1 – Volume with  
original oil-water emulsion; 2 – Volume with emulsion after the pump; 3 – Faucet;         


4 – Pump; 5 – Pressure sensor; 6 – Water meter with a pulsed output; 7 – Resistance 
thermal converter; 8 – Sampling nozzle of  the original oil-water emulsion; 9 - Sampling 


nozzle of  the original oil-water emulsion after the pump; 10 – Centrifugal pump;          
11 – Heat calculator; 12 – Personal computer.


Research of  a centrifugal pump effect on the particles 
size of  the oil-water emulsion


For determining the composition of  a particulate emulsion was used 
“Fritsch Analysette 22 NanoTec”, laser diffraction analyzer of  the size of  the 
particle (Fig. 2). This analyzer can be used for measuring the size of  the 
particle in the range of  17 nanometers to 2500 micrometers. 


For supplying the liquid to the measuring cell analyzer uses pump with 
variable speed. The series of  experiments were made to determine the 
pump effect of  the analyzer at dispersion of  emulsion.  When the speed 
of  the pump had maximum level, the number of  particles (with an 
average diameter of  less than 10 microns) was 67.9%, but when pumping 
liquid moved gravity the number was 61%. Consequently, during the 
measurement of  particle size in oil-water emulsion the pump of  the 
analyzer crushes the oil, so to get objective results, it is necessary to 
disable it.


According to the presented method was made an experimental study. 
It shows of  the influence of  the centrifugal pump to the size of  oil 
particles passing through it.


a)                                              b)
Fig. 4. Distribution curves of  the particle in the oil-water emulsion.


a – when pumping liquid moved gravity; 
b - when the speed of  the pump of  the analyzer had maximum level.


The analysis (Fig. 3b, 4a) shows that the average particle diameter after 
going through the pump decreased from 8.3 microns to 7.3 microns. 
Therefore it can be concluded that the secondary emulsion with an 
average particle diameter less than 10 microns slightly crushed in the 
centrifugal pump.


In further experiments it is planned to obtain a mathematical model 
describing the dependence of  the average diameter of  the dispensed 
petroleum particles on various factors - the type of  pump, petroleum type 
(fuel oil, diesel fuel), the rotational speed of  the working organ of  the 
pump, the pressure difference at the pump, the coolant temperature, the 
initial concentration and level of  fragmentation of  the petroleum 
products.


Depending on the degree of  oil droplets fragmentation distinguish 2 
types of  emulsions. Primary emulsion contains oil droplets with a diameter 
more than 10 microns. If  diameter of  the particle declines less than 10 
microns, the emulsion becomes stable and does not separate even after long 
upholding. 


Removing of  finely dispersed petroleum products from the water is more 
complicated process than coarsely dispersed petroleum products. Therefore it 
is necessary to exclude the factors that contribute to the fragmentation of  oil 
particles in the emulsion. 


As a result of  the pump work oil particles goes thought additional 
fragmentation, that decline the average diameter of  the emulated particles and 
makes their further retrieval more complicated. The level of  fragmentation 
depends on many factors, the most important are - the type of  pump.


The aim of  this study is to investigate the emulsifying ability of  a 
centrifugal pump dispensing secondary oil-water emulsions with a particle 
diameter less than 10 microns.


Investigated emulsion consists of  tap water and motor oil API SM / GF-
4 SAE 5W-30 with concentration 100 mg/l. Firstly the emulsion was 
thoroughly mixed for 3 minutes, then advocated for 1 hour, in response the 
concentration of  oil declines to 35 mg/l. Eventually settling liquid was 
dispensed by the centrifugal pump with a dry rotor at level of  differential 
pressure of  0,4 MPa. In addition before and after the pump working two 
samples of  emulsion were taken (Fig. 1). 


)b)a
Fig. 3. Distribution curves of  the particle in the water.


a – without petroleum products; b – with petroleum products after the centrifugal 
pump;


First of  all the series of  experiments were made. One of  them was to 
determine the possibility of  measuring. For this the results of  
measurement of  the average diameter of  the particle in the "pure" water 
and oil-water emulsions after settling were compared. The analysis of  the 
"pure" water showed that 52.2% of  the particles contained in the water 
had a diameter less than 10 microns (Fig. 3a). The analysis of  the oil-water 
emulsion after passage of  the pump showed that its quantity increased to 
70.2% (Fig. 3b). Thereby it can be concluded that the device is able to fix 
the oil particles in the liquid. The second point is that settled liquid almost 
does not contain particles of  oil greater than 10 microns, and meets the 
existing theory. 


Fig. 2 Laser diffraction analyzer of  the size of  the particle “Fritsch Analysette 22 
NanoTec”.
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Vladislav Shelutko (Russian State Hydrometeorological University, St. Petersburg
State University, Russia), Elena Urusova (Russian State Hydrometeorological University, 
Russia)


12.45–13.00 Trends observed in plankton of Lake Baikal during monitoring program 
for 1945–2015 
Eugene Silow, Lyudmila Krashchuk, Konstantin Onuchin, Elena Pislegina, Olga Rusanovskaya, 
Svetlana Shimaraeva (Institute of Biology, Irkutsk State University, Russia)
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TOPIC : Modeling the effects of external nutrient reductions on algal blooms in 


hyper-eutrophic Lake Taihu, China
Peifang Wang, Yiping Li  
College of Environment, Hohai University, Nanjing, China 


Corresponding author: Yiping Li, Professor, liyiping@hhu.edu.cn, 1 Xikang Rd, Nanjing, 210098, Phone (86) 


13951787286 


Goal: Harmful algal blooms in Lake Taihu, China, are getting plagued due to excess 


nutrients loads. Despite several recent strict nutrient management strategies, especially to 


reduce the external nutrient loads, Lake Taihu still receives large amounts of nutrients from 


its tributaries. As a result, frequency and intensity of algal blooms have not abated as 


expected. This study is aimed at: (1) quantifying and analyzing the spatiotemporal 


distribution of external nutrient inputs via tributaries to the lake; (2) identifying the limiting 


factors in the heavily polluted lake regions using a calibrated mathematical model for the 


lake; and (3) predicting various scenarios of nutrient loads reduction 


Methods: The three-dimensional Lake Taihu eutrophication model based on the 


Environmental Fluid Dynamics Code (EFDC) was used to identify the limiting factors for 


algal growth and the effect of external nutrient loads reduction on water quality. The EFDC 


model was initially developed by the United States Environmental Protection Agency 


(Hamrick, 1992). It has been successfully applied to simulate hydro-dynamics, sediment 


transport, toxic contaminant transport and water quality-eutrophication components in coastal 


regions, estuaries, lakes, reservoirs, rivers, and wetlands. 


Outcomes and Conclusions: The modeling results showed that the limiting factor for the 


dominant algae (cyanobacteria) depended on seasonality and location. Water temperature 


affected algal growth in winter, while light was important for deeper water columns in all 


seasons. Phosphorus (P) and Nitrogen (N) impacted algal growth from spring to autumn. 


Results showed that Chlorophyll a (Chl-a) concentrations only decreased about 38%, 26% 


and 24% in Meiliang Bay, Zhushan Bay and Northwest Zone, respectively when 


implementing high nutrient reduction scenario (external N and P inputs reduced up to 80% 


and 50%). External nutrient reduction for both N and P is a prudent and likely most practical 


solution for reducing bloom potentials and overall trophic state of this currently hyper-


eutrophic system. However, achieving observable algal control is not likely in the short term 


and other ecological restoration tools will be required to battle with the legacy of several 


decades of nutrient over-enrichment. 
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Yangtze River Water Diversion into Lake Taihu for 
Algal Bloom Control in China: Is it Helping or 
Hurting? 


Yiping Li Professor 


Peifang Wang Professor 


Director, College of Environment 
Hohai University, China 


Email: liyiping@hhu.edu.cn 







Beijing 


Shanghai 


Hongkong 


Tibet 


Map of China 


Taihu Basin 


Yangtze 
River 


Yellow River 


Middle-Low 
Yangtze Plain 







Lake Poyang Lake Dongting 


Lake Taihu 


East China Sea 


From Qin et al 


Name
Number 


(＞1.0 km2) 
Area 
(km2) 


Eastern Plain 696 21171.6 


Taihu Basin 







Shang Hai 


Changzhou 


Shuzhou 


Wuxi 


18.6M 6.2M 


4.6M 


3.6M 


Area of the basin: 36,895km2 


Total population: 45.3 million 


Taihu basin is the most industrialized area in China with high population density, urbanization, 
and economic development. The basin area accounts for 0.4% of the Chinese territory land, but 
the GDP in the area accounts for 11% that of China  


Lake Taihu 


Water surface area：2,338 km2  


Mean depth：1. 9m (6.2 feet) 
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Algal Bloom Events in 2007 


During spring 2007, algal blooms led to the restriction of water 
supplies for approximately 5 million residents in Wuxi city. 


(太湖富营养化) 
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m: http://china.usc.edu/ShowArticle.aspx?articleID=146


7 Water 
Intakes 


March 
29, 


2007 


May 7, 
2007 
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The tap water was smelly. 
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From: www.chinadaily.com.cn/.../31/conte



http://www.chinadaily.com.cn/.../31/content_884102.htm
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New York Magazine 
—7 pages on eutrophication issues in Lake Taihu, China 







10 Yangtze River Water diversion to Lake Taihu 


Meiliang Pump station 


The designed maximal discharge :50 m3/s 


Title
0 370


Water Age (days)
Depth Averaged


Water Column
[Time 365.000]


N


5m/s
DS-INTL


DS-INTL


DS-INTL


DS-INTL


Original Water Transfer 
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Wangyu R. 
望虞河 


Taipu R.太浦河 


Yangtze R. 


Yangtze River Water diversion to Lake Taihu 


•Started since 2002 


Wangyu River Wangyu River Wangyu River 
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To understand the contributions of winds and transferred inflow 
rate from Yangtze River on the environmental benefit of Lake 
Taihu by using EFDC 
  To quantify the optimal transferred inflow rate from the original 
Yangtze River Diversion considering both environmental benefit 
and economic cost using the multi-objective optimization method; 
  To estimate the optimal discharge of two newly designed pump 
stations for the improved Yangtze River Diversions by the multi-
objective optimization method;  
To  assess the impacts of both original and improved Yangtze 
River Diversions on the migrating algal bloom in Lake Taihu. 


 Objectives 







EFDC model 环境动力学模型 


Model description 
 The model used for this study is based upon the well tested and 


widely used 3D Environmental Fluid Dynamic Code (EFDC) 


model, originally developed by Hamrick (1992) for USEPA.  


 The EFDC model is a public domain surface water modeling 


System incorporating fully integrated hydrodynamic, water quality 


and sediment-transport simulation capabilities. 


 EFDC can be used for 1, 2, or 3-D simulation of rivers, lakes, 


estuaries, coastal regions and wetlands. 
13 











Hydrodynamics


Dynamics
(E, u, v, w, mixing) Dye Temperature Salinity Near Field


Plume Drifter


 Three-Dimensional with 2-D and 1-D Options 
 Sigma Vertical Grid and GVC coordinate 
 Drying and Wetting of Shallow Regions  
 Hydraulic Control Structures 
 Wave Boundary Layers and Wave Induced Currents 


Model Description—水动力模块 


Methods 
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Model Description—Water ages （水龄） 


Methods 


Water age is defined as “the time that has elapsed since the 
particle under consideration left the region in which its age is 
prescribed as being zero” (Delhez et al. 1999) 
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where c is the tracer concentration,   is the age concentration, u is 
the velocity field in space and time domains, K is the diffusivity 
tensor, t is time.   is the average water age. 


α
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Model setup 
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Legend


Water Level Monitoring Site
Drinking Water Source


Lake Region Boundary
Surrounding River


Wanyuhe River


Taipuhe River


Station A


Station B


Station C


(1)


(2)


(3)


(4)


Rectangular Cartesian 
grids  (750 m × 750m)
Vertical evenly 
distributed 3-layer system 
Driven by atmospheric 
forcing, surface wind stress, 
and tributary 
inflow/outflow (30 primary
tributaries). 
Calibrated and validated 
by the year of 2000, and 
2005 


×


Li, Y.P., 2011. Modeling impacts of Yangtze River water transfer on water ages in Lake 
Taihu, China. Ecolological Engineering. 37, 325-334.







Boundary Condition and Initial Condition 


Model Setup 


1. Flow （入湖河流）


Surrounding rivers 


2. Wind （风场）


2.1 Wind Speed 
2.2 Wind Direction 


3. Atmospheric （大气条件）


3.1 Atmospheric pressure 
3.2 Air temperature 
3.3 Wet bulb temperature 
3.4 Rain fall rate 
3.5 Evaporation rate 
3.6 Solar short wave radiation at 


water surface 
Initial conditions included water surface evaluations, water column 
and bed temperatures, and water ages. The water age is ”zero” at 
inflow inlets of connecting rivers.  
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Uncertainty and sensitivity analysis 
(模型参数的不确定性和敏感性分析) 


Uncertainty of model parameters markedly affects the 
accuracy of numerical simulation. Thus, hydrological 
process is the basic of the study in the large shallow lake. 


 LHS (Latin Hypercube Sampling) 拉丁超立方抽样


 Uncertainty analysis 不确定性分析


 Sensitivity analysis  敏感性分析


Yiping Li--Hohai University, Nanjing, China 







Parametric  contribution 


  Wind drag coefficient （60～75%）＞Wind shelter coefficient 


（20%）＞Roughness height（2～12%）＞eddy viscosity 


coefficient≈turbulent diffusion coefficient (＜1%） 


Conclusion (Parametric uncertainty and sensitivity) 
(模型参数不确定性和敏感性分析结论) 
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Yiping Li, Chunyang Tang, Kumud Aacharya. 2013. 
Parametric  uncertainty and sensitivity analysis of hydrodynamic processes for a large s
hallow freshwater lake. Hydrological Sciences Journal. (In revision) 







Parametric spatial uncertainty and sensitivity 
(参数空间不确定性和敏感性分析) 
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Vegetation (植被类型、密度) 


Manning coefficient 
（曼宁系数）


Bottom shear stress 
(底部糙率、切应力) 


Winds (风场) 底泥分布


植被分布
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Parametric spatial uncertainty and sensitivity 
(参数空间不确定性和敏感性分析) 


Flume: current + wave 


vegetation----- emergent 
+ submergent 


current----- small +larger 


wave-----regular+irregular 


Sediment 


300 scenarios 


Yiping Li--Hohai University, Nanjing, China 
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An wave-current flume: glass-walled cycle flume with size 
of  30m×0.5m ×1m 


Wave-current-vegetation experiment set up  
(实验装置) 


Wave-current-vegetation 
experiment set up  
(实验装置) 
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Velocity and wave measuring equipment: A three dimensional 
sideways Macro-Acoustic Doppler Velocimetry (Macro ADV) 
and 10 wave  gauges. (流速仪ADV，波高仪) 


Yiping Li--Hohai University, Nanjing, China 
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Vegetation types : emergent vegetation (E); submerged 
（植物类型） vegetation (S); rigid emergent vegetation (R). 
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Yiping Li et al. 2013, Ecohydrology 


Yiping Li et al. 2013, Geomorphology. 







Model calibration—water level 
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 2 太湖湖流和波浪观测与模拟研究 
       湖流和波浪是太湖水动力的主要形式，是湖体内各


种物质（悬浮物，营养盐，藻类等）传输的动力，是研


究湖泊透明度的基础。  


内
容 


研究方法 


野外观测 


数值模型模拟 


Metrological 
station 


YSI 


ADP Wave 


     Field observation in Lake Taihu 
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Model calibration—Current 


Yiping Li--Hohai University, Nanjing, China 
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Model calibration—wave 







Model simulation scenarios 
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• Influence of flow rates on water age distribution   
Title


0 370


Water Age (days)
Depth Averaged


Water Column
[Time 365.000]


N


5m/s
DS-INTL


DS-INTL


DS-INTL


DS-INTL Title
0 370


Water Age (days)
Depth Averaged


Water Column
[Time 365.000]


N


5m/s
DS-INTL


DS-INTL


DS-INTL


DS-INTL


Title


0 370


Water Age (days)
Depth Averaged


Water Column
[Time 365.000]


N


5m/s
DS-INTL


DS-INTL


DS-INTL


DS-INTL Title
0 370


Water Age (days)
Depth Averaged


Water Column
[Time 365.000]


N


5m/s
DS-INTL


DS-INTL


DS-INTL


DS-INTL


Increased flow rates 
would not necessarily 
provide better exchanges. 


 The most efficient flow 
discharge of transferred 
water is approximately 
100 m3/s. 


Water transfers may 
preferentially influence 
some parts of the lake 
more than others. 


 


50m3/s 100m3/s 


150m3/s 200m3/s 


click 


Li et al. Ecological Engineering. 2012 
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P  
 


Track    


Day 100 
Day 365 


Day 70 Day  30 


water exchange between 
inner (e.g. Meiliang, 
Gonghu & Zhushang) 
and outer bays (e.g. 
Central Lake) were quite 
weak suggesting that 
transport of water not as 
effective in mixing and 
diluting the inner bay 
pollution. 


Particle tracking 


click 
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Influence of wind on water age 
distribution 
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Station C


  


Southeasterly winds —dominant in 
the summer—could aid water 
exchanges and improve the quality of 
water in the eastern areas of the lake, 
which are used as sources for 
drinking water, and in the most 
polluted Meiliang Bay. 
 
(东南风最有利于调水效果的发挥) 


Li et al. Ecological Engineering. 2012 
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The optimal flow rate from the Wangyu River:  
Economic benefit VS. Environmental benefit 


Multi-objective programming for water transfer in Lake Taihu 
多目标优化算法  
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( ) ( )Minimize 


Subject to ,


i i
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WA Q WA M Q My Q
S S


Q q q


− −
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∈


WA is water age , M is the cost of water transfer 
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120 m3/s 


The optimal flow rate from the Wangyu River:  
Economic benefit VS. Environmental benefit 


Li et al. Ecological Engineering. 2012 







The heavily polluted lake regions (i.e. 
Meilaing Bay, Zhushan Bay and west 
littoral) are not satisfied with the 
efficiency of the main water transfer 
route.  


However, Meiliang Bay is one of the 
severely polluted zones with two water 
intakes for Wuxi city.  
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Yiping Li--Hohai University, Nanjing, China 







38 Yangtze River Water diversion to Lake Taihu 


Pump station 


The designed maximal discharge :50 m3/s 
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The optimal pumping rate from Meiliang pump station 
梅梁湾泵站最佳抽水流量：对梅梁湾的改善效果 


Yiping Li--Hohai University, Nanjing, China 







为什么20m3/s时调
水效果最好呢？ 
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Why is 20 m3/s for the optimal discharge for Meiliang pump station 







0.5m  


Bottom elevation in 
Meiliang Bay 


Circulation in 
Meiliang Bay 41 


Li et al. Ecological Engineering. 2013. 







Conclusion 


The Yangtze River Diversion could play as an emergency method to 
temporarily dilute the heavy polluted water, enhance water exchange 
and ease water crisis in part of Lake Taihu but not for the entire lake. 
The effect of water transfer on water quality in the large shallow lake 
is strongly influenced by wind and inflow/outflow tributaries, the 
bottom  topography and location of the entrance of water transfer.  
Wind drag coefficient, roughness height and wind shelter is most 
important parameters in simulating hydrological process in large 
shallow lake, and viscosity coefficient and turbulent diffusion 
coefficient have few effect on model uncertainty of hydrodynamic 
process.  


Water age, a good variable to study the transport timescales of 
dissolved substances in this complex hydraulic system.  
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WATER QUALITY AND ECOSYSTEM HEALTH ASSESSMENT TO DEFINE 
ENVIRONMENTAL MANAGEMENT STRATEGIES: CASE STUDY OF VOLGA 


RIVER  
Moiseenko T.I.   


 
V.I. Vernadsky Institute of Geochemistry and Analytical Chemistry of RAS 


Kosygin Street 19, Moscow, GSP-1, 119991 Russia 
e-mail: moiseenko.ti@gmail.com 


 
Key-words: toxic impacts, water quality, metal bioaccumulation, ecosystem health,  
environmental management strategies.  
 


Abstract. Sustainable development assumes a balance between economic, social and 
environmental priorities. The ecotoxicological approach to the estimation of water quality and 
ecosystem health is gradually becoming accepted by increasing numbers of researchers. The 
Volga is the largest European river, large-scale contamination of the Volga River basin is caused 
by its geographical position within the most economically developed region of Russia. The basin 
contains 40% of the Russian human population, 45% of the country’s industry and 50% of its 
agriculture. A comprehensive assessment is presented of the ecotoxicological situation in the 
Volga River basin from the viewpoint of ecosystem health. Concentrations of organic and 
inorganic toxic substances in water are reported. Fish disease where analyzed to evaluate 
ecosystem health. Basic clinical and postmortem signs of fish intoxication are described; changes 
in the cellular structure of their organs and tissues, as well as disturbances in hemogenesis, 
developing under the effect of toxic agents, are characterized. Based on dose–effect 
dependencies calculated with respect to the total concentration of toxic substances, standardized 
to MPC, and fish health criteria, cases that exceed the critical levels of pollutants are 
demonstrated for the investigated river sections. Dose-effect relationships between integral water 
quality indices and ecosystem health indicators clearly demonstrate that existing water quality 
standards adopted in Russia are inadequate. Thus, we determine  a system that would dictate 
limits on loading (dose) based on monitoring the state ecosystem health (effect). A management 
system is outlined that is based on feedback from indices of ecosystem health and control over 
economic production and/or the amount of toxic loading produced. High economic profits 
conflict with ecological requirements: old technologies with no investments in environmental 
protection degrade the conditions of human life, deplete natural capital, further decrease the 
resilience, biodiversity, aesthetic and recreational value of the ecosystems. 
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Three prominent water quality indexes, namely, Weighted Arithmetic, Weighted and the 


Canadian Council of Ministers of the Environment water quality index were critically 


reviewed for their applicability to assess ground water quality. They were tested on ground 


water measurements obtained from 34 dairy farms in 2009 and 2013. Eight health related 


parameters were identified and limits assigned. A five point scale was used to classify the 


calculated indexes of the two years. Water quality index values of the indexes were also 


compared to a manual rating of the raw data to assess accuracy. Overall, the Weighted 


Arithmetic and the Weighted water quality indexes presented similar results that also 


matched the manual rating. Although the Canadian index included microbiological 


parameters, it is scientifically complex and requires multiple sampling rounds. It is 


recommended that the Weighted index is adjusted to be used as water health index for 


ground water in the Free State. 


 


Keywords: drinking water quality; ground water; water quality index; dairy farms 


 


The Weighted index is adjusted to be used as water health index for ground water in the 


Free State.  







Introduction 
Many farming and rural communities are solely dependent on ground water as their only 


source of drinking water (Mahvi et al., 2005). In the Free State, most dairy farms are 


totally reliant upon ground water for domestic use and all dairy activities. Water used in a 


dairy, must meet the required standard as prescribed in the South African National 


Standards 241 (SANS 2011). However, in South Africa ground water quality is rarely 


monitored. 


Dairy farm effluent, which refers to manure and urine deposited during milking, is diluted 


during washing down of a milking shed floor (Hooda et al., 2000). Animal waste in dairy 


effluent is a major source of pollution through nutrient enrichment of streams and ground 


water, which may in turn have a significant impact on the environment (Ali et al., 2006; 


Atalay et al., 2008; Kay et al., 2008; van der Schans et al., 2009). In South Africa, dairy 


farm effluent is discharged onto pastures and land by irrigation or flooding (Strydom et al., 


1993) and has been shown to pollute ground water (Tredoux et al., 2000). 


Water quality is described in terms of physical, chemical and microbial properties. One of 


the most effective ways to communicate the information with respect to water quality and 


water quality trends is through the use of a suitable index. The use of a Water Quality 


Index (WQI) was initially proposed by Horton (1965) and Brown et al,, (1970). Since that 


time, many different methods for the calculation of a WQI have been developed. 


Generally, most WQI consider physical and chemical parameters but differ in the way they 


calculate the index (Štambuk-Giljanović 1999).  


Most WQI determine water quality from the standpoint of suitability as a drinking water 


source (Yisa et al., 2012).  A WQI reduces the bulk of information into a single value by 


expressing water quality information in a logical and simplified form (Nasirian 2007; 


Gonzalez et al., 2012; Tyagi et al., 2013). This simplified form of expressing water quality 


data increases the level of understanding of water quality issues, particularly by non-water 


professionals, policy makers and the general public (Tyagi et al., 2013). 


The intention of a WQI is to assess the general state of water depending on a range of pre-


determined water quality parameters, which are then compared to a regulatory standard 







(Gonzalez et al., 2011). A WQI can be defined as a rating scale that describes the 


composite impact of different water quality parameters. It is usually dimensionless and 


expresses the relative magnitude of the composite components of water quality 


(Muthulakshmi et al., 2013).  


 


Few WQI consider microbial parameters in combination with physical and chemical 


parameters, and thus do not provide a holistic understanding of the health risk that water 


may pose on consumers. This study was undertaken to inspect, identify and test suitable 


water health index (WHI) that can be used on ground water in the Free State.  


 


Materials and Methods 


A review of the literature was undertaken to select WQI for ground water measurements in 


in the Free State Province that could be applied by environmental health practitioners and 


non-professional officials. Three prominent indexes were selected, namely the Weighted 


Arithmetic WQI (WA-WQI) (Brown et al., 1972), the Weighted WQI (W-WQI) (Tiwari 


and Mishra 1985; Jerome and Pius 2010) and the Canadian Council of Ministers of the 


Environment WQI (CCME-WQI) (CCME 2001). Both the WA-WQI and the CCME-WQI 


(CCME 2001) are widely used to assess water quality (Brown et al., 1972; Tyagi et al., 


2013; CCME 2001; UNEP 2007), while the W-WQI has been applied in various ground 


water studies (Tiwari and Mishra 1985; Ramakrishnaiah et al., 2009; Jerome and Pius 


2010).  


 


The selected WQI were critically reviewed for their applicability to assess ground water 


quality using eight WQI characteristics. These characteristics were based upon previous 


experience of the authors and the critical evaluation of WQI by Tyagi et al., (2013). The 


characteristics included the parameters used in the WQI calculation, number of sampling 


rounds, ease of implementation and mathematical formulations used.  


 


The selected WQI were then tested on ground water measurements obtained from 34 dairy 


farms in 2009 and 2013, located in the districts of Motheo, Xhariep and Lejweleputswa of 


the central Free State. WQI values were calculated for all the farms using the selected WQI 


and then rated using the five point scale as proposed by Ramakrishnaiah et al., (2009) 


(Table 1). A manual rating of the raw data was also undertaken through inspection, taking 


into account health risks, economic factors, number of parameters exceeding the limit and 







prior knowledge of health related water quality issues. The ratings of the respective WQI 


were then compared with the manual inspection ratings to ascertain how accurately the 


calculated WQI reflected the water quality by applying chi-square tests of independence at 


an alpha of 0.05.  


Table 1. WQI rating scale and respective WQI value ranges for the different WQI. 


Water quality rating CCME-WQI 
value range 


W-WQI 
value range 


WA-WQI 
value range 


Excellent > 95 – 100 < 50 0 – 25 


Good > 80 – < 95 > 50 – 100 > 25 – 50 


Poor > 65 – < 80 > 100 – 200 > 50 – 75 


Very poor > 45 – < 65 > 200 – 300 > 75 – 100 


Water unsuitable for drinking 0 – 45 > 300 > 100 


Ground water quality parameters that may pose a health risk to consumers or are of 


economic importance in the region were identified through consultation with experts from 


Mangaung Metropolitan Municipality in Bloemfontein, South Africa. Parameters such as 


arsenic, cadmium and lead were excluded from this list as they have not been associated 


with ground water measurements in the study area. Eight health related water quality 


parameters were identified. A health related limit was assigned to each of the parameters 


using the upper limit of the classification of marginal water quality as described by the 


WRC (1998). This implies that water of marginal quality may be used without health 


effects by the majority of individuals of all ages, but may cause some effects in some 


sensitive groups, such as people with medical conditions, babies, young children and the 


elderly. Economic factors such as increased soap consumption, scaling and corrosion of 


pipes were also taken into account. The devised limits were described in terms of drinking 


water and food preparation qualities at the specified health limit (Table 2). Overall, the 


health limits were less stringent than the drinking water quality limits of SANS for 


Drinking Water Quality (SANS 241 2011).  







Table 2. Health limits of ground water parameters in terms of drinking water and 


food preparation. 


 


Water quality 
parameter SANS 241 Health limit Drinking water Food 


preparation 


Chloride < 300 < 600  
(mg/L ) 


Increasing health 
risk to sensitive 


groups 


Increasing 
effects in 


sensitive groups 


Nitrate + 
Nitrite < 11 < 20 


 (mg/L as N) 


Slight chronic 
risk to 


some babies 


Slight chronic 
risk to 


some babies 


Sulphites < 500 < 600  
(mg/L ) 


Slight chance 
of initial 
diarrhoea 


in sensitive 
groups, but 


disappears with 
adaptation 


Slight chance 
of initial 
diarrhoea 


in sensitive 
groups, but 


disappears with 
adaptation 


Total 
Hardness NS < 600 


(very hard) 


Possible 
chronic effects 


in sensitive 
groups only 


Severe scaling 
of kettles 


Turbidity < 5 < 20  
(NTU) 


Possibility of 
secondary health 


effects 


Slight risk with 
e.g. salads 


pH 5  – 9.7 4  – 10 
 


Irritation 
of mucous 
membranes 


Irritation 
of mucous 
membranes 


Total 
coliforms 


 
 


< 10 
counts/100 ml 


 


< 100  
counts/100 ml 


Clinical 
infections 
unlikely in 


healthy 
adults, but may 
occur in some 


sensitive groups 


Clinical 
infections 
unlikely in 


healthy 
adults, but may 
occur in some 


sensitive groups 


E. coli Not detected < 10  
counts/100 ml 


Clinical 
infections 
unlikely in 


healthy 
adults, but may 
occur in some 


sensitive groups 


Clinical 
infections 
unlikely in 


healthy 
adults, but may 
occur in some 


sensitive groups 
NS = not specified for drinking water quality; NTU = Nephelometric Turbidity Units 







Results and discussion 


Critique of WQI 


A comparison of the three WQI revealed that all three indexes exceeded 60% (Table 3). 


The W-WQI (Tiwari and Mishra 1985) and the WA-WQI (Brown et al., 1972) were 


identical for all eight characteristics. Of particular interest was the inclusion of 


microbiological parameters by only the CCME-WQI (CCME 2001). However, this index 


is scientifically relatively complex and also requires multiple sampling rounds making its 


use more challenging for use by non-professional officials. 


 


Table 3.  Scores of the selected WQI using eight WQI characteristics. 


WQI characteristics 
CCME-


WQI 
(2001) 


W-WQI 
(1985) 


WA-WQI  
(1972) 


Inclusion of physical properties Yes Yes Yes 


Inclusion of chemical properties Yes Yes Yes 


Inclusion of microbiological 
properties 


Yes No No 


Inclusion of different sampling 
rounds 


Yes No No 


Can be adapted to include 
additional parameters  No Yes Yes 


Can be calculated using a single 
round of measurements No Yes Yes 


Simple formula or equation 
(ease of use for non-
professionals) 


No Yes Yes 


Ease of interpretation Yes Yes Yes 


Score out of 8 5 6 6 
 


Test of WQI  


The different WQI were compared with one another and with the manual inspection rating 


to identify the most appropriate WQI for ground water in the Free State. The results 


showed that the WQI values of the CCME-WQI (CCME 2001) were biased towards 


acceptable water revealing that 94% of the farms had either excellent or good water (Table 


4). Although the WQI values of W-WQI (Tiwari and Mishra 1985) and WA-WQI (Brown 







et al., 1972) were relatively similar and spread more evenly over the categories, the W-


WQI (Tiwari and Mishra 1985) appeared to be more stringent than the WA-WQI (Brown 


et al., 1972). 


 


Table 4. Water quality index values calculated for the farms using the different 


indexes. 


Farm  


number 
CCME-WQI W-WQI WA-WQI 


Manual inspection 


rating 


1 96.8 73.9 25.0  


2 96.8 130.8 37.1  


3 94.3 385.8 347.2  


4 94.8 285.6 167.0  


5 96.1 152.7 29.8  


6 92.1 768.7 674.5  


7 96.7 158.0 124.7  


8 96.8 127.1 40.0  


9 84.3 1603.9 1822.7  


10 96.1 132.0 47.4  


11 97.7 85.2 14.7  


12 97.7 225.5 28.2  


13 97.7 114.0 87.5  


14 97.7 50.7 6.8  


15 89.4 1058.6 1154.6  


16 60.2 4057.1 4460.6  


17 96.8 91.1 51.5  


18 96.8 71.5 44.8  


19 96.8 105.5 33.3  


20 89.9 1035.2 1014.6  


21 83.3 1839.9 989.9  


22 97.7 38.4 10.0  


23 92.3 781.5 856.0  


24 96.4 225.5 27.8  


25 97.7 94.3 75.6  







26 56.0 4432.6 1845  


27 95.0 264.6 40.0  


28 95.0 286.9 1162.0  


29 96.0 222.9 91.0  


30 100.0 35.4 35.0  


31 100.0 34.8 12.0  


32 98.0 53.3 14.0  


33 98.0 59.3 39.0  


34 90.0 996.4 459.0  


Excellent 21 3 6 3 


Good 11 8 11 10 


Poor 0 7 1 8 


Very poor 2 6 3 2 


Unacceptable 0 10 13 11 


 


Chi-square tests of independence were performed on the data comparing the 


different WQI ratings with the manual inspection rating. Taking into account the 


assumption of the limit on class sizes, namely, that no more than 20% of the expected 


counts should be less than five and all individual counts should be one or greater, the rating 


categories were grouped. Group acceptable (A) comprised of categories of excellent and 


good, while group unacceptable (U) comprised of categories poor, very poor and 


unacceptable. The chi-square tests revealed that the WQI values of the CCME-WQI 


differed significantly from those of the manual inspection rating (Table 5). However, the 


tests also revealed that WQI values of the W-WQI and WA-WQI did not differ from the 


manual inspection rating.  


  







Table 5. Contingency tables of the chi-square tests comparing WQI rating with the 


manual inspection rating showing observed values and expected values in parentheses. 


 


Class 
CCME-


WQI 
Insp Total  


W-


WQI 
Insp Total  


WA-


WQI 
Insp Total 


A 
32  


(22.5) 


13 


(22.5) 


45  11 


(12.0) 


13 


(12.0) 


24  17 


(15) 


13 


(15) 


30 


 


U 
2 


(11.5) 


21 


(11.5) 


23  23 


(22.0) 


21 


(22.0) 


44  17 


(19) 


21 


(19) 


38 


Total 34 34 68  34 34 68  34 34 68 


 χ2 = 23.7; DF = 1;  


p = 0.000 


 χ2 = 0.258; DF = 1;  


p = 0.612 


 χ2 = 0.954; DF = 1;  


p = 0.329 


A = Acceptable water comprising of categories excellent and good; U = unacceptable 


water comprising of categories poor, very poor and unacceptable; Insp = Manual 


inspection rating;  χ2 = Chi-square value; DF = degrees of freedom; p = probability 


 


Conclusions 


When selecting a WHI for ground water it is important that the index provides an accurate 


reflection of ground water quality for human health, indicating to environmental health 


practitioners and decision makers the status of the quality of the ground water and where 


interventions are needed. This study showed that the mathematical calculations of the W-


QWI and the WA-WQI, using the health related parameters, could be adjusted and used as 


a WHI for ground water. W-WQI is probably the better choice, because its water 


classification values were visually closer to that of the manual rating. In contrast, the 


formulations of the WA-WQI do not accommodate zero limits in the standards with ease. 


This complicates the calculation of a WHI when using parameters with limits of zero. 


Therefore, it is recommended that the W-WQI is modified to include health related 


parameters and used as a WHI for ground water in the Free State.  
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Introduction to dairy 
farming in South Africa 


Dairy farming in the Province of the Free State 







Introduction to dairy 
farming in South Africa 







Introduction to dairy 
farming in South Africa 


Free State  
 
 4th largest dairy producer in SA 
 
 More that 800 dairy farms 
 
 Relatively small herds  
 –  In the order of 30 – 100 cows 
 –  Few larger farms with few  
  hundred cows 
 







Introduction to dairy 
farming in South Africa 


Dairy farming 
 
Uses water in all steps 
 
  Cleaning, sanitisation, heating, cooling, washing 
 
  Many litres of wastewater is generated 
 
  Wastewater from dairy operation 
 - Source of pollution  
 - Nutrient rich 
 - Usually discharged on pastures 







Introduction to dairy 
farming in South Africa 


In the Free State ground water is used 
 
  In dairy operations 
  For domestic use 
 


Ground water is rarely monitored  
in the Free State 







Aim 
The aim 
 
To design a ground water monitoring tool that can 
be used in the Free State 


 
 


  This was achieved by constructing a  
 water health index 
 
 Referred to as the WHI 







Methods 
Water quality information is often described with an 
index 
  
WQI 
 
  Many different WQI 


 
  Differ in the way the index is calculated 


 
  All indexes 
 - Reduce the bulk water quality information 
 - Logical and simplified form of the bulk data 
 - Single descriptive value of the water  
  quality 


 
 
 







Methods 
We undertook a literature search for possible WQI that 
could be used for ground water monitoring 


 
  3 prominent WQI were selected and reviewed 


 for ground water application based on: 
 


 - Personal experience 
 - Critical reviews of literature 
 - Water quality parameters included 
 - Number of sampling rounds 
 - Mathematical formulations 
 - Ease of implementation  
 
 These WQI were tested on the data collected 
 on 34 dairy farms in the Free State over 2 
 rounds 
 


 
 







Methods 
Selected WQI 


 
–  Canadian Council of Ministers of 


the  Environment WQI (CCME-WQI) 
 (CCME 2001) 


 


–  Weighted WQI (W-WQI)  
 (Tiwari and Mishra 1985; Jerome and Pius 2010) 
 


–  Weighted Arithmetic WQI (WA-WQI) 
 (Brown et al. 1972)  
 







Methods 
For each WQI a water quality rating scale was 
constructed 


 
Water quality rating CCME-WQI 


value range 
W-WQI value 


range 
WA-WQI 


value range 


Excellent > 95 – 100 < 50 0 – 25 


Good > 80 – < 95 > 50 – 100 > 25 – 50 


Poor > 65 – < 80 > 100 – 200 > 50 – 75 


Very poor > 45 – < 65 > 200 – 300 > 75 – 100 


Water unsuitable 
for drinking 


0 – 45 > 300 > 100 







Methods 
Selection of 8 water quality parameters  
to calculate the index 
 
 Potential health risk to consumers  


 
 Economic importance 


Turbidity 
pH 


Chloride 
Nitrate + nitrite 
Sulphite 
Total hardness 


Total coliforms 
E. coli 







Methods 
Health limits were devised 


 
Water 
quality 


parameter 
SANS 241 Drinking water Food preparation Health limit 


Chloride < 300 
Increasing health 
risk to sensitive 


groups 


Increasing 
effects in 


sensitive groups 


< 600  
(mg/L ) 


Nitrate + 
Nitrite 


< 11 
Slight chronic 


risk to 
some babies 


Slight chronic 
risk to 


some babies 


< 20 
 (mg/L as N) 


Sulphites < 500 


Slight chance 
of initial diarrhoea 


in sensitive 
groups, but 


disappears with 
adaptation 


Slight chance 
of initial diarrhoea 


in sensitive 
groups, but 


disappears with 
adaptation 


< 600  
(mg/L ) 







Methods 


Water quality 
parameter SANS 241 Drinking water Food 


preparation Health limit 


Total 
Hardness NS 


Possible 
chronic effects 


in sensitive 
groups only 


Severe scaling 
of kettles 


< 600 
(very hard) 


Turbidity < 5 
Possibility of 


secondary health 
effects 


Slight risk with 
e.g. salads 


< 20  
(NTU) 


pH 5 - 9.7 
Irritation 


of mucous 
membranes 


Irritation 
of mucous 


membranes 


4 - 10 
  


Health limits were devised  
 







Methods 


Water quality 
parameter SANS 241 Drinking water Food preparation Health limit 


Total coliforms 


  
  


< 10 counts/100 
ml 
  


Clinical infections 
unlikely in healthy 
adults, but may 
occur in some 


sensitive groups 


Clinical infections 
unlikely in healthy 
adults, but may 
occur in some 


sensitive groups 


< 100  
counts/100 ml 


E. coli Not detected 


Clinical infections 
unlikely in healthy 
adults, but may 
occur in some 


sensitive groups 


Clinical infections 
unlikely in healthy 
adults, but may 
occur in some 


sensitive groups 


< 10  
counts/100 ml 


Health limits were devised  
 







Results 


WQI characteristics CCME-WQI W-WQI WA-WQI  


Inclusion of physical properties Yes Yes Yes 


Inclusion of chemical properties Yes Yes Yes 


Inclusion of microbiological properties Yes No No 


Inclusion of different sampling rounds Yes No No 


Can be adapted to include additional 
parameters  


No Yes Yes 


Can be calculated using a single round of 
measurements 


No Yes Yes 


Simple formula or equation (ease of use 
for non-professionals) 


No Yes Yes 


Ease of interpretation Yes Yes Yes 


Score out of 8 5 6 6 


Critique of 3 WQI 







Calculated WQI for the 34 farms 
 
Performed a manual inspection to rate the WQ 


Rating CCME-WQI W-WQI WA-WQI 
Manual 


inspection rating 


Excellent 21 (62%) 3 (8%) 6 (18%) 3 (8%) 


Good 11 8 11 10 


Poor 0 7 1 8 


Very poor 2 6 3 2 


Unacceptable 0 10 13 11 


Results 







Water quality rating of the WQI  
compared to manual inspection 
 
 Chi square test of independence 


Results 


WQI CCME-WQI W-WQI WA-WQI 


Probability  p = 0.000 p = 0.612 p = 0.329 


Significant Not 
significant 







Conclusion 


The results indicated that: 


One index was superior - W-WQI 


 Water quality rating was closest to manual rating 


 Can be modified and used as a WHI for the Free State 


 Able to accommodate parameters with limits of zero 


 The ease of use makes it a suitable tool for water 
professionals who have to communicate information to 
decision-makers and non-professionals such as the farmers 







Thank you 


Leana Esterhuizen 


E-mail: lesterhu@cut.ac.za 







EIBEX – ENVIRONMENTALLY INTEGRATED BASIN EXPERIMENTS 


ABSTRACT 


The presentation establishes as academic framework the evaluation of the 


hydrometeorological and environmental behavior in the highlands of the state of Rio de 


Janeiro, covering urban, agricultural and forested regions, based on the consolidation of 


the knowledge of hydrological studies developed in Brazil for various national river 


basins. We emphasize the use of remote sensing in conjunction with computational 


numerical models, with a view to the development and evaluation of methodologies and 


hydrometeorological and atmospheric parameterizations in the river basin scale. 


Additionally, it is argued that it is essential to articulate obtaining basic field data from 


in situ monitoring and remote sensing technologies, enabling multidisciplinary studies 


on modeling of water resources, with emphasis on the physical aspects of the 


understanding of the hydrological cycle and evaluation of climate change. This 


perspective is integrated with a social vision of the physical system of the basin, so that 


provide updated information to society. 


For this presentation, the following objectives are highlighted: 


• develop and implement models that address hydrometeorological


phenomena of surface hydrology and groundwater hydrology in order to


forecast streamflows and water level during critical events (flood and


drought) in river basins;


• evaluate the use of remote sensing technology in monitoring surface and


groundwater flows; 


• study methodological approaches for determining areas subject to


flooding and monitoring of soil moisture using remote sensing, geophysics and 


global positioning; 


• build a geographical information system with a single base map at the


river basin scale, which allows to perform hydrometeorological modeling by 


integrating different sources of data. 







 


EIBEX - Environmentally Integrated Basin 


EXperiments  


 


  
Otto Corrêa Rotunno Filho  


Civil Engineering Program - COPPE/UFRJ 


 BRICS WATER FORUM 


September 29-30, 2016 – Moscow, Russia 







Outline of the Presentation 
1. Objective of the research work


2. Importance of the study in the context of
rainfall-runoff modelling and remote sensing


3. Brief  review of previous works that support
the proposal


4. Ongoing work at Piabanha river watershed
and  in the Amazon basin


5. Conclusions and Recommendations


2 







1. Objective


BROAD OBJECTIVE


 Improvement of the input of distributed
hydrological modeling through remote sensing


MORE SPECIFICALLY


Obtain the water and energy balance at the
watershed scale  based on:


• Rainfall-runoff  models


• Remotely sensed images and in situ 
measurements/field campaigns
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2. Importance of the research work  


 In the framework of Rainfall-Runoff Models 
 
 Hydrology: Movement, distribution and storage of 


moisture;   
 


 Models try to represent the land phase of the hydrological 
cycle;  
 


 Development of physically based models;  
 


 Data requirements are extensive 
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2. Importance of the research work  


 In the framework of Remote Sensing 
 


 Remote sensing provides a relatively new data set (e.g. 
SAR images/Landsat images) - water balance and energy 
balance at the field scale and at the watershed scale; 


 
 Better understanding of the eletromagnetic signal in 


hydrological terms is still needed; 
 


 SAR images – dielectric properties of the soil are function 
of the moisture content; 


 
 Optical images/thermal bands – Land use/Soil cover, 


vegetation index  and land surface temperature (LST);    
 5 
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CASE STUDY  


 


 


 


SÃO FRANCISCO RIVER 
WATERSHED 


Grande


Corrente


Paracatu


Velhas


Urucuia


Pajeú


Alto Grande


Pará


Verde e Jacaré


Salitre


Verde Grande


Brígida


Pacuí


Carinhanha


Curaçá
Macururé


Moxotó


Pontal


Paraopeba


Jequitaí


Paramirim, Santo Onofre
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Pardo e Manga


Garças Terra Nova
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do Alto S.F.


Alto Ipanema
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S. Francisco (SE)
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e Formoso


Curituba


Talhado


Alto Preto


BA


MG


GO


PE


AL


SE


DF


Unidade hidrográfica


Divisão fisiográfica


Hidrografia


Limite Estadual


LEGENDA


 


UPPER 


MIDDLE 


LOWER MIDDLE 


LOWER 


Source: ANA, 2004 







/ 38 8 


CASE STUDY (CONT.) 


SOIL COVER: bare soil, cultivated pasture, transition cerrado/caatinga, dry rice, secondary 


vegetation 


Source: Sano e Assad (2003)  
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 SMEX03 (2003) – Report Sano e Assad (2004); 


 12 sampling sites between the cities of Barreiras and Luís Eduardo 
Magalhães-BA; 


 7 days of measurements (02 to 08 December 2003); 


 Measurements performed with a Theta Probe (each 15 min.) and by the 
gravimetric method. 


 


MEASURED FIELD SOIL MOISTURE  


Theta Probe 
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MEASURED FIELD SOIL MOISTURE 
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METHODOLOGY 


REGIONAL CHARACTERIZATION 


(MAPPING OF FLOW GAUGES AND CORRESPONDENT DRAINAGE BASINS) 


EVALUATION  OF RAINFALL AND FLOWS DATASETS 


(STATISTICS, MISSING DATA AND THIESSEN) 


DETERMINATION OF EVAPOTRANSPIRATION -EVPT 


(“PENMAN+LONG-TERM” X “BHS:WATER BALANCE”) 


INITIAL HYDROLOGICAL INFORMATION (PARAMETERS, STATE VARIABLES -NSOL, NSUB- 


,TIME DELAY HISTROGRAM- VTDH) 


HYDROLOGICAL SIMULATIONS 


(BASELINE SIMULATION + ALTERNATIVE SIMULATIONS) 


AUTOMATIC CALIBRATION (1984-2004) 


SOIL MOISTURE RESULTS AND CONCLUSIONS   
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SUB-BASINS CHOSEN FOR THE STUDY 
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Áreas de Drenagem e áreas amostradas para umidade SMEX03


Posto Fluviométrico A.D. (km²) A.Umid. (km²) A.Umid./A.D. (%)


Fazenda Redenção 5.199,31 236,83 4,56


Barreiras 25.478,74 324,56 1,27


São Sebastião 35.178,83 989,84 2,81
Taguá 37.522,48 1.061,97 2,83


Fazenda Macambira 41.179,52 1.061,97 2,58
Boqueirão 71.125,06 1.061,97 1,49
Bacia do Rio Grande 78.898,10 1.061,97 1,35
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SMAP II RAINFALL-RUNOFF 


Reservoirs 
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HYPERBOLIC SMOOTHING METHOD 


In summary: eliminate the discontinuities due to “IF/THEN” structures, 
fitting a continous differentiable function 
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HYDROLOGICAL VARIABLES 


  PRECIPITATION – Grande river watershed CONT.) 
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HYDROLOGICAL VARIABLES   
AVERAGE MONTHLY RIVER FLOWS (CONT.) 
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EVAPOTRANSPIRATION DATA (CONT.) 


2. Seasonal Water Balance Method (BHS), Dias e Kan (1999)  
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EVAPOTRANSPIRATION DATA (CONT.)
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Estimativas de KSUB e KSUP - Fazenda Redenção 


(recessões de 02/01/86 a 02/06/86 e de 12/01/02 a 10/03/02)
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EVAPOTRANSPIRATION DATA (CONT.) 


 BHS Method, results for  E (uneven intervals) 


 Comportamento da Evapotranspiração pelo Método BHS - Local: Fazenda Redenção
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Statistics for the simulations - Equations: 


 Correlation coefficient (R): 


 


 Mean Error (EM): 


 


 Reduced Mean Square Error (ERM): 


 


 Squared Mean Error (EMQ): 


SIMLATION RESULTS  
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Statistics for the simulations (validation period) - Results: 


1. Faz. Redenção 


 


SIMULATION RESULTS (CONT.) 


Medidas Estatísticas - Fazenda Redenção


R EM ERM EMQ


Sim. Referência 0.724 -1.376 0.810 13.292


Estudo 1 0.598 4.212 1.030 14.993
Estudo 2 0.526 -9.251 1.628 18.848
Estudo 3 0.490 0.727 1.180 16.046
Estudo 4 0.683 6.075 1.239 16.797
Estudo 4A 0.601 4.055 1.144 15.346
Estudo 5 0.669 -2.877 0.932 14.259
Estudo 6 0.558 6.777 1.191 16.121
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SOIL MOISTURE RESULTS – SMAP MODEL 


1. Fazenda Redenção – Full hydrological record 
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SOIL MOISTURE RESULTS – SMAP MODEL 


1. Fazenda Redenção – 02 to 08 December 2003 
 


UMIDADES DO SOLO NA REGIÃO DE ESTUDO - Reais x Simuladas


FAZENDA REDENÇÃO


0.0000


0.0500


0.1000


0.1500


0.2000


0.2500


2/12/2003 3/12/2003 4/12/2003 5/12/2003 6/12/2003 7/12/2003 8/12/2003


Datas


U
m


id
a


d
e


s
 (


%
)


BA-06 BA-07 BA-08 BA-09 BA-10


BA-11 BA-12 BA-13 BA-14 BA-15


BA-16 BA-17 MÉDIA MÍNIMAS MÁXIMAS


SIMUL. REF. SIMUL 1 SIMUL 2 SIMUL 3 SIMUL 5







/ 38 25 


SOIL MOISTURE RESULTS – SMAP MODEL 


1. Fazenda Redenção – Direct comparison of soil moisture values – 
Baseline Simulation (volumetric) x SMEX03 (volumetric) – Set A 
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COMPARAÇÃO DIRETA ENTRE VALORES DE UMIDADES SIMULADAS E REAIS


Simulações dos estudos 1 e 3 x SMEX03 - Fazenda Redenção
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SOIL MOISTURE RESULTS – SMAP MODEL 


1. Fazenda Redenção – Direct comparison of soil moisture values – 
Baseline Simulation (volumetric) x SMEX03 (volumetric) – Set B 
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CONCLUSIONS 
1. The main challenge of  hydrological modeling a middle size watershed in the


Northeastern region with a lumped model using  automatic calibration- 
smoothing hyperbolic method- was performed with good results;


2. A methodology for defining the initial set of model parameters for calibration
based on hydrologic information available was used with success;


3. The seasonal water balance method for estimating potential evapotranspiration
provided adequate results for the Faz. Redenção watershed(5.200 km²)


4. The results for the comparative analysis of the behavior of the measured soil moisture for
the first 7 days of December 2003 and the soil moisture calculated by the model were
stimulating, although the period of measured data available was very short







MAPEAMENTO DA EVAPOTRANSPIRAÇÃO REAL E 
UMIDADE DO SOLO ATRAVÉS DE SENSORES 
TERMAIS DE ALTA E MODERADA RESOLUÇÃO 
ESPACIAL NA BACIA DO RIO SÃO FRANCISCO  
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São Francisco River watershed   8% do Brasil 


Six States (MG, BA,  GO, PE, AL, SE) and Federal District 


Multiple Uses: 
 Irrigation 
 Energy Production 
 Urban Water Supply 
 Water for animals  
 Recreation 
 Fishing 
 Navegation 


Watershed Management 
  


Soil moisture 


Evapotranspiration 


Energy fluxes 


Motivation 







Methodoogy – Pluviometric regionalization 


 


Rain Gauges dataset – ANA (HIDROWEB) – 105 rain gauges 
Applied Methods: correlation matrix, k-means and minimum variance 







Methodology – Pluviometric regionalization


Estrutura da segmentação dos postos pluviométricos obtidos via k-médias 
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Scheme of SEBAL Algorithm 
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Results  - TRMM 


Increase of the total amount of precipitation 
in the  time period 15/10/2004 a 13/11/2004 







Results  - Rn 


Mais elevados Rn 
Baixo albedo 







Results - H 


Média: 
380 W.m-2 


Média: 
110 W.m-2 


Média: 
375 W.m-2 







Results - ET 


Média: 
72 W.m-2


Média: 
482 W.m-2


Média: 
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Média:359 W.m-2 







Results  - ET real diária 


Média: 
0,94 mm/dia 


Média: 
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Example: Urban heat island (UHI) (JURSE 2013) 


Algorithms implementation for land surface 
temperature estimation based on Landsat data 
as an indicator of urban heat island 


• Andrews José de Lucena – DEGEO-IA/UFRRJ; 


• Leonardo de Faria Peres – IGEO/UFRJ; 


• Otto Corrêa Rotunno Filho – COPPE/UFRJ; 


• José Ricardo de Almeida França - IGEO/UFRJ 


•   
• São Paulo, April  21-23. 2013.                         
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5.1. Objective 


BROAD OBJECTIVE


Contribution to the studies about Urban Heat
Island (UHI) in tropical urban regions


MORE SPECIFICALLY


Estimation of the  land surface temperature (LST)
for the Metropolitan Area of Rio de Janeiro (MARJ)
using thermal infrared band of the satellites
Landsat 5 and 7 with the corresponding sensors
thematic mapper (TM) and enhanced thematic
mapper plus (ETM+), respectively;


39 







5.2 Importance of the research work 


 Landsat images allows the investigation of urban climate
and its relationship with water balance and energy
balance at the watershed scale; in addition Landsat
images are possibly the main sources of remotely sensed
data available in Brazil and in the world;


Most part of the research works uses brightness
temperature, which is associated with the radiance at the
top of the atmospheric layer, as an estimation of the land
surface temperature (LST); therefore it should be
recommended to include atmospheric correction.
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5.3. Methodology 


3.1. Selection  and image 
processing procedures – 99  


Landsat-5 e 7 images between 
1984 and 2010 


3.2. Geometric and radiometric 
correction 


3.4. Estimation of land 
surface temperature (LST) 


obtained based on the  
brightness temperature and 


on a correction factor 


3.5. Composition of the 
maximum temperature values 


composition (MVC) 
41 


3.3. Cloud masking 







5.3 Methodology – Case study 


Landsat 5-TM image 217_76 (June 18, 1994 -RGB – bands 5,4 3 ) 
Metropolitan Area of Rio de Janeiro (MARJ) 42 







5.3 Methodology – Case study 


Political configuration of the MARJ                                                             
67 







5.3 Methodology – Application of the 
correction factor  


The correction factor takes into account the
atmospheric influence and actual emissivity in
the signal registered by the sensor on-board.


Therefore it is required to know different
atmospheric parameters such as the atmospheric
transmittance, the mean temperature of the
atmospheric layer and the land surface emissivity
(LSE).
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5.3 Methodology – Application of the 
correction factor  


• the LST retrieval in this study is based on an 
algorithm [5], which applies a correction factor to 
brightness temperature 
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5.3 Methodology – Application of the 
correction factor  
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5.3 Methodology – Application of the 
correction factor  
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5.3 Methodology – Application of the 
correction factor  


 to retrieve LST it is necessary to know different 
atmospheric parameters, namely, atmospheric 
transmittance and the effective mean atmospheric 
layer temperature, and also the LSE. 


 The effective mean atmospheric layer temperature 
was obtained according to as follows: 


 


 


where T0 is the air temperature at 2 meters. 
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5.3 Methodology – Application of the 
correction factor  


 The atmospheric transmittance was computed based
on an empirical relationship that uses the water vapor
content w in g.cm-2 as input:


 Values of water vapor were achieved based on the
relative humidity and the saturation pressure of water
vapor according to Leckner equation as follows:
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5.3 Methodology – Application of the 
correction factor  


where UR is the relative humidity and es is the 
saturation pressure of water vapor in hPa, based on 
equation: 


 


 


 


 Finally, LSE is retrieved based on an algorithm that 
relates emissivity and the vegetation index NDVI: 
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5.3 Methodology – Application of the 
correction factor  


where NDVI is obtained according to the equation: 


 


 


 


where p3 and p4 are, respectively, the reflectance in 
bands 3 and 4; 


 LST values, initially in Kelvin (K) were subsequently 
converted to degrees Celsius (°C).  
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5.4 Results 
 Land use mapping using Landsat images – MARJ 1980, 1990 and 2000 


Changes  in the classes of  land use between  the decades of 1990 and 1980 (left) and between the 
decades of  2000  and  1980 (right) 


Percentage of the  
classes of land use for 


each decade 
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5.4 Results   
Maximum  Composition Temperature Values –  MCV 


MCV  for the LST in the  MARJ  - decade of 1980 (left)  and  of  2000 (right) 
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5.4 Results  


54 


LST for the MARJ using the technique of  the  MVC (1984 to 2000) 
 







Results  
Land use mapping using Landsat images – MARJ 1980, 1990 and 
2000 


. 
                                        79 







 Final results – Urban Heat Islands  
Mapping of the differences between the classes “urban” and 
“vegetation” - (MCV) 


Decade 1980 (on the left) and decade 2000 (on the right) 
 83 







Final results 
Maximum  Composition Values –  MCV 


TSC, NDVI e IBI – Values in Celsius degree ( 0C) 


Temporal  variation of the Urban Heat Island – MARJ - 1980 to 2000  (mean of the MCV) 


média DP média DP média DP média DP média DP média DP média DP média DP média DP
TSC 37,95 3,78 31,20 3,42 33,66 3,24 42,64 4,34 35,14 3,15 36,65 2,72 51,00 3,84 44,04 2,57 46,08 2,89
NDVI 0,45 0,18 0,70 0,10 0,67 0,08 0,48 0,14 0,69 0,08 0,67 0,06 0,47 0,17 0,74 0,05 0,69 0,06
IBI 0,03 0,07 -0,15 0,13 -0,03 0,09 0,06 0,06 -0,07 0,11 0,004 0,07 0,17 0,07 -0,01 0,11 0,09 0,07
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 We explored in this paper an extensive database in combination 
with a new algorithm to retrieve LST contributing to a proper 
understanding of temporal and spatial evolution of the urban 
heat island in the Metropolitan Area of Rio de Janeiro; 


 The analysis of thermal field by means of remote sensing is a 
reliable tool and deserves to be improved. The use of algorithms 
for atmospheric correction as used in this work is one of the 
possible improvements; 


 Another issue that deserves to be pointed out is the role of the 
suburban areas in countries like Brazil. Suburban areas register 
temperatures  that are as high as or even larger than the central 
area. 


 Further studies connected to hydrometeorological 
modeling/urban planning  jointly with the use of other sensors of 
higher resolution  should be developed.  
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5.6 Comments on Urban heat Islands 







4. Ongoing research at the watershed scale 


OBJECTIVE 


Construction of a database and development of tools to be integrated to a 
supporting system with respect to water resources management based on 
environmental modelling and on hydrometeorological monitoring and global 
climatic changes at the watershed scale.  


 


THEMATIC AREA : WATER, ENERGY AND FOOD SUPPLY 


Evaluation of precipitation systems and corresponding impacts at the watershed 
scale 


FOCUS : CONDUCTION OF STUDIES ON REMOTE SENSING  THAT ENGLOBES  


RAIN , EVAPOTRANSPIRATION, WATER LEVEL, STORAGE, WATER QUALITY AND 
THEIR CORRESPONDING IMPACTS 
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SENSORIAMENTO REMOTO DA ÁGUA – LABH2O 


Teresópolis, enchente e deslizamentos – 6.727 desabrigados e  388 mortos pelo 
desastre (Defesa Civil-RJ, 2011)  


Fotos: MMA, SECRETARIA DE BIODIVERSIDADE E FLORESTAS, 26-01- 2011 
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Fluviograma - Posto Pedro do Rio
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Multivariate Statistical Analysis 


Principal Component Analysis 
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Multivariate Statistical Analysis 


Principal Component Analysis 
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Multivariate Statistical Analysis 


Hierarchical Cluster Analysis - Dendogram 


Dendrogram of the stations -  Nitrate 
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Multivariate Statistical Analysis 


Hierarchical Cluster Analysis - Dendogram 


Dendrogram of the stations -  Phosphorus 
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Annual-base Model 


Input data 


Fonte: ZEERJ, 2008. Fonte: IBGE, 2010. 







Results and Discussion 


86 


Annual-base Model 


Results - Nitrate 
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Annual-base Model 


Results - Nitrate 
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Annual-base Model 


Results - Phosphate 
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Annual-base Model 


Results - Phosphate 
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Hydrological Calibration and Validation 


Calibration (2002-2004) – Moura Brasil 
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Hydrological Calibration and Validation 


Calibration – Moura Brasil 
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Hydrological Calibration and Validation 


Validation (1993-1995) – Moura Brasil 
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Hydrological Calibration and Validation 


Validation – Moura Brasil 
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Hydrological Calibration and Validation 


 
•R2: Determination coefficient 
 


•Dv: Runoff deviation 
 


•E: Nash-sutcliffe coefficient 
 


E R
2


Dv(%) E R
2


Dv(%)


Calibração(2001-2004)
Diária 0,68 0,72 6 0,66 0,73 5


Mensal 0,86 0,87 -6 0,83 0,92 5


Validação (1992-1995) 
Diária 0,73 0,70 5 0,47 0,49 1


Mensal 0,89 0,83 -6 0,81 0,86 9


Trecho 01 (MB) Trecho 15 (PR)







Results and Discussion 


96 


Calibration and Validation - Water Quality 
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Calibration – Water Temperature 


R²=0,40 


Calibration and Validation - Water Quality 
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Calibration – DBO e OD 
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Calibration – Nitrogen 
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Calibration – Phosphorus 
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Validation – Water temperature 
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Validation – Nitrogen 


R²=0,52 R²=0,50 


R²=0,67 


Calibration and Validation - Water Quality 
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Validation – Phosphorus 


R²=0,80 


Calibration and Validation - Water Quality 
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Calibration and Validation - Water Quality 


R
2


Dv 


(%)
R


2
Dv 


(%)
R


2
Dv 


(%)
R


2
Dv 


(%)
R


2
Dv 


(%)
R


2
Dv 


(%)
R


2
Dv 


(%)
R


2
Dv 


(%)


Calibração 
(2001-2004) 0,40 -7 - - 0,68 20 0,38 -7 0,61 5 0,46 15 0,40 22 0,44 29


Validação 
 (1992-1995) 0,65 0 0,80 0 0,67 29 0,48 5 0,49 5 0,52 15 0,50 -21 - -


TW TP TN BOD DOX NO3 TAM PO4


 
•Tw: Water temperature 
 


•TP: Total phosphorus 
 


•TN: Total Nitrogen 


 
•BOD: Biochemical oxygen 
demand 
 


•DOX: Dissolved Oxygen 
 


 
•TAM: Total Ammonia 
 


•PO4: Phosphate 
 


•NO3: Nitrate 
 
  


•R2: Determination coefficient Dv: Runoff deviation 
 







Watershed Scale Analysis /Field Scale Analysis 


 


 Water Quantity and Water Quality 


 


 Use of vegetation indexes from optical images and of the thermal 
field by means of remote sensing to retrieve land surface 
temperature (LST) for building up indicators of soil moisture 
jointly with radar images better understand the information 
contained in vegetation fields; 


 


 Further studies connected to hydrometeorological modeling/rural 
and urban planning  jointly with the use of sensors of medium 
and higher resolution  should be developed – lumped and 
distributed  hydrological modeling.  
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5  Conclusions and Recommendations 







Thank you ! Obrigado! Spaciba! 
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DEVELOPMENT OF REGIONAL WATER QUALITY INDICATORS FOR THE 


CONTENTS OF HEAVY METALS OF UPPER KAMA BASIN WATER OBJECTS 


E.V. Venitsianov1, А.P. Lepikhin2, S.А. Miroshnichenko2, Т.N. Gubernatorova 1  


1Federal State Institution of Science Water Problems Institute, Russian Academy of Sciences, 


Moscow 
2 Federal State Institution of Science Mining Institute, Ural Branch of the Russian Academy 


of Sciences, Perm 


At the heart of the current system of regulation of anthropogenic influence in the 


Russian Federation, as in most other countries, is a system of national maximum allowable 


concentration (MAC) of substances in water bodies of different water use. As the most 


important types of water are treated drinking water and fisheries.  


This scheme to exogenous substances of technogenic origin is extremely convenient and 


effective to ensure the reliability of the drinking water supply system. For substances double 


genesis composed entirely different situation. Natural water bodies are characterized by a 


wide range of changes in the content of chemical elements depending on soil and geochemical 


characteristics of the catchment area. Since the soil-geochemical conditions of the watershed 


can vary significantly, the content of chemical elements in water bodies, which is formed in 


these areas, can vary by tens and even hundreds of times. This significantly exceeds the level 


set in the federal fishery MPC (MPCf). A contradiction occurs when the concentration of 


certain substances, which provide stability of the existing ecological communities, do not 


meet maximum permissible concentrations for fishery water bodies use, which are the 


standards in the regulation of water quality for almost all water objects of the Russian 


Federation. 


Require water users wastewater with content controlled ingredients are much lower than 


their natural content in the water body, not only technologically unattainable or not cost-


effective, but also environmentally unjustified. Therefore, for such polluting ingredients 


developed methodological approaches to the construction of the regional MAC. 


The most natural and objective approach is based on statistics of the natural background 


concentrations considered indicators of water quality. This approach to finding regional MPC 


is provided in the standards development methodology exposure guidelines1. In the Russian 


1 Guidelines for the development of permissible impact standards on water bodies. Approved by order of the Ministry of 
Natural Resources of Russia dated 12.12.2007 number 328 (registered in the Ministry of Justice of Russia on 23.01.2008 
number 10974). 


1 
 


                                                           







Federation adopted the current method of establishing the background concentrations2 


developed for other water-related problems. This led to negative results.  


Solution method. Since Statistics chemical indicators of water quality is not usually 


subject to the normal distribution, the regional MPC should be calculated not on the basis of 


average values, as proposed in [2], and with the use of quantile corresponding order. 


It is clear that regional MPC should be more than about 0.5 quantile (median), that is, 


match the concept of "maximum concentration". It is necessary to tighten the value of 


regional MAC by reducing the sample size to increase the uncertainty in the estimates 


consistent with the principle of health maximalism.     


As a regional MPC we offer the lower 95% confidence interval, 0.75 quantile of order. 


Using the quantile of the order of 0.75 at regulating man-made impacts on water bodies 


is offered at work3, and is also used in the US as "desirable" indicator of water quality4.  


We offer the estimated value for the following:  


)64,11(MPC %75 РN
С σ−=                                         (1), 


and the standard deviation quantile of order p, which is determined on a sample of size N, is 


equal to:  


( )
( )( )2


1


P
P СfN


рр −
=σ ,          (2) 


For a normal distribution with р = 0,5 (median value) f(Cp) = 0,398/σ and σ0,5 = 1,25σ. 


Accordingly, at р = 0,75 f(Cp) = 0,32/σ and σ0,75 = 1,4σ, where σ – standard deviation 


considered sample. MACreg 


To compare the proposed scheme of establishing regional MACs and used in [1] based 


on the methodology for calculating background concentrations [2] write the calculated ratio 


for a normal distribution. Estimated ratio offered by us include 











 −⋅+=
N


С 3,268,0MACreg σ , in accordance with [2] 
N
t


С mp,MACreg
⋅


+=
σ


,  where С  − 


average arithmetical value, σ − sample standard deviation, mpt ,  − quantile of Student's 


2 Methodical instructions GD 52.24.622-2001 "Calculations background concentrations of chemicals in the water streams." 
3 DV Risnik, SD Belyaev and others. The approaches to the normalization of environmental quality. Methods alternative 
existing rationing system in the Russian Federation // Successes of modern biology. 2013. V. 133. P. 3-18/ 
4 US EPA. 2000a. Nutrient Criteria Technical Guidance Manual: Lakes and Reservoirs, US Environmental Protection 
Agency. Washington. DC. EPA-822-B00-001 
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distribution of order  р=0,95 and degrees of freedom m. Retained for N ~ 30 mpt , ~ 1.7, and at 


about 120≥N  mpt , ~ 1.64. 


Retained for N~35, they are practically the same, and a further increase in regional MPC 


sample size for the proposed scheme are less stringent. At the same time, for small sample 


volumes MPC ratios calculated using equation (1), substantially more stringent, which fully 


complies with the principle of health maximalism. 


The proposed scheme has been implemented for the Upper Kama basin which is 


characterized by an increased content of some heavy metals, primarily iron and manganese. 


Kama is the successor of wastewater from large industrial complexes - Solikamsk-Berezniki 


industrial hub.   


The highest content of iron in the water is celebrated in the post Gaina, which is outside 


the zone of technogenic pollution and subject to minimal anthropogenic load. The iron 


concentration in the water is changed in the range from 1.0 to 1.4 mg / L and can reach in 


certain periods of up to 2 mg / l, which corresponds to 20 MACf. The content of iron in water 


exceeds the iron content in the water of the river Kama, after the major industrial centers of 


the Western Urals - Solikamsk and Berezniki. This is the case for the content of manganese in 


the water - from 2 to 8 MACf (0.01 mg / l).  


Regional standards results of the calculations under this scheme for the watercourses 


of the Upper Kama basin are presented in the table.  


Table – Water quality standards (mg / l) for Berezniki-Solikamsk industrial hub 
index MACf 


 
MACreg 


on the proposed 
methodology 


Regulations on the methodology exposure guidelines to 
water management area 10.01.01.002 (Kama from Bondyug 


to Berezniki) 
sector №2 sector №3 


Iron (total) 0,1 0,74 0,75 0,523 
manganese 0,01 0,085 0,1 0,064 


copper 0,001 0,0016 0,002 0,002 
zinc 0,01 0,01 0,01 0,01 
It presents regional allowable concentration calculated in accordance with the 


methodology exposure guidelines2. These values are close, because the volumes are large 


enough samples considered (40-50). The fundamental difference lies in the fact that the values 


of the MACreg computed by the procedure2 with decreasing sample size increases, and the 


ratio of (1) reduced, which seems much more reasonable. Creating an effective system of 


regulation of substances double genesis (natural and technogenic) is not possible without 


taking into account natural and climatic features of watershed-specific water bodies.  
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The range of the iron content variation in water 
in the Length Kama ( MPCf-0.1 mg/l) 


The current system of regulating loads on water bodies  (Сндс − 
standards of permissible discharge) 


СНДС = n×(CПДК – Сф) + Сф


CПДК – MPC contaminants; Сф – background concentration of 
contaminants; n – the dilution ratio of sewage in the watercourse. 


If Сф > CПДК, n > 0, then  СНДС < 0. Then take СНДС = CПДК 







The Basin of the Upper Kama. Distribution module iron drain 
for medium to large watercourses 


The highest water concentrations of iron and other metals noted in 
the basin of the Upper Kama.  
The basin of the Upper Kama area of over 77 thousand km2, located 
in the Northern part of Kirov oblast and Perm Krai 







The main purpose of the work: 
 
 
To develop a method for 
calculating the regional water 
quality standards with a series of 
observations in the Upper Kama 
basin for Fe, Cu, Mn, Zn 







       Regulatory and legislative framework 
 


1.Federal law "On environmental protection“,  
21 article of the law. 
 
When establishing environmental quality standards 
taken into account the natural features of land  
and water areas. 
 
2. Water Code, article 35. 
 
Target water quality standards are developed for each river basin or its 
part, taking into account the natural characteristics of the river basin. 
 
3. Order "On approval of guidelines for the development of standards 
of permissible impact on water bodies," December 12, 2007 N 328 
 
Standards of permissible impact on water bodies are designed to establish 
safe levels of pollutants, taking into account the climatic characteristics of 
water bodies in the region and created by the economic activity of natural 
and man-made environment. 



http://www.kmrz.ru/catimg/43/43553.jpg





conclusion from  
Berg State Researh Institute on Lake and River 
Fisheries (GosNIORH): 
 
According to studies by the state of 
hydrobiocenoses of water bodies of the Upper 
Kama river including the assessment of the 
zooplankton and zoobenthos can be argued that 
the studied water bodies do not experience the 
negative anthropogenic impact. 


Analysis of the condition of aquatic ecosystems according to 
biotic factors. 


Abiotic characteristics of water bodies (background concentration, 
etc.) may be taken as quality standards for guaranteeing 


environmental well-being of the existing hydroecosystem. 







Statistical analysis of observational data 
the average annual change in the concentration of iron (total) by 


hydrochemical posts Upper Kama. According to Perm CHEM 
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The current situation in the Kama River basin: 
 C(Fe) background in water     >>     C(Fe) after the large industrial centers 
1,0 до 1,4 mg/l (10-14 MPC).                        (Solikamsk Berezniki) 


 ⇓ 
Methodology for establishing water quality standards based on 


regional indicators should be based on a comparison of statistics in 
natural and anthropogenically-loaded states. 


Main objective: 
to ensure the transition to the statistical parameters, based on 
the construction of distribution functions on the 
hydrochemical characteristics and not on the "point" 
indicators (water consumption and flow rate). 
The current scheme of regulation based on the method of use 
"point" characteristics is not found use in the practice of water 
regulation (used when implementing the methods of calculating 
standards of permissible discharges) 







The methodology is based on 
quantiles particular order with respect to the error of their 
estimation:  


)(
1
N


ppф EСС ±=


)(
1
N


pE – the average error of estimate quantiles Ср  
with probability р1 and the sample size N. 


Cф – the estimated background concentration;  
Ср – quantile level (sufficiency) р; 


On the basis of sanitary extremism, all uncertainty and ambiguity 
are interpreted in the direction of reducing the normative value, the 
confidence interval in the assessment of СRi needs to be tightened 
to the value of the confidence interval estimates of quantiles of 
order p1.  







– the quantile of order 0,75


– the lower confidence interval with probability 0.95 for
the quantiles of the order of 0.75 when the sample size 
N 


Establish a regional standard of water quality 
When solving practical problems of constructing regional standards 
is recommended to use point estimation in the quantiles of about 
0.75: 
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Use as a regional MPC quantiles of order p = 0,75, it is possible to 
argue as follows: 
* regional levels MPC must be > average value or the median; 
* p = 0,75 (upper quantile) is used as a target in the development of 
schemes of complex use and protection of water objects; 
* p = 0,75 is used in the United States as "desirable" standard of 
water quality. 


for background concentration (normal distribution): 


N
KСС PP


рPP
σ⋅


−= 1
1,


Ср, р1 – quantile of order p for the specified component 
concentration;  
Кр1 – the quantile of the normal distribution of orderр1; 
      – the standard deviation for the quantile of orderр. Pσ







Water quality standards (mg / l) for Berezniki-Solikamsk 
industrial hub 


Index  MACf MAC 
for 


drink- 
ing 


water 


MACreg 
on the 


proposed 
methodolo


gy 


Regulations on the methodology 
exposure guidelines to water 


management area 10.01.01.002  
(Kama from Bondyug to 


Berezniki) 


sector №2 sector №3 


Iron (total) 0,1 0,3 0,74 0,75 0,523 


Manganese  0,01 0,1 0,085 0,1 0,064 


Copper  0,001 1,0 0,0016 0,002 0,002 


Zinc  0,01 1,0 0,01 0,01 0,01 







The result from the table: 


Normative values obtained by the Methodology of calculating 
standards of permissible impact (SPI) and developed by as is 
close. 


The fundamental difference: 


The MAC values obtained by the method of SPI, with a 
decrease in sample size increase, as according to our method 
reduced.  


This fact methodologically is more reasonable. 







CONCLUSIONS 
1.Creating an effective system of regulation for substances of 
double genesis (natural and anthropogenic) is impossible 
without taking into account climatic characteristics of the 
watershed specific water bodies. 
 
2.The proposed methodology of establishing regional standards 
for water quality of water bodies eliminates the main drawback 
of the existing scheme construction of regional norms, when the 
norm increases with the growth of "statistical uncertainty" 
associated with a decrease in sample size. 
 
3.The developed methodological approach is implemented in 
the construction of regional standards of water quality in the 
Upper Kama basin, which is the receiver of sewage one of the 
largest industrial complexes of the Kama basin – Solikamsk-
Berezniki industrial hub. 
 







Thank you for your attention! 







Pharmaceutically Active Compounds (PhACs) in River Yamuna, Delhi, India 
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In India, treated, partially treated or untreated sewage is discharged in natural water bodies 


like rivers, lakes, ponds, sea or on to the ground at many places. Due to this, surface and 


ground waters in close proximity to populated areas are getting increasing polluted. Over the 


last 40 years, many of the relatively smaller rivers particularly those flowing through densely 


populated northern states (e.g. Rivers Hindon, Krishni, Kali etc.) have been virtually 


converted into wastewater drains in their entire stretch. Some of the major rivers e. g. 


Yamuna are also badly affected in certain stretches. Measures to check or reverse this 


situation by establishing sewage treatment plants have yielded little results. Over the years, 


no signs of improvement in water quality of river waters have been observed. 


Identification/quantification of organic micro-pollutants (OMPs) in general and 


pharmaceutically active compounds (PhACs) in particular in these water bodies receiving 


large amounts of municipal wastewaters has not been attempted. The objective of the present 


study, therefore, was to identify and quantify PhACs present in River Yamuna, heavily 


contaminated by municipal wastewater from a large metropolis, Delhi. Alongwith 


conventional water quality parameters, twenty PhACs were also identified and quantified in 


river water over the period of one year covering both non-monsoon and monsoon months. 


Turbidity of the river water exhibited a broad range of variation, as high as 1552 NTU during 


monsoon to as low as 16 NTU in non-monsoon. Electrical conductivity (EC) values of the 


river water during the monsoon and non-monsoon were around 400 and 1400 micro S/cm 


respectively. Dissolved organic carbon (DOC) has been found to vary from about 2 mg/L (in 


monsoon) to 66 mg/L (in non-monsoon).  Coliform count of the river water was found to 


range between log 5-log 6 in the monsoon to log 6-log 7 in the non-monsoon. These values 


cleary indicate the heavy influecce of wastewaters on the river and unsuitability of the 


Yamuna water as a source of water supply. 







Regarding the PhACs, one of the noteworthy observations was that while nineteen PhACs 


were detected in the monsoon, only fourteen of them were found during non-monsoon 


months. In addition, concentrations of many PhACs were more in the monsoon samples than 


non-monsoon samples. These findings were quite contrary to the general belief that during 


monsoon due to the high dilution of river waters, PhACs should be present in much lower 


concentrations in river water. The reason for this contradiction could not be correlated to the 


octanol-water partition coefficients (log Kow), solubilities, and the polar/non-polar 


characteristics of the PhACs. It appears that PhACs adsorb on to the sediments in long 


network of inter connected wastewater drains which carry it and the river during the low flow 


conditions in non-monsoon months. During the high flow, scouring of the deposited 


sediments results in their dissolution in the river water as flow is increased around 20 fold 


from ~19 m3/s during low flow conditions to ~507 m3/s during the high flow conditions. 


A comparision between the maximum reported concentrations of these PhACs in rivers 


around the world along with their concentrations found in Yamuna water during the present 


investigations is also presented. In general, compared to Europe and United States of 


America, much higher concentrations of PhACs were found in the water samples collected 


from   river Yamuna.  


In spite of unsuitable quality of water in River Yamuna particularly downstream of Delhi in 


about 175 km long stretch up to Agra, water is still being used for water supply at many 


places. It is either withdrawn as such (e. g. at Mathura and Agra) or as riverbank filtrate i.e. 


after it has travelled some distance in to the adjacent aquifer (e.g. at Delhi and Mathura). 


Irrespective of the method of collection (direct or as bank filtrate), conventional treatment 


does not yield water of satisfactory quality.  







Pharmaceutically Active Compounds (PhACs)  
in Yamuna river (Delhi, India) 







Water Quality in Natural Water Bodies 


SWs (rivers, lakes, reservoirs), GWs Irrigation/ Power/ Industry/ Water supply/ Drinking 
Wastes  SW/ GW (good/ not good)  Drinking water (good/ not good)   
Riverbank filtration (RBF)/ Lake bank filtration (LBF) 


Mineral ions/ Organics compounds/ Microorganisms/ Suspended solids, turbidity 







Delhi RBF: 







High EC/ TC/ FC/ δ18O- 
point towards different source water 
than evaporative enrichment 


NM: 
Water from wells lighter than RW 
Unusual: well water heavier than RW 







TC:  
>5 log,   NM   
>4 log,   M 
EC: 
>5 log,  NM, M 


Well water: 
Not safe 


non-monsoon 
(1st TC, 2nd FC)  


    monsoon 
(1st TC, 2nd FC) 


(Kumari,  
Ph. D. Thesis,  
Dept. of Civil Eng.,  
IITR, Roorkee, India, 
2015) 


River water: TC/ FC  
NM log 6-7 
M log 5-6 
~1 log reduction in M 
   due to dilution 







Turbidity 
(NTU) 


River V-8 P-4 NR-II P-5 M-15 NR-I P-6 M-16 


Non- 
monsoon 


16-158 <2 4.3 <2 


Monsoon 164 -1552 <2 3 <2 


River:  
DOC: Monsoon - 3 to 8 mg/L, Non monsoon - 5 to 15mg/L 
(January 66 mg/L) 


Wells:  
DOC of the RWs water < 2 mg/L. UV-254 also followed the same trend as DOC 







Average concentrations of detected OMPs in the Yamuna during non-monsoon and monsoon 







Maximum reported concentrations of OMPs in the surface waters 


GEM-Gemfibrozil 
DS-Diclofenac sodium 
IBF-Ibuprofen 
KTP-Ketoprofen 
TRI-Triclosan 
EOL-Estriol 
ENE-Estrone 
CA-Clofibric acid 







N-(tert-butoxycarbonyl)-L-leucine methyl ester)           6-ethyl-3-formylchromone              


  Diclofenac sodium                              Dimethyl maleate  
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Total 
Coliform 


Fecal 
Coliform 


Mathura: 
RW:   DOC 4-29 mg/L,   Colour 40-166 CU 
 


Singh et al., J. Environmental Management, 91(5), pp 1055-1062, 2010. 
Kumar et al., Journal of Indian Water Works Association, Special issue, Dec., 2012, pp 50-58, 2012. 


RBF:  
59-78% DOC,  
55-82% CU,  
36-54% UV-A  


Direct abstraction:  
pre-chlorination,  
Cl2 dose: 20- 85 mg/L,  
unacceptable DOC, CU 
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Parameter River and canals Production well 
Monsoon Monsoon 


Turbidity (NTU) 100–200 (149) 0.4–0.6 (0.5) 


Conductivity  
(µS/cm at 25 OC) 


140–184 (155) (N) 425–440 (432) 
(S) 150-200 (170) 


TDS (mg/L) 92–114 (101) 287–294 (290) 


UV absorbance  
at 254 nm (cm-1) 


0.156–0.217 (0.190) 0.006–0.039 (0.017) 


TOC (mg/L) 0.72–2.0 (0.86) ND 


Total coliform 
(MPN/100 mL) 


23000–93000 
(51670) 


<2 


 Fecal coliform 
(MPN/100 mL) 


1500–43000 
(22500) 


<2 


ND not 
detectable 


Values in 
parenthesis 
are average 
values. 
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Total 
Coliform Fecal Coliform 


Haridwar RBF 


Saini et al., Int. J. Current Engineering and Technology 3(4), pp 1264 – 1270, 2013. 


Dash et al., Hydrogeology Journal, 18 (4), pp 973-983, 2010. 







Mountains/ Unique LBF/ landslide debris/ No alluvial aquifer/ 
Complex, irregular hydrological system/  
Fractures/ Faults 


Turbidity/ DOC/ UV-abs.: very low      
Ca/ Mg:  Varies/ Desirable/ Permissible limits 


Effective filtration/ Sustainable WQ and pumping 


Nainital LBF 


Gupta et al., Sustainable Water Resources Management, 1 (1), pp 15-26, 2015. 
Gupta et al., IWA Publishing, London, UK, 39–56.ISBN13: 9781780407104, 2016. 



http://link.springer.com/journal/40899
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Evaluation of natural waters to recovery: the development of criteria on the example of 


Western Siberia Lakes 


Kremleva Tatiana 


Tyumen State University, Institute of Chemistry 


Issues of high quality natural water has always attracted the attention of the scientific 


community, mainly this interest is caused by the widespread pollution of surface water bodies, 


which are an important source of water for various purposes. Unauthorized discharges of 


polluting substances, spills, air intake of acid-forming oxides are not an exhaustive list of 


anthropogenic impacts on aquatic ecosystems. Investigations of the ability of reservoirs to 


recover and definition of buffer properties of natural ecosystems against pollutants of various 


natures are important contribution to the problem solution. The main pollutants are the acid-


forming oxides (SO2, SO3, NOx, CO2), heavy metals and organic compounds of various nature 


(petroleum hydrocarbons, polycyclic aromatic hydrocarbons, organohalogen compounds and 


others.). The target of this work is the definition of sustainability criteria of geochemical aquatic 


ecosystems of Western Siberia to the polution of acidifying substances, heavy metals and 


petroleum hydrocarbons. Objectives of the investigation are the description of the chemical 


composition of water environment, the identification of the main factors responsible for the 


resilience, determination of critical levels. 


Objects and methods of research. The results obtained during the study of the chemical 


composition of more than 200 small lakes in the representative area of Western Siberia (tundra, 


forest tundra, taiga). The study include  lakes that were not subject to any direct sources of 


pollution with water surface area  less than 20 km2  and  lakes located on the territory of oil and 


gas  recovery.  Analytical  research program includes the definition of pH factor, electrical 


conductivity (χ) measurement, determination of Ca2+, Mg2+, K +, Na + concentrations,  alkalinity 


(Alk) measurement, SO4
2-, Cl- content , description of color, the content of organic and inorganic 


forms soluble carbon (TOC, TIC), NO3
-, NH4


+, total nitrogen TN, PO4
3-, total phosphorus TP, 


silicon Si, petroleum hydrocarbons, trace elements determination. 


The most important constituents of the aquatic ecosystems recovery are chemical 


composition of water, climatic and lithological conditions. It is impossible to sugest universal 


criteria for assessing the properties of aqueous buffer systems, however, similar methods for 


determining critical levels of exposure can be proposed taking in account advantage of 


international experience concerning specific natural and climatic conditions and a specific water 


basins. Determination of critical levels of income of these substances in water bodies is 







necessary for the further modeling of possible behavior of ecosystem change: climatic, 


hydrochemical, anthropogenic. 


In this paper, as the criterion of resistance of natural reservoir to acid-forming substances 


income of anthropogenic and natural types the value of buffer capacity was proposed. This value 


is based on the content of bicarbonate ions and anions of humic acids in natural water. 


Calculation of buffer capacity involves measurements of pH value and equilibrium 


concentrations of acid and conjugate base. Calculated values of critical buffer capacity laid in the 


range 10-15 μeq/dm3. The main advantage of the introduction of buffer capacity concept as the 


stability criterion to acidification is to determine the unique relationship of this value with the 


equilibrium concentrations of the main components of natural buffer systems, which in fact takes 


into account a wide variety of natural processes that contribute to a change in the acidity of 


waters. Average values of the buffer capacity of lakes of northern and middle taiga of Western 


Siberia slightly exceed the critical index of 10-15 μeq/dm3, which indicates the potential 


vulnerability of the many lakes in these natural areas to acidification. 


The complexing ability was proposed as the criterion of stability of natural waters in 


respect to of heavy metal ions. The process of binding heavy metals in stable complexes with 


humic substances in natural waters leads to a decrease in their availability to biota and reduced 


toxicity. The concentration of humic substances in surface waters varies widely. Heavy metal 


ions have different ability to form complexes and compete with each other. According to the 


results of mathematical processing of the data set on the content of dissolved organic carbon and 


the main heavy metals (Fe, Al, Mn, Zn, Cu, Ni, Pb, Cd, etc.) Found that small West Siberian 


lakes complexing ability of water was approximately 0,8 μeq/dm3 metal amount per 1 mg/dm3 of 


dissolved organic carbon. 


The total concentration of iron and aluminum ions in tundra, northern and middle taiga 


approximately corresponds to the complexing ability of the waters in these natural areas. The 


ions of these metals are capable to form very stable complexes with natural organic substances. 


Hence it is evident that iron and aluminum ions are mainly bind with humic substance in natural 


waters. The role of humic substances in the inactivation of other more toxic metals will be 


insignificant. In the area of southern taiga organic matter prevails on the amount of metals and 


consequently they exist mainly in the bound state. 


The paper identified the effect of the dissolved organic carbon on the intensity of 


petroleum hydrocarbons transformation in water. The ratio of concentrations C(PH)/TOC % is 


proposed for the assessment of the ability of reservoirs to transform petroleum hydrocarbons 


(PH) and characterization of the productivity of natural ecosystem. It was established that in the 


lakes of the zone of southern latitudes of Western Siberia (southern taiga and forest-steppe) 







parameter value (C(PH)/TOC %) increases since increasing the productivity of ecosystem due to 


the positive influence of environment temperature and some other factors. 


The variability of parameter value within a particular natural area is dependent on 


different level of contamination source, differences in productivity of a reservoir, individual 


characteristics of the chemical composition, amount of oil and dissolved organic matter in lakes. 


The median of the data set of parameter C(PH)/TOC for water lakes is 0.3% so this value can be 


considered as a permissible load when natural system  maintains enough high capacity of the 


petroleum hydrocarbons transformation If the lake due to natural climatic conditions has a low 


ability to recover, even a little petroleum hydrocarbons inlet can significantly exceed the 


maximum permissible concentration and their residual content. 


Thus in the presented paper criteria for evaluation of buffer tank, complexing ability and 


permissible overloading of water bodies were proposed as geochemical factors of stability of 


natural waters to acidification, pollution of heavy metals and petroleum hydrocarbons. 







EVALUATION OF NATURAL WATERS 
TO RECOVERY: THE DEVELOPMENT OF 


CRITERIA ON THE EXAMPLE OF
WESTERN SIBERIA LAKES 
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RELEVANCE 
Investigations of the ability of reservoirs to recover and 


definition of buffer properties of natural ecosystems against 
pollutants of various natures are important contribution to the 
problem solution.  


The main pollutants are the acid-forming oxides (SO2, SO3, NOx, CO2), heavy metals and organic compounds of 
various nature (petroleum hydrocarbons, polycyclic aromatic 
hydrocarbons, organohalogen compounds and others.).  
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THE TARGET AND OBJECTIVES OF THE 
INVESTIGATION 


 The target of this work is the 
definition of sustainability criteria of 
geochemical aquatic ecosystems of Western 
Siberia to the pollution of acidifying 
substances, heavy metals and petroleum 
hydrocarbons.  
 
 Objectives of the investigation 
are the description of the chemical 
composition of water environment, the 
identification of the main factors 
responsible for the resilience, determination 
of critical levels. 
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OBJECTS 
OF RESEARCH


The results obtained 
during the study of the 
chemical composition of more 
than 200 small lakes in the 
representative area of 
Western Siberia (tundra, 
forest tundra, taiga). The 
study include  lakes that were 
not subject to any direct 
sources of pollution with 
water surface area  less than 
20 km2  and  lakes located on 
the territory of oil and gas  
recovery.   


4 Fig. 1. Schematic map of water sampling 
sites and sediments 







THE CRITERION OF RESISTANCE OF
NATURAL RESERVOIR


Buffer capacity of natural water; 


The complexing ability with humic 
substances; 


The ability of reservoirs to transform 
petroleum hydrocarbons. 


Н+, СО2, humic acids 


Heavy metals  
(Fe, Al, Mn …) 


Petroleum 
hydrocarbons 
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FORMATION OF HUMUS AND CARBONATE 
SYSTEMS IN NATURAL WATERS 


The main components of natural buffer systems 
are carbonates and bicarbonates, as well as 
anions of humic acids. Thus the system has the 
following equilibrium position: 


СО2(atmospheric)⇄СО2(dissolved) 
СО2(dissolved) + Н2О⇄ СО2·Н2О(dissolved) 


⇄ Н2СО3 


   Н2СО3 ⇄ Н+ + НСО3
- ⇄ Н+ + СО3


2- 


   СаСО3(solid) +СО2·Н2О(dissolved) ⇄ Са2+ 
+2НСО3


- 


   HHum ⇄ Н+ + Hum- 
Equilibrium shift in these systems occurs when 
changing the acidity of the medium under the 
influence of the various internal and external 


factors 


Factors contributing to the decrease in pH: 
- Receipt of acid gases from the atmosphere 
- The formation of CO2 during the oxidation 
of organic substances in the water 
- Acidification of natural humic acids 
- Salt intake, "the effect of sea salt" 


The supersaturation of natural 
waters by СО2 


Fig. 2. The content of organic carbon in the latitudinal 
gradient 


C
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R
G
, m


g/
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CALCULATION OF ACID NEUTRALIZING CAPACITY 
AND BUFFER CAPACITY 


Acid neutralizing capacity: 
ANC1 = [Ca2+] + [Mg2+] + [Na+] + [K+] 
– – [SO4


2-] – [NO3
-], 


where the concentration of the main 
mineralization ions, adjusted for the 
maintenance of marine aerosols 
[Henriksen et al., 1995; 1998].  


ANC2 = [HCO3
-] + [A-] – [H+] – [Al3+] 


where A- is - organic ion 
concentration, which can be 
calculated from the value of TOC. 


The ability of the buffer to maintain a constant pH 
value is determined by its buffer capacity. It is 
characterized by the amount of substance (mole) of 
strong acid or strong base, to be entered in 1 liter of 
buffer solution to change the pH by one:  


 и , 


where dC - increase in concentration of a strong 
acid or a strong base, which caused a change in the 
dpH (a minus sign indicates a decrease in pH by 
the addition of a strong acid HA). 


acid base 







Показатель 
ANC 


μeq / dm3


Tundra 
median 228 97.8 0.17 97.8 
average 259 101 1.64 103 


minimum 60 3.83 0.00 18.7 
maximum 591 291 18.1 291 


Northern taiga 
median 164 24.6 3.82 28.3 
average 178 30.9 6.36 37.3 


minimum 78 1.47 0.01 15.5 
maximum 378 134 33.0 134 


Average taiga 
median 206 18.3 2.09 27.7 
average 334 65.2 6.18 71.4 


minimum 29 0.97 0.03 3.11 
maximum 1524 388 39.8 389 
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The values of the ANC, hydrocarbonate, humus and total buffer 
capacity (median, average, minimum and maximum) for lakes of various 
natural areas 


Table 1 
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Fig.3. The correlation between the buffer tank and the acid neutralizing capacity of the natural 
lakes of the northern areas (with a buffer capacity of up to 25 μeq/dm3). 


The critical values of the 
buffer capacity 


Low values of the 
buffer capacity 


The main advantage of the introduction of buffer capacity concept as the stability 
criterion to acidification is to determine the unique relationship of this value with the 
equilibrium concentrations of the main components of natural buffer systems, which in 
fact takes into account a wide variety of natural processes that contribute to a change in 
the acidity of waters. The proposed value of the buffer tank can be used for further 
calculations of critical loads. 







COMPLEX FORMATION IN NATURAL WATERS 
The main complexing metal ions acts as dissolved organic matter (DOM). 
The main components of natural water of heavy metals contributing to 
migration are dissolved and undissolved organic substances humic nature - 
the humic and fulvic acids, and colloidal particles of sludge, hydroxides of iron 
(III), and aluminosilicates. 


Сумма Ме/Сорг>1


y = 3.20x - 3.41
R² = 0.331


б


0


50


100


150


200


250


0 10 20 30 40Сорг, мг/дм3


Σ Ме, 
мкэкв/


дм3


Fig. 4. The correlation of the amount of metals containing dissolved organic carbon 
for lakes ratio ΣMe / TOC> 1 and ΣMe / TOC <1 
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Metal ion Tundra Northern taiga Average taiga South taiga and 
steppe 


Al (III) 2.18 
1.11-34.5 


6.08 
0.87-25.5 


5.93 
1.57-11.7 


2.50 
1.56-9.82 


Fe (III) 2.88 
0.56-79.2 


5.81 
<0.3-60.9 


12.9 
<0.3-53.0 


1.25 
<0.3-171 


Mn (II) 0.038 
0.005-0.148 


0.010 
0.003-0.067 


0.021 
0.001-0.061 


0.159 
0.013-0.623 


Zn (II) 0.125 
0.059-0.611 


0.14 
0.04-3.07 


0.17 
0.06-0.84 


0.38 
0.14-0.94 


Cu (II) 0.015 
0.001-0.066 


0.006 
0.001-0.062 


0.005 
0.001-0.038 


0.007 
0.0003-0.020 


The sum of the 
median values 5.2 12.0 19.0 4.3 


TOC 4.9 
1.3-14.6 


10.7 
2.2-24.1 


11.4 
1.5-20.3 


19.0 
7.0-39.4 
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The concentration of heavy metal cations* (μeq/dm3) and the organic carbon 
(TOC) content (mg/dm3) in the surface waters of Western Siberia (the numerator - the 
median, the denominator - the minimum and maximum). 


* mass concentration of metal ions in the filtered samples is determined
by ICP-MS. 


Table 2. 
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THE CONTENT OF PETROLEUM HYDROCARBONS (XPH) IN WATER LAKES WS. 
THE NUMERATOR - THE MEDIAN, THE DENOMINATOR - THE MINIMUM AND MAXIMUM 


Fig. 5. The content of petroleum hydrocarbons (XPH) in water Lakes WS 


ПДК=50мкг/дм3


Nature area 
Tundra Northern 


taiga 
Average 


taiga South taiga Steppe 
n 41 34 73 11 11 


XPH, μg/dm3 37 
8÷555 


36 
8÷392 


36 
12÷774 


18 
14÷36 


20 
14÷32 


Table 3 
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XPH, μg/dm3


North latitude, degrees







THE MECHANISMS OF BIOGEOCHEMICAL 
TRANSFORMATION OF PETROLEUM HYDROCARBONS IN 
NATURAL WATERS 
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Fig. 6. Organic carbon content (TOC) and mineral carbon 
(TIC) in Western Siberia in the latitudinal gradient of lakes 


Humification 


Mineralization 


The lakes range in northern 
latitudes humification process 
prevails over the process of 
mineralization (TOC>TIC), 
an average of humification - 
80%, mineralization - 20%. 
The lakes range southern 
latitudes mineralization 
process predominates over the 
process of humification (TOC 
<TIC), an average of 
humification - 30%, 
mineralization - 70%. 


TOC 
TIC 
TOC 
TIC 


North latitude, degrees 







INDICATOR SELF-PURIFICATION ABILITY OF WATER IN RESPECT 
OF PETROLEUM HYDROCARBONS


To determine the parameter overload 
self-purification ability of water used 
quasistationarity principle for organic 
carbon: 
dCORG/dt = V1 + V2 - V3 = 0 
where V1 - speed of transformation of 
CO2 in CORG; 
  V2 - speed of transformation of the PH 
in CORG; 
V3 - the rate of decomposition of CORG; 
In view of the quasi-stationary: V1 + V2 
= V3  


V1=k1 
V2=k2 


V3=k3 [Сорг] 
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k1  +  k2  = k3 [СORG] 


С ORG = (k1  +  k2)/ k3  
The productivity of the system in relation 


to the biotransformation of the PH 
  CPH will be equal to 
 V2 = k2 = αk3 СORG. 


PPH = αk3 СORGΔt. 
We obtain an expression for parameter 


PΔt, which can be determined 
experimentally 


PΔt = α k3 (CPH / PPH ) = (CPH /СORG) 
Then we can assume that the ratio of 
(CPH /СORG) is the dimensionless ratio 
overload the system with respect to its 


self-cleaning ability 


CPH /СORG,% 







 
THE VALUE OF SELF-PURIFICATION CAPACITY OVERLOAD 
IN A LATITUDINAL GRADIENT 
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CRITERION PERMISSIBLE LOAD ON 
PETROLEUM HYDROCARBONS


The median for the data set in the parameters 
(CPH /СORG%) for water of lakes is 0.3%, that is, this 
value can be considered a permissible load when the 
natural system maintains a high enough capacity for 
the transformation of petroleum hydrocarbons. 


If the lake due to natural climatic conditions has 
a low self-cleaning capacity, even at low oil 
hydrocarbons entering their residual content can 
significantly exceed the maximum permissible 
concentration. 


16 







CONCLUSION 


 The critical value of buffer capacity: 10-15 μeq/dm3. 
 


 Complexing ability natural water - about 0.8 μeq/dm3 
to 1 mg/dm3 dissolved organic carbon (TOC). 
 


 Criterion reservoirs ability to cleanse itself in relation 
to petroleum hydrocarbons: CPH/TOC is 0.3%. 
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Quantitative analysis of groundwater dynamics in arid 


riparian zones: a case study of the lower Heihe River, 


northwestern China 


Ping Wang 


Associate Professor in Hydrogeology, Institute of Geographic Sciences and Natural 
Resources Research, Chinese Academy of Sciences, 11A, Datun Road, Chaoyang District, 
Beijing, 100101, China 


E-mail: wangping@igsnrr.ac.cn 


Abstract 


Shallow groundwater is an important source of water for the maintenance and 


restoration of ecosystems in arid environments, which necessitates a deeper 


understanding of its complex spatial and temporal dynamics driven by hydrological 


processes. This study explores the dominant hydrological processes that control the 


shallow groundwater dynamics in the Gobi desert-riparian-oasis system of the lower 


Heihe River, a typical arid inland river basin located in northwestern China. The 


dynamic behaviour patterns of the groundwater level at most sites are characterized by 


a declining trend during the period from spring to autumn and a slightly increasing 


trend in the winter months. The seasonal variations of the water table are determined 


by the rate of evaporation and lateral groundwater recharge via riverbank filtration. 


Further, a water table fluctuation (WTF) method was used to investigate groundwater 


evapotranspiration (ETg) processes at two sites dominated by phreatophytes (Tamarix 


ramosissima and Populus euphratica). The average ETg rate during the summer months 


(June–August) of 2010-2012 was estimated to be 0.63-0.73 mm/d at the site 


dominated by Tamarix ramosissima and 1.89-2.33 mm/d at the site dominated by 


Populus euphratica, depending on climatic conditions, vegetation status, and depth to 


water table. Additionally, a coupled river-aquifer numerical model was used to calculate 


the river leakage in the main stream of natural rivers from April 20, 2010 to April 21, 


2012. The results showed that the amount of river water leakage was about 2.51×108 m3, 


which accounted for approximately 32% of the amount of river flow. The river filtration 
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rate is mainly determined by the streambed vertical hydraulic conductivity, which is 


highly dependent on the river water temperature that varies from 0 to 20 °C. 


Key Words: inland arid river basin, hydrological regime, surface-groundwater 


interaction, river leakage, evapotranspiration 
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About 40% of the world’s terrestrial surface area is 


arid or semi-arid and more than 38% of the world’s 


population lives there (Eamus et al., 2015. HESS) 


Oki & Kanae, 2006. Science 







Zhu et al., 2013 


Arid regions of 


northwestern China 


account for 30% 


of the total Chinese 


territory. 


In the center of Eurasia，
far from sea, unique mid 


-latitude temperate arid 


desert region 







Fan, 2015, WRR 


Shallow groundwater affects terrestrial ecosystems by 
sustaining river base-flow and root-zone soil water 


 http://pubs.water.usgs.gov/cir1139 







Desert – ecological 
water demand 


Snow/Permafrost Vegetation Oasis Desert 
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Heihe River: the 2nd largest inland river in China 


Lower Heihe River 
PET: 1500 mm/yr 
P:      35 mm/yr 







Terminal lake 


Ephemeral river 







Dry period 


Flooding period 


Populus euphratica 


Upper reaches 


Down reaches 







Heihe River


Riverbank filtration
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River leakage and groundwater ET are major, yet poorly quantified, 


components of a arid/semiarid basin’s water budget! 


Heihe River


Riverbank filtration


EvapotranspirationEvaporation Irrigation recharge


Groundwater withdrawal
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Wang et al, 2014, Hydrological Processes 







Key issues: 


River infiltration processes: 


connected/disconnected river-groundwater 


system, dependence of recharge flux on the 


river stage,  tempo-spatial variations in 


streambed hydraulic conductivity 


The influence of riparian evapotranspiration  on the surface-


groundwater interaction, and conversely,  the effect of changes in 


surface-groundwater flow regime on the riparian 


evapotranspiration 


Brunner et al, 2009, WRR 







Surface/groundwater monitoring network 







Standpipe Permeameter test 







Field and lab studies of unsaturated soil profile 
nearby monitoring wells  


• Vadoze zone soil sampling


• Grain size analysis and


• Estimation of water retention curves
for the selected samples in lab 


Populus 


roots 







Testing of hydraulic response in monitoring wells  


   







Regional groundwater model of the 
lower Heihe River 


Mean simulated  groundwater level Simulated Flow lines 







Numerical approaches to 


estimating the daily river leakage  







a6 


a5 


a4 







Model domain 







Streamflow-Routing Package & MODFLOW-2005 


Niswonger & Prudic , 2005 







Observed vs. simulated water level 







Daily runoff & Simulated daily river leakage 


32% river leakage to total runoff 







Discussion 


Further work is required to consider the infiltration processes 
from connected/disconnected river systems, where water 
temperature is under large diurnal and seasonal variations. 


Anderson, 2005, Groundwater 







Groundwater ET quantification using 


water table fluctuation method 
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Diurnal water level dynamics 


FS2-A (Mini-Diver) and FS2-B 
(Solinst levelogger)  


Typical diurnal dynamics in 
groundwater level during summer 
period in wells FS2-A and FS2-B 







Basic concept of water table fluctuation method 


Start of  ET season 


End of  ET season 
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Wang et al, 2014, Journal of Hydrology 


Assumption: lateral flow-induced water table change rate (      ) 


is independent of ET  processes 


Validity:  identity of         by groundwater level decline before 


and after the growing season 
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Groundwater ET estimation 
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     Temporal variability in groundwater ET 







Discussion 


Leaves scale: sap flow measurements 


Stands scale: eddy covariance measurements; lysimeter measurements 


Watershed scale: water balance method; WTF method 


Scaling eco-hydrological processes from leaves to watersheds 


Asbjornsen et al., 2011.  JoPE 
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SYSTEM-ANALYTICAL MODELING OF WATER QUALITY FOR MOUNTAIN RIVER 


RUNOFF 


Yuri Kirsta, Alexander Puzanov 


Institute for Water and Environmental Problems SB RAS, Russian Federation 


The present-day water quality management of river runoff calls for adequate mathematical 


models to assess quantitatively the hydrological and hydrochemical processes in river basins. The 


models should take into account both temporal and spatial effects of natural and anthropogenic (if 


any) factors on hydrological and hydrochemical regimes of rivers. The complicated orographic 


structure of mountainous areas and space-time composition of climatic fields impede the task 


solution greatly. A system approach with appropriate methods for modeling of complex natural 


systems can be feasible solution of the problem. One of such methods is the application of single-


valued functions with multiple arguments analytically defined on specified time intervals. The 


system approach and these functions were used as a basis for a proposed system-analytical 


modeling of water quality and mountain river hydrochemical runoff. 


The method of system-analytical modeling (SAM) makes it possible to reveal and describe 


quantitatively a set of basic processes and their relations to environmental factors (i.e., structural-


functional organization) for little studied natural systems [Kirsta, 2006; Kirsta Y., Kirsta B., 2014]. 


SAM is based on the system-hierarchical approach and is executed as a specific mathematical 


analysis of equations, which simulate intra- and interannual dynamics of natural system components 


under study. In our case, it is intra-annual dynamics of water and hydrochemical runoff calculated 


and compared with experimental data for each year of the available long-term records. We apply 


SAM method to identify and quantitatively characterize the functional relationships of the runoff 


with meteorological factors, morphometry and landscape structure of river basins. SAM allows to 


extract the information on these relationships from the long-term experimental data series. The 


runoff models are constructed in MATLAB environment from algebraic equations. We determine 


the character of functional relationships between the processes and factors by way of hydrologically 


and hydrochemically well-founded selection and adjustment of the combined equations to minimize 


the RMS discrepancy (quadratic residual) between the calculated and the observed dynamic 


characteristics. Using the observed values of water and hydrochemical runoff as a left side of 


discharge equations permits to evaluate both the equation parameters and quadratic residual for the 


test versions of mathematical models via inverse problem solution with help of optimization 


methods. The models are considered to be constructed if they provide minimal residual value.  


To model the quality of river runoff we chose the territory of the Altai-Sayan mountain country 


(50–56° N and 83–100° E), which represents a part of the world watershed between the humid zone 


of the Arctic Ocean and the arid drainless area of Central Asia. An integral set of universal models 







for seasonal and long-term dynamics of water and hydrochemical runoff was developed based on 


the example of 34 mid-size and small rivers of the country. The set includes (a) climate model, (b) 


water runoff model, and (c) seven hydrochemical runoff models. The last characterize the following 


hydrochemical composition of the river runoff: nitrogen mineral forms (separately 


NO2
−, NO3


−, NH4
+), phosphates (anions PO4


3−), ions (dissolved matter, i.e. mineralization of water), 


total dissolved iron, suspended matter.  


To calculate the seasonal runoff, four hydrological periods/seasons  were specified: winter low 


water, spring-summer flood, summer low water, and autumn low water. A total of 13 typological 


geosystem groups (landscapes) were selected to account for a landscape structure of river basins. In 


“b” and “c” models, the hydrological and hydrochemical regimes of river basins are divided into 13 


standard types that correspond to selected hydrological seasons and landscapes. Each type depends 


on spatially generalized monthly dynamics of precipitation and air temperature. These 


meteorological characteristics are calculated in “a” model and are expressed in percent of specified 


long-term mean values to be the same throughout the Altai-Sayan mountain country.  


GIS data on the relief and landscape structures of mountain river basins represent the input 


information for the “b” and “c” models. It includes the area and average altitude of the basins, the 


area and elevation of landscapes, the altitude of the outlet, the length of river channels (between the 


river head and the outlet), and the area of arable land (if any). The spatially generalized for the 


Altai-Sayan mountain country normalized monthly precipitation and mean monthly air temperature 


as well as water runoff estimated for individual landscapes in river basins with “a” and “b” models 


serve as input factors for seven “c” models.  


The solution of the inverse problem for every hydrological season allowed to find the values of 


all model parameters, including the permanent seasonal hydrochemical composition of landscape 


water entering the rivers. Then the seasonal and long-term dynamics of water and seven 


hydrochemical runoffs was evaluated for each of the specified landscapes and arable area in 34 


river basins, and for basin outlets as well. 


To provide the effective water quality management, the sensitivity of each model to variations of 


input factors was evaluated. The sensitivity is expressed as a contribution of a particular factor to 


the variance of the observed values of the output variable (water or hydrochemical runoff). A 


quantitative assessment of the hydrochemical runoff sensitivity was obtained for the following 


factors: landscape structure of river basins, basin lateral slope, precipitation, arable land area. For 


instance, phosphates runoff sensitivity was obtained for landscape structure (55%), arable land area 


(5%), basin slopes (5%), and precipitation (16%) during summer low water.  


Using the sensitivity data, a comprehensive component analysis of model residual variance 


(variance of difference between the calculated and the observed values of output variable) was 


2 







carried out. We estimated the contribution of the errors of input factors, output variable 


observations, and inaccuracy of model equations to the residual variance. This analysis allows 


characterizing the performance/adequacy of mathematical models themselves as compared to such 


traditional criteria of their performance as RSR (RMSE-Standard deviation Ratio) [Moriasi, et al., 


2007; Koch, Cherie, 2013] and NSE=1–RSR2 (Nash-Sutcliffe model Efficiency coefficient) [Koch, 


Cherie, 2013], which do not separate the model error from observation errors of input factors and 


output variable. Both RSR < 0.60 and NSE > 0.65 estimated for each of developed runoff models 


represent their good or very good performance.  


It is easy to forecast the water and hydrochemical runoff for the next hydrological season using 


the models presented. It is shown that the most probable runoff can be forecasted for 3–4 months 


ahead with a twice reduced variance as compared to the similar forecast based only on the observed 


mean runoff. For example, the forecast of seasonal water runoff is particularly important for 


regulation of water release from mountain hydroelectric plant reservoirs during spring-summer 


flood, when the main volume of annual runoff enters the reservoir. 


The combined models of normalization and spatial generalization of monthly precipitation and 


mean monthly temperature, water and hydrochemical runoff allow us to estimate and manage the 


seasonal and long-term dynamics of water quality for any river basin of the Altai-Sayan mountain 


country, even under the lack of experimental hydrometeorological and hydrochemical data on the 


basin. Quite apparently, the models with anew selected landscapes and the updated values of 


parameters can be applied to any mountainous area.  
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           2 Introduction 


 Traditional mathematical modelling of water and hydrochemical runoff is
largely based on the data from specialized studies of factors influencing
the flow. These are laborious and costly research in mountain river
basins.


 The lack of data on hydrological and hydrochemical processes in
mountain river basins, including substance transport in soils, rocks and
riverbeds as well as chemical reactions, creates insoluble problems when
using differential equations in the models.


 The method of system-analytical modelling (SAM) makes it possible to
avoid costly specialized research by using instead the archival data on
long-term observations of the studied characteristics dynamics when
hydrological, meteorological and hydrochemical information is limited.


 Determination of the structure and parameters of simulation models for
hydrological and hydrochemical runoff through solving the inverse
problem by means of optimization techniques is the basis for SAM of river
water quality.
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           3 Initial data and investigation techniques 


Schematic map of 34 model river 
basins in the Altai-Sayan mountain 
country with the area of 177–21000 
km2.  


Four hydrological periods/seasons 
are specified: 1) winter low water 
(XII–III months), 2) spring-summer 
flood (IV–VI), 2) summer low water 
(VII–VIII), 4) autumn low water with 
possible flood in case of heavy rains 
(IX–XI). 


In order to take into account a 
landscape structure of river basins, 
we selected 13 groups of 
geosystems (13 landscapes) that 
reflect the features of water and 
hydrochemical runoff formation.  
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           4 Initial data and investigation techniques 


 For SAM of river flow quality we used the data from the USSR and RF 
Hydrometeorological Service on 5300 streams, substance concentrations 
present there, monthly precipitation and average monthly air temperature, 
the cartographic information on the topography and landscape structure 
of the basins, including the area and average altitude of each landscape 
in each basin, the area of arable land, lateral slope of the basin and 
altitude of its outlet, and river length (from source to outlet).  


 All cartographic material was processed in ArcGIS 9.2 to create digital 
versions of the maps. The morphometry of landscape structure of each 
river basin, namely the area and mean altitude of landscapes, were 
calculated with TIN models constructed by 3D Analyst extension of 
ArcGIS. 


 For outlets, 300-500 average seasonal concentrations of each analyte by 
different seasons and for different years (1951-2003) were used. For the 
research we selected nitrogen mineral forms NO2


−, NO3
−, NH4


+, phosphates 
PO4


3−, total dissolved iron, mineralization of water, suspended solids. All 
concentrations were normalized to their long-term average value for 34 
basins.  
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           5 Initial data and investigation techniques 


 A software package for discarding unreliable experimental data and
identification of more than 100 parameters of the test models via
optimization solving the system of 1300-1500 algebraic equations was
developed based on the programming environment MATLAB.


 Actual data on the dynamics of the analyzed process should exceed the
parameters’ number in equations more than 10 times; therefore, only 3
parameters are allowable to use for the description of the influence of
each basin characteristic (slope, arable land, etc.) on analyte
concentration.


 During SAM we performed checking of different physically and
hydrologically consistent equations describing the substances runoff
under influence of different environmental factors. Algebraic equations
providing the least quadratic discrepancy between the calculated and the
observed analyte concentrations in the river flow were derived.
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           6 Initial data and investigation techniques 


where X1, X2, Y1, Y2, Z1, Z2 are parameters;  X is a changing input factor 
or a model variable. 


X


H


(X1,Y1) 


(X2,Y2) 


 To describe the unknown dependencies, a match piecewise-linear
function H(X1, X2, Y1, Y2, Z1, Z2, X) composed of three linear segments
with parameters being adjusted during SAM is used:


𝐻𝐻 𝑋𝑋1,𝑋𝑋2,𝑌𝑌1,𝑌𝑌2,𝑍𝑍1,𝑍𝑍2,𝑋𝑋 =


 𝑌𝑌1 + 𝑍𝑍1 𝑋𝑋 − 𝑋𝑋1 ,  𝑖𝑖𝑖𝑖  𝑋𝑋 < 𝑋𝑋1 
𝑌𝑌2 − 𝑌𝑌1
𝑋𝑋2 − 𝑋𝑋1


𝑋𝑋 − 𝑋𝑋1 + 𝑌𝑌1, 𝑖𝑖𝑖𝑖  𝑋𝑋1 ≤ 𝑋𝑋 < 𝑋𝑋2
𝑋𝑋1 ≠ 𝑋𝑋2  ,


 𝑌𝑌2 + 𝑍𝑍2 𝑋𝑋 − 𝑋𝑋2 ,  𝑖𝑖𝑖𝑖  𝑋𝑋 ≥ 𝑋𝑋2 
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           7 Climate model 


 To assess water quality due to SAM, a series of models, i.e. (a) climatic, 
(b) water runoff, and (c) seven hydrochemical runoff ones were 
developed. The latter characterize hydrochemical composition of the 
river runoff: NO2


−, NO3
−, NH4


+, PO4
3−, total dissolved Fe, mineralization of 


water (total ions), and suspended solids.  


 The developed method of normalization and spatial generalization of air 
temperature and precipitation was applied to calculate their dynamics 
using the data from 11 reference weather stations. 
The dynamics is expressed in percent/fraction of three specified long-
term averaged monthly values in situ (long-term averaged January 
temperature applied for X-IV months, long-term averaged July 
temperature for V-IX months, and long-term averaged July precipitation 
for all months of a year) and it does not depend on the site coordinates 
and altitude. 


 Model "a" is based on the same monthly and long-term dynamics of 
normalized air temperature as well as precipitation in the mountainous 
territories.  


 Model "a" calculates 636 normalized values of average monthly 
temperature and 636 normalized monthly precipitation for the period 
1951-2003, which are the same for all river basins of the mountain 
country and are used in models “b”, “c”. 
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           8 Water runoff model 


 In model "b", water flow is described by an equation that takes into
account precipitation, air temperature, area and altitude of landscapes:


𝑄𝑄𝑖𝑖 = � {𝑎𝑎𝑘𝑘  𝑆𝑆𝑘𝑘𝑖𝑖  𝑃𝑃1 𝐻𝐻(𝑐𝑐1, 𝑐𝑐1, 1,1, 𝑐𝑐2, 𝑐𝑐3,𝑇𝑇1) 𝐻𝐻(𝑐𝑐4, 𝑐𝑐4, 1,1, 𝑐𝑐5, 𝑐𝑐6,ℎ𝑘𝑘𝑖𝑖 )}
𝑘𝑘


+ 


 +� {𝑏𝑏𝑘𝑘  𝑆𝑆𝑘𝑘𝑖𝑖  𝑃𝑃2 𝐻𝐻(𝑐𝑐7, 𝑐𝑐7, 1,1, 𝑐𝑐8, 𝑐𝑐9,𝑇𝑇2) 𝐻𝐻(𝑐𝑐4, 𝑐𝑐4, 1,1, 𝑐𝑐5, 𝑐𝑐6,ℎ𝑘𝑘𝑖𝑖 )}
𝑘𝑘


+ 𝑐𝑐10 


where 𝑄𝑄𝑖𝑖 is average seasonal streamflow at the outlet of basin i normalized to its 
long-term mean value, i =1,2,…, 34;  1st and 2nd summands relate to 
contributions of the preceding and current hydrological seasons, correspondingly; 
but when calculating the streamflow for the 1st season (winter low water) these 
summands relate to the 3d and 4th seasons of the previous year;  
parameters ak, bk characterize the contribution of k-th landscape, k =1–13; 
𝑆𝑆𝑘𝑘𝑖𝑖 ,ℎ𝑘𝑘𝑖𝑖  represent relative area and altitude of k-th landscape in basin i;  
parameters c1–c9 reflect the influence of temperature 𝑇𝑇1,𝑇𝑇2 and altitude ℎ𝑘𝑘𝑖𝑖 ; 
𝑃𝑃1,𝑃𝑃2 are normalized monthly precipitation averaged for a season; 
𝑇𝑇1,𝑇𝑇2 are deviations of normalized air temperature from 1 averaged for a season; 
parameter c10 characterizes constant replenishment (c10>0) or depletion (c10<0) of 
runoff into both free groundwater and water of rock fracture zones (runoff in depth); 
H is the match piecewise-linear function composed of three linear segments. 
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           9 Water runoff model 


 By way of example of established environmental factors dependencies of 
river runoff, one can take any river, (e.g. r. Maima with a catchment area 
of 780 km2).  
Water runoff is normalized to its mean monthly value to reflect general 
dependencies of its formation in river basins with different catchment 
areas, different landscapes and orography (see Fig.):  


 Model "b" calculates the contribution of each landscape in each river 
basin for all years of hydrochemical observations (more than 12.000 
values for 4 hydrological seasons) to be used later in 7 models "c".  


 SAM-based model “b” provides the least quadratic discrepancy among 
5300 observed and calculated flows in the basin outlets for each (out of 
4) hydrological season.  


 The model includes 144 parameters found during SAM when solving 
inverse problems for a system of ~1300 equations for each season. 36 
parameters falls on one season, and 3 parameters – on the description 
of hydrological regime of an individual landscape.  
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           10 Water runoff model 


A – winter low water (XII-III months), temperature & precipitation for IX-XI of the preceding year; 
B – spring-summer flood (IV-VI), temperature & precipitation for IV-VI of the current year; 
C – summer low water (VII-VIII) , temperature & precipitation for VII-VIII; 
D – autumn low water (IX-XI) , temperature & precipitation for IX-XI. 


A B 


C D 
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           11 Hydrochemical runoff models 


 In models “c” average seasonal hydrochemical runoff 𝐻𝐻𝐻𝐻𝑖𝑖 from basin i  is
described by the equation taking into account the calculated runoff,
precipitation, lateral slope of the basin, and arable land area:


𝐻𝐻𝐻𝐻𝑖𝑖 = ∑ {𝑎𝑎𝑘𝑘  𝑄𝑄𝑘𝑘𝑖𝑖  𝐻𝐻(𝑐𝑐1, 𝑐𝑐1, 1,1, 𝑐𝑐2, 𝑐𝑐3,𝑃𝑃) 𝐻𝐻(𝑐𝑐4, 𝑐𝑐4, 1,1, 𝑐𝑐5, 𝑐𝑐6,𝐾𝐾𝑖𝑖)}𝑘𝑘 +b 𝑞𝑞𝑖𝑖+ d  𝑆𝑆𝑖𝑖  𝑄𝑄𝑖𝑖, 
for the 1st season (winter low water)


𝐻𝐻𝐻𝐻𝑖𝑖 = ∑ {𝑎𝑎𝑘𝑘  𝑄𝑄𝑘𝑘𝑖𝑖  𝐻𝐻(𝑐𝑐1, 𝑐𝑐1, 1,1, 𝑐𝑐2, 𝑐𝑐3,𝑃𝑃) 𝐻𝐻(𝑐𝑐4, 𝑐𝑐4, 1,1, 𝑐𝑐5, 𝑐𝑐6,𝐾𝐾𝑖𝑖)}𝑘𝑘 +b 𝑞𝑞𝑖𝑖+ d  𝑆𝑆𝑖𝑖  𝑄𝑄𝑖𝑖, 
 and for the rest seasons 


𝑃𝑃 is the normalized monthly precipitation averaged for preceding IX-XI months 
(1st season) or for  IV-VI, VII-VIII, IX-XI months (2nd, 3d, 4th seasons);  
𝑄𝑄𝑘𝑘𝑖𝑖  is the calculated runoff from k-th landscape in basin i, k =1–13, i =1–34; 
ak are parameters corresponding to a constant average seasonal analyte 
concentration in the calculated water runoff of landscape k;  
𝐾𝐾𝑖𝑖 is the average lateral slope of basin i calculated by GIS as the tangent of 
inclination angle of slopes relative to the horizontal; 
b is the parameter characterizing the mean seasonal concentration of the analyte 
in the calculated inflow (or outflow) of mean seasonal groundwater  runoff  𝑞𝑞𝑖𝑖 in 
basin i; 
𝑆𝑆𝑖𝑖 is the relative area of arable land in basin i; 
d is the parameter characterizing the 𝑆𝑆𝑖𝑖 dependence of analyte concentration in 
the calculated runoff 𝑄𝑄𝑖𝑖 in  basin i.  
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           12 Hydrochemical runoff models 


 Equations summarize the contribution of some landscapes and
groundwater flow, which is formed of soil-groundwater and water from
fractured rock zones, to total hydrochemical runoff of each river basin.


 Since there are no any experimental measurements of substance
concentrations, parameters of models ak correspond to theoretical values
of substance concentration in landscape water entered the river flow.


 Power n =1 of 𝑆𝑆𝑖𝑖 for the first hydrological seasons (winter low-water)
means analyte inflow from the whole area of arable land to groundwater
and water in fractured rock zones feeding the streams in winter.
Power n = 1/2 of 𝑆𝑆𝑖𝑖 for the remaining hydrological seasons reflects
analyte inflow mostly due to the surface and subsurface interflow.


 Each analyte (three nitrogen mineral forms NO2
−, NO3


−, NH4
+, phosphates


PO4
3−, total dissolved iron, mineralization of water, suspended solids) has


its own parameters in each season.
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           13 Hydrochemical runoff models 


 Figure presents the total ion runoff/mineralization (g/s×104) as a function 
of different hypothetical lateral slope of the basin and normalized 
precipitation for the upper reaches of the Katun river (at mean values of 
other factors), that is an example of environmental factors dependencies 
of hydrochemical runoff: 


 Parameter values are the same for 34 river basins in spite of their 
orographic and climatic diversity.  
Thus the equations are universal and applicable to all river basins in 
investigated mountainous area.  


 Equations allow us to calculate the runoff of substances from each of 13 
landscapes and arable land, the total runoff from the basin, and 
substance concentration in the river flow.  


 All the parameters of the equations for each hydrological season were 
found during SAM via solution of inverse problems carried out for 
systems of 1200–1500 equations describing the analyte flow for the 
selected years.  


 Runoff models for the studied substances have 84 parameters: 21 for 
each season, including ~2 for each landscape.  
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           14 Hydrochemical runoff models 


B A 


D C 


A – winter low water (XII-III months), temperature & precipitation for IX-XI of the preceding year; 
B – spring-summer flood (IV-VI), temperature & precipitation for IV-VI of the current year; 
C – summer low water (VII-VIII) , temperature & precipitation for VII-VIII; 
D – autumn low water (IX-XI) , temperature & precipitation for IX-XI. 
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           15 Sensitivity and performance of models 


 A simple method for assessing the model sensitivity to natural variations
of environmental factors used as input ones was developed.
Sensitivity is expressed as a contribution of a particular factor to the
variance of observed values of the output variable.


 To provide the effective water quality management, a quantitative
assessment of water and hydrochemical runoff sensitivity was obtained
for the following factors: landscape structure of river basins (water runoff
from landscapes), basin lateral slope, precipitation, air temperature,
arable land area.


 Using the sensitivity data, a comprehensive component analysis of
model residual variance (variance of difference between the calculated
and the observed values of output variable) was carried out.
It allows to characterize model error (its performance) without the
influence of observation errors of input factors and output variable.


 Model performance criteria RMSE-Standard deviation Ratio (RSR) and
Nash-Sutcliffe model Efficiency coefficient (NSE=1–RSR2) were
calculated for each of water and hydrochemical runoff models.
Their values RSR<0.60 and NSE>0.65 represent good or very good
performance of the developed models.
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           16 Model sensitivity to variations of environmental factors 


Input factors 


Sensitivity of water and hydrochemical runoff 
Чувствительность водного и гидрохимического стоков 


for 1, 2, 3, 4-th hydrological seasons, % 


Water NO2
− NO3


− NH4
+ PO4


3− Total 
ions 


Dissolved 
iron 


Suspended 
matter 


Landscape structure of 
river basins /  


Landscape altitude a.s.l. 


4/0.3 
6/0.2 
11/~0 
4/0.6 


52 
  9 
88 
19 


22 
19 
46 
31 


41 
  3 
55 
  9 


>100 
52 
55 
48 


8
4
7
6


12 
33 
64 
69 


98 
13 
21 
12 


Lateral slope of basins – 


6
5
2


10 


14 
  9 
0.5 
15 


9
2
9


19 


15 
14 
5
7


18 
5
7
2


10 
4
6
9


5
3


0.8 
  2 


Precipitation / Temperature 


17/6 
22/16 
16/6 
34/4 


  5 
0.3 


3
5


1
1


0.4 
  1 


3
2
6


11 


9
0
5


16 


2
1
6
6


11 
~0 


6
8


5
2
2
5


Arable land area – 


4
5


0.3 
  3 


2
0
0
0


0.1 
5
0
0


  4 
16 
16 
16 


12 
33 
7
9


~0 
21 
~0 
~0 


  1 
20 
9
4
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           17 Main results of investigations 


 The combined universal models of normalization and spatial
generalization of average monthly temperature and monthly precipitation,
water and hydrochemical runoff allow us to estimate and manage the
seasonal and long-term dynamics of water quality for any river basin of
the Altai-Sayan mountain country, even under the lack of experimental
hydrometeorological and hydrochemical data on the basin.


 In particular, the most probable seasonal water runoff can be forecasted
with a twice reduced variance as compared to the similar forecast based
only on the observed mean runoff.
It is greatly important for regulation of water release from mountain
hydroelectric plant reservoirs during spring-summer flood, when the main
volume of annual runoff enters the reservoir.


 Using the models presented, it is easy to forecast the water and
hydrochemical runoff for the next hydrological season, i.e. for 3–4
months ahead.


 The developed models with anew selected landscapes and the updated
values of parameters can be applied to any mountainous area.







Institute for Water and Environment Problems SB RAS 


           18 


Thank you for attention   


Lake Shavlinskoe, r. Shavla, North Chu ridge 







Surface water quality assessment based on testing local mollusks and crustaceans 


physiological condition 


Kholodkevich S.V.1, 2, Sharov A.N.1, Kuznetsova T.V.1, Feng Y.3, Sun K.3 


1Scientific Research Center for Ecological Safety Russian Academy of Sciences, St.-Petersburg, 


Russia  
2Saint-Petersburg State University, Saint-Petersburg, Russia 
3 State key Laboratory of Urban Water Resource and Environment, Harbin Institute of 


Technology, Harbin, PR China 


For the last several decades in numerous studies the existence of interrelation of a 


physiological condition of animals and quality of the environment of their habitat has been 


proved. Physiological indicators of cardiovascular system, respiratory, vegetative indices and 


change in behavior of an animal represent fast responses of an organism which can be used 


successfully in case of development methods for the assessment of biological effects of surface 


water pollution. 


Mollusks and crustaceans represent in marine and freshwater ecosystems mass on number 


and key species in the trans-species relations and food web. For this reason they are often used as 


test organisms in various biomonitoring studies, where the assessment of water quality is crucial. 


At the same time, as a rule, study of adaptive (compensatory) changes in activities of their vital 


functional systems and organs is commonly accepted in case of hazardous impact assessment. 


The reason to employ indigenous mollusks and malacostracan crustaceans in the 


assessment of water quality is in consistency with the problem of ecosystem health assessment, 


because biotic compound greatly determine ecosystem quality. The reactions of organisms to 


environmental challenges (sudden or chronic) may predict truthfully the response of the whole 


certain ecosystem upon of any hazardous impacts, because the test-organisms were taken exactly 


from the same ecosystem (Depledge and Galloway, 2005). 


Numerous works are devoted to ecotoxicological studies of influence on mollusks of 


heavy metals, hydrophobic and hydrophilic organic substances, and also their mixture that 


usually takes place in nature. Integrated pollution of habitat is reflected in adaptive capacities of 


native aquatic organisms. Health of animals from habitats different in level of anthropogenic 


pressure can be evaluated using standardized functional load tests (Kholodkevich et al., 2011). 


The aim of the present study was the approbation of the method for water quality 


assessment based on measuring of new biomarkers of physiological condition of aquatic 







mollusks and malacostracan crustaceans by the use of bioelectronic systems. The bioelectronic 


systems are information and measurement systems where animals are included in the primary 


transducers to be an integral part of the electronic system measuring physiological or behavioral 


biomarkers (Kholodkevich, 2006).  


The objectives of the study were: 


1) development of the fiber-optic noninvasive method for measurement and analysis of


cardiac activity in mollusks and malacostracan crustaceans; 


2) assessment of healthy condition of the mollusks and malacostracan crustaceans by


testing of their adaptive capacities using standardized functional load; 


3) compare ecological status (quality) of selected water areas based on the assessment


healthy condition of the local mollusks and malacostracan crustaceans. 


Research methods 


The assessments of physiological condition of mollusks and crustaceans were carried out 


on the basis of noninvasive heart beating monitoring, followed by the analysis of their cardiac 


response to functional loading – a short-term (1 hour) experimental reduction (for marine 


organisms) or increase in salinity of medium (for freshwater organisms) for 50% from ambient 


water salinity. After an hour from the onset of such influence, the water was replaced to the 


water of natural salinity. It is essential, that the changes have to be performed in the species 


tolerance limit. 


Quantitative estimates of health condition of organisms according to recommendations 


(Kholodkevich et al., 2010) were carried out calculating HR recovery time, namely, a period 


between the moment of restoration of initial salinity of water and before lack of reliable 


differences of HR from the background values taking place before increase of salinity of water. 


Using the suggested testing procedure, we found significant difference in the cardiac 


responses of macrobenthic invertebrates (mussels, clams, crustaceans) inhabiting polluted and 


non-polluted (reference) sites. In our numerous studies conducted on the White Sea, the Black 


Sea, the Adriatic Sea (Kotor Bay, Montenegro) and the Neva river estuary (St.-Petersburg, 


Russia) it was found that the HR recovery time was established to be in the range of 1 hour in 


reference sites and reach up to 90 mins or more in polluted ones. Our findings give rise to 


discriminate study water areas using whole organism response of freshwater and marine species 


to pollution effects.  


As a result of the studies it was proposed to establish Trec less than 60 min as the 


reference value. Increasing of this period may be associated with the decline in mollusks 







physiological conditions due to adverse changes in environmental quality. Authors suggested to 


divide possible range of Trec into five classes of ecological status (see Table). 


Table 
Criteria for the assessment of water quality using HR recovery time (Trec) 


as indicative parameter in marine and freshwater mollusks 


Ecological status 
Trec, min 
(Mytilus)


Trec, min 
(Anodonta)


High <60 <50 
Good 60-70 50-70 


Moderate 70-80 70-100 
Poor 80-100 100-200 
Bad >100 >200 


Thus, the investigations undertaken by authors earlier have allowed not only to elaborate 


some key criteria for evaluation of physiological condition of local species of fauna, but also to 


link observed alterations of their adaptive capacities with quality of habitat. These parameters 


could serve as a reliable complement to well-known and widely used standard physical-chemical 


methods, as well as the measurements of biochemical indicators of the oxidative stress arising as 


result of the polluting agent’s action. Further, it is of considerable interest to conduct 


comparative studies in different water areas of the Neva River (Russia) and Sungari River 


(China) having not only great recreational value, but also being sources of the centralized 


drinking water supply of the population of the large cities.  
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ОЦЕНКА КАЧЕСТВА ПОВЕРХНОСТНЫХ ВОД НА 
ОСНОВЕ ТЕСТИРОВАНИЯ ФИЗИОЛОГИЧЕСКОГО 
СОСТОЯНИЯ МЕСТНЫХ ВИДОВ МОЛЛЮСКОВ И 
РАКООБРАЗНЫХ  
 


SURFACE WATER QUALITY ASSESSMENT BASED ON 
TESTING PHYSIOLOGICAL STATE OF NATIVE 
MOLLUSKS AND CRUSTACEAN  







Now in the majority of the countries steady 
interest in transition to the on-line monitoring 
systems using reactions of benthic 
invertebrates as indicative parameters is 
observed.  
Invertebrates have sufficient sensitivity for 
detection of  chemical stress in the 
environment, e.g., aquatic ecosystems, 
including surface, treated sewage and drinking 
water. 







In our studies to assess ecosystem health (state) we use 
instrumental systems and technologies based on 
measurements of ecotoxicological biomarkers.  


Ecotoxicological biomarkers – a biochemical, cellular, 
physiological or behavioral variation that can be 
measured in tissue or body fluid samples at the level of 
the whole organism (either individuals or populations) 
that provides evidence of exposure (exposure 
biomarkers) to and/or effects (health biomarkers) of 
one/more chemical pollutants (Depledge, 1993).  







Backgrounds of  active bioindication method in use: 
Chronic pollution of the aquatic systems causes 
changes in adaptive capacities of aquatic organisms. 


Health of the animals from different in anthropogenic 
pressure habitat sites could be assessed using 
standardized load tests followed by  analysis of 
recovery time of their physiological and/or behavioral 
parameters after removal of such load tests (in the 
range of species tolerance for studied micropopulation). 


It was found that representatives of Mollusca and 
Crustacea living in the pure sites differ from those from 
polluted sites in the time of  heart recovery and 
recovery of  typical behavior (e.g., valve movements) 
after removal of test treatment. 







In 2010 at Winberg-2010 Conference for bioindication 
of ecosystem state (Kholodkevich, Kuznetsova, 2010) in 
order to obtain accurate monitoring data on chemical 
stress in the invertebrates we proposed to use 2 new 
biomarkers: 
 
 - heart rate recovery time (Trec, mins) after rapid 
change of medium salinity, test used as functional load; 


 
  - coefficient of HR variation (CVHR, %) over the group 
of tested organisms after removal of load.  
 







Stages of data analysis for a sample of cardiac intervals (usually 50 or 
100 intervals) to obtain the variational pulsometry (VP) characteristics: 
heart rate (HR), standard deviation (SD) (from Kholodkevich et al., 2008) 


Block-scheme of experimental set up 
and automatic data processing  







Method in use 
Diagnostic of functional state of mollusks was done by 
analysis of characteristics of cardiac activity measured by 
non-invasive fiber-optic method and by the use of hyper- 
or hypo-osmotic treatment. 


Biomarker Тrec: Time of HR recovery to background level 
(after restoration of water salinity in tank) 


1 – changes of HR of mollusk, 
2 – background level of HR,  
3 – recovery time of HR. 
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In the recent report the examples of application of  
suggested biomarkers tested:  
 
in organisms from different aquatoria of the Gulf of 
Riga, Bothnian Sea, Belt Sea, Boka Kotorska Bay 
(Adriatic Sea), Tallinn Bay and a few lakes in Latvia 
and in rivers of the Yaroslavl Region, Neva estuary 
areas are presented. 







Active Biomonitoring based on translocation of mussels in cages 
from reference site to the site of concern (BONUS/BEAST project) 


Assessment of biological effects of anthropogenic chemical 
stress: 
Method was approbated during EU funded projects for the 
assessment of ecosystem health in sub-regions of the Baltic 
Sea : 
•BONUS+BEAST Program (Biological Effects of Anthropogenic
Chemical Stress: Tools for the Assessment of Ecosystem Health); 
•HYDROTOX (Water Toxicity Estimation)







Mussels with attached sensors for cardiac activity 
monitoring are ready to be installed in cages 







А – Reference 
area 


B – Area with the 
unknown pollution 
level 


Selection of bioindicators – representatives 
of native benthic invertebrates 


Evaluation of physiological state of native 
organisms using standardized test load 


Calculation of EQR and establishing of 
ecological status of area B comparing with 
reference area A 


Compare bioindication with animals and 
chemical data on pollution level 


Method of comparative 
assessment of pollution 
effects based on testing 
adaptive capacities of 
native benthic 
invertebrates (Bivalvia, 
Crustacea) using 
bioelectronic monitoring 
system. 







 
Сalculation of  biomarkers  Trec and CVHR  for study sites of 
the Gulf of Bothnia (Bothnian Sea expedition 2010  
 in the frame of the BONUS/BEAST Project) 


 
 


Station CV 


S_1 0,36 


S_2 0,27 


G_1 


G_2 


0,19 


0,06 







Time of HR recovery after removal  of 
load in mussels caged in different 
stations in the Gulf of Bothnia (Baltic Sea) 


SRCES RAS 


Parametres: LMS, 
Phagocytosis, Condition 
index, LPO, AChE 


SYKE 


Comparison of Integrated Ecological State assessment (Gulf 
of Bothnia) with the use of Cardiac Biomarkers (SRCES RAS) 
and Core Bio-Indicators (SYKE) 







Unio pictorum (Linnaeus, 1758) 


Unio tumidus Philipsson, 1788 


Anodonta cygnea (Linnaeus, 1758) 


Dreissena polymorpha 
 Pallas, 1771 


Dreissena bugensis 
Andrusov, 1897 


Freshwater mussels: aquatoria of the Eastern Part of the Gulf 
of Finland and Rybinsky Reservour  



http://en.wikipedia.org/wiki/File:Dreissena_bugensis.jpg





Reduction  of  HR of Anodonta by 1-hour change of water 
salinity  and HR recovery  to the background level during the 
subsequent restoration of initial water salinity  


(Borok=reference site) 







Changes of individual HRs of Anodonta (n=16)  from polluted 
aquatoria (river Yagorba, Cherepovets city, Russia) under 
salinity test (Т 20°С) 


HR recovery time more than 6 hours 







Comparative assessment: HR Trec of Anodonta (n = 14) from 
differently contaminated sites: river Yagorba, near Cherepovets and 
the Rybinsk Reservoir (upper River Volga), Borok  







… during testing of mussels 
(n=16) from Tallinn Bay, Baltic 
Sea, in clima room in Tallinn 
Marine System Institute (May 
2014) . 







Histograms of T rec of Anodonta (n=14) from differently 
contaminated sites of the Easter Part of the Gulf of Finland 







Ecological Quality Ratio (EQR) – the ratio between the value of the 
observed biological parameter for a given surface water body and 
the expected value under reference conditions.  


Ecological Quality Ratios in the Water Framework Directive 


Ecological status EQR Trec, min 


High >0,80 >50 
Good 0,60 – 0,80 50 – 70 


Moderate 0,40 – 0,60 71 – 100 


Poor 0,20 – 0,40 101 – 200 


Bad < 0,20 >200 







Seasonal dynamics of the mean heart rate recovery time (Trec) after 
hyper-osmotic test in the mollusks from the eastern part of the Gulf of 
Finland in 2014 and EQR  (Dubki – site 1, Repino – site 2 on the map) 







Trec of  HR of Macoma balthica (n=7) from brackish waters of the Gulf of 
Riga 101A, 163B, 167B и VAD2 (reference station) in May-Sept 2011   
and EQRT =Trec ref site / Trec study site  (ANOVA, p<0.05). 







 Unio pictorum from freshwater stations  KE, MB, HAP, SDG и LIZ (reference) in July-Sept 
2011 and EQRT  (ANOVA, p<0.05). 







Coefficient of correlation of HR Тrec and heavy metal content in 
mussels tissues for the Gulf of Riga species (G) and for fresh water 
areas- lakes species (L). 







Coefficient of correlation of Trec and coefficient of HR 
variation CVHR for some heavy metals in water 
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Location of 5 study sites of the Boka Kotorska Bay: 
1 – Ponto  375 , Stoliv (reference station), 2 - Fish shop, Ljuta, 3- Porto Bijela, 
4- Institute of Marine Biology, Dobrota,  5 - Kriva Ulica, Dobrota 
according to Ecological Quality Ratio (EQR) 







Heavy metal content in mussel’s tissues (µg/g) 


Station Trec 
(min) 


CV Mg Al P Ca Mn Fe Cu Zn Cd Sn 


Stoliv 35,00 0,09 441,0 105,0 1626,0 1723,0 4,70 116,0 1,60 19,0 0,22 0,13 


Port Bijela 50,00 0,18 653,0 21,0 1948,0 943,0 5,90 45,0 5,30 45,0 0,29 0,37 


Ljuta 63,00 0,24 385,0 167,0 2593,0 1500,0 3,90 180,0 2,00 28,0 0,32 0,16 


Dobrota 
(near IBM) 


38,00 0,13 367,0 38,0 2603,0 1232,0 2,30 52,0 1,60 24,0 0,25 0,13 







Trec and CV of HR and heavy metal content 
in mussel’s tissues (the Belt Sea) 


Study 
site 


Tвосст CV 
 


PAHs 
 


PCBs 
 


DDTs 
TBT-


Sn 
DBT-


Sn 
MBT-


Sn 


мин % 
mcg/
kg 


mcg/
kg 


mcg/
kg 


mcg/
kg 


mcg/
kg 


mcg/k
g 


2V 216.1 24 734.4 27.36 7.57 71.9 35.1 14.9 


2R 70.7 7 710.6 7.14 2.9 14.1 9.3 3.7 







EQR for station 2V (station 2R was used as reference) 
It is visible From the histogram that PAHs do not fall into to priority 
pollutants in this water area 
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They know about their environment better than we 


Achatina fulica 


Procambarus clarkii


Carcinus maenas 


Littorina Littorea  


Mytilus edulis  


Mytilus galloprovincialis 


Adriatic Sea crab  


Homarus gammarus 


Bio-approach 
 Living organisms very well “know” their environment. This 
“knowledge” is displaying in various way. It could be sharp changes of 
behavior in a case of accidental environmental toxic pollution, or slow 
change of physiological parameters as a result of absorption and 
accumulation of pollutants. 







ВЫВОДЫ 
 
 Автоматическая биосенсорная система и методологический 
подход, разработанный в НИЦЭБ РАН, применим как для 
пресноводных, так и солоноватых и морских акваторий.   


 Здоровье животных из разных акваторий может оцениваться 
с помощью применения биоэлектронных систем мониторинга 
их кардиоактивности и поведения по времени 
восстановления паттернов их ЧСС и поведения после 
кратковременной функциональной нагрузки (в пределах 
толерантности вида). 


 Процедура позволяет выявлять у животных хронический 
химический стресс и полезна при проведении кейджинговых 
(садковых) исследований различных акваторий.  


 Предложенная нами процедура тестирования 
функционального состояния животных позволяет снизить 
вариабельность получаемых данных и сравнивать 
различные по антропогенной нагрузке акватории. 
 







CONCLUSIONS 


 Automated biosensor system and methodological approach
developed in SRCES RAS  is applicable for both freshwater and
marine areas uses.


 Health of organisms from different in anthropogenic pressure
sites can be assessed by the use of bioelectronic systems for
monitoring and analysis of their cardiac activity and behaviour  in
recovery after short-term functional load (in the range of studied
species tolerance).


 The method proposed reveal chronic chemical stress and serves
good in caging studies in different aquatoria.


 The variability in the data is much reduced by the procedure,
while comparability of different locations  is improved.







Спасибо за 
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PROBLEMS OF THE USE AND PROTECTION OF WATER RESOURCES OF 


WESTERN SIBERIAN WETLANDS 


Borovikov Ju.S., Savichev O.G., Guseva N.V., Soldatova E.A. 


National Research Tomsk Polytechnic University, Tomsk, Russian Federation 


Introduction 


The West Siberian Plain occupies a huge area of about 2.6 million km2 from the Ural 


Mountains in the west to the Yenisei River in the east and from the Kara Sea in the north to the 


Kazakh Upland and mountains of Southern Siberia in the south. The plain covers the steppe, 


forest-steppe, taiga, forest tundra and tundra regions. A feature of the West Siberian Plain is a 


high rate of marshiness which reaches 40–50 % in the subzones of middle and southern taiga. In 


recent decades the vertical thickness of peat deposits has been observed to increase at the rate of 


about 1 mm/year.  


It is obvious that the wide distribution of wetlands imposes a significant imprint on all 


economic activities in the region. Also it is necessary to note the important role of the Western 


Siberian wetlands in the carbon cycle functioning and consequently in the climate change. It 


determines the influence of wetlands on climate and the environment and the importance of 


wetland study. Thus, the main aspects of Western Siberian wetlands’ water management will be 


described below. The main subjects of study are the wetlands of Tomsk region, including the 


Vasyugan swamp. The initial information was the data gathered from years of research 


performed at the Tomsk Polytechnic University (TPU), Tomsk State University (TSU) and 


several other organizations [Zemtsov, Savichev, 2015].   


The analysis of the legal framework of wetland management 


First of all, it is necessary to note the uncertainty of definition of the term "wetland" and 


the ambiguity of its relation to any types of natural and natural-anthropogenic objects. According 


to the GOST 19179-73, the term “wetland” is defined as “a natural formation, which occupies 


part of the earth's surface, represented by peat deposits, saturated with water and covered by 


specific vegetation" [ GOST 19179-73, p. 192]. A wetland massif is defined as “a part of the 


earth's surface occupied by a wetland with closed boundaries which are the line of a zero depth 


of a peat deposit” [GOST 19179-73, p. 193]. An active layer of a wetland means “a layer of 


active water exchange in a wetland which is transitional from a peat deposit to the surface of a 


moss cover and moss and wood-moss microlandscapes or to the surface of a dense plexus of 


rootstock in grass, reed, wood-grass and wood groups of microlandscapes” [GOST 19179-73, 


p. 195].


Similar definition is given in the Water code of the Russian Federation [Water code of the 


Russian Federation, 2006, article 5]: wetlands (swamps, bogs) are classified as surface water 







bodies which boundaries are held at a zero depth of a peat deposit. Thus, in the specified 


normative documents a wetland is recognized as surface water bodies. Although, according to 


[SP 116.13330.2012, p. 3.15], uderflooding (the important factor of wetland formation) is 


considered as a complicated hydrogeological (subsoil) process.  


The presence of peat is a necessary marker of a wetland in both above mentioned 


definitions. However, according to [GOST 25100-95, pp. 9–10], peat is considered as organic 


ground, while ground is “rocks, soils, anthropogenic formations”. At the same time, peat may be 


considered as a soil as it is proclaimed in a number of regulatory and methodological documents 


in the area of melioration and soil science [GOST 17.5.3.03-80; Classification..., 2004]. It should 


also be noted that, according to [the Land code..., 2001], a large part of the wetlands in Western 


Siberia are initially qualified as the lands of the State forestry fund. 


The issues of wetland management 


Thus, according to different experts and specialists a wetland can be considered as a 


surface water body, as a component of subsoil (including groundwater body), as a soil or forest 


object, etc.. Accordingly, there is a set of problems of the use and protection of the wetlands that 


conditionally can be divided into the following groups in accordance with [Federal Law on 


Environmental…, 2002]:  


1) informational support of the planning process (environmental monitoring under the conditions


of high natural geochemical background; natural resources inventory under the conditions of 


constantly changing size and features of the wetlands);  


2) planning (the schemes and government programs for the use, restoration and protection of the


environment under the conditions when the bogging worsens almost all indicators of water use 


and the ecological status of rivers, lakes and groundwater; regulation of an influences on water 


bodies under the conditions of exceeding of the maximum permissible concentrations in the 


wetlands water; prohibition of effluent discharge into the wetlands);  


3) prevention of environmental problems (integration of new production technologies;


management of investment cycle under the conditions when the more linear facilities crossing 


the wetlands and rivers, the higher accident risk; environmental education with due consideration 


to the high rate of marshiness in the region; creation of nature conservation areas under the 


conditions of sizes and position volatility of inner rivers and lakes, etc.);  


4) elimination or mitigation of the consequences of environmental issues (melioration and


recultivation of the wetlands without the justification; waste water treatment; storage and 


processing of drilling waste, etc.). 


Conclusions 


First of all, a solution of the above mentioned problems requires an integrated 







multidisciplinary approach and closer collaboration and efforts of various specialists. Secondly, 


as authors suppose, it is advisable not to include the wetlands in a group of natural or natural-


anthropogenic objects, but to consider the wetland as an independent object – a natural 


formation, which occupies a part of the earth’s surface and subsoil and characterized by a 


specific hydrological regime and vegetation. Accordingly, all issues of the wetland use and 


protection should be regulated by a special law, and also by water-, land-, forest- and 


environment-protective regulations, by subsoil legislation to the extent permitted in a special 


law. Thirdly, it is reasonable to consider the wetlands, first of all, for purpose of the use and 


creation of favorable conditions for human life taking into account the actual rate of marshiness 


of the territory.  
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Relevance 
The West Siberian Plain occupies a huge area of about 2.6 million km2 


from the Ural Mountains to the Yenisei River and from the Kara Sea to the 
Kazakh Upland and mountains of Southern Siberia. The plain covers steppe, 
forest-steppe, taiga, forest tundra and tundra regions. One of feature of the 
West Siberian Plain is high marshiness (reaches 40-50 %). The vertical 
thickness of peat deposit increases at the rate of about 1 mm/year. 


It is obvious that the wide distribution of the wetlands affects all 
economic activities in the region. Also it is necessary to note the important 
role of the Western Siberian wetlands in the carbon cycle functioning and 
consequently in the climate change. It determines influence of the wetlands 
on climate and the environment and the importance of research of the 
wetlands. Thus, further the main aspects of Western Siberian wetland’s water 
management will be described. The main subject of study is the wetlands of 
Tomsk region (fig. 1), including the Vasyugan swamp. 







Fig. 1. Map of the research areas:  
I – eutrophic swamps;  
II – mesotrophic swamps;  
III – oligotrophic swamps;  
 
IV – the research areas:  


1 – the Vasyugan swamp;  
2 – the Strezhevoy bog;  
3 – the Obskoye fen 







The analysis of the legal framework of 
wetlands management 


First of all, it is necessary to note the uncertainty of definition of the 
term "wetland" and the ambiguity of its relationship to any types of natural 
and natural-anthropogenic objects in Russian science and legislation. 
According to the [GOST 19179-73] the term “wetland” is defined as “a 
natural formation, which occupies part of the earth's surface, represented 
by peat deposits, saturated with water and covered by specific vegetation".  







The analysis of the legal framework of 
wetlands management 


A wetland massif is defined as “a part of the earth's surface occupied by a 
wetland with closed boundaries which are the line of a zero depth of a peat 
deposit”.  


An active layer of a wetland means “a layer of active water exchange in a 
wetland which is transitional from a peat deposit to the surface of a moss 
cover … or to the surface of a dense plexus of a rootstock”.  


Similar definition is given in the Water code of Russia [article 5]: “wetlands 
are classified as surface water bodies which boundaries are held at a zero 
depth of a peat deposit”. Thus, in the specified normative documents a 
wetland is recognized as surface water bodies, although, according to [SP 
116.13330.2012, article 3.15], underflooding (the important factor of wetland 
formation) is considered as a complicated hydrogeological (subsoil) process.  







The analysis of the legal framework of 
wetlands management 


The presence of peat is a necessary marker of a wetland in both above 
mentioned definitions. 


However, according to [GOST 25100-95, pp. 9-10], peat is considered as 
organic ground, while ground is "rocks, soils, anthropogenic formations". At 
the same time peat may be considered as a soil as it is proclaimed in the 
number of regulatory and methodological documents in the area of 
melioration and soil science [GOST 17.5.3.03-80; Classification..., 2004]. 
Also it should be noted that, according to [the Land code..., 2001], a large 
part of еру wetlands in Western Siberia are initially qualified as the lands of 
the state forestry fund (fig. 2). 







Fig. 2. 
Oligotrophic site 
of Vasyugan 
swamp within 
the Chaya River 
basin 







Problems of wetlands management 
Thus, according to different experts and specialists a wetland can be 


considered as a surface water body, as a component of subsoil (including 
groundwater body), as a soil or forest object, etc.. Accordingly, there is a set 
of problems of the use and protection of the wetlands that conditionally 
can be divided into the following groups in accordance with [Protection of 
the environment, 2002]:  
1) information support of the planning process (environmental monitoring 
under the conditions of high natural geochemical background; natural 
resources inventory under the conditions of constantly changing size and 
properties of the wetlands); 







Problems of wetlands management 
 2) planning (the schemes and government programs for the use, restoration 
and protection of the environment under the conditions when the bogging 
worsens almost all indicators of water use and the ecological status of rivers, 
lakes and groundwater; regulation of an influence on water bodies under the 
conditions of exceeding of the maximum permissible concentrations in the 
wetland waters; prohibition of effluent discharge into the wetlands);  
3) prevention of environmental problems (integration of new production 
technologies; management of investment cycle under the conditions when 
the more linear facilities crossing the wetlands and rivers, the higher 
accident risk; promotion of ecological awareness; creation of nature 
conservation areas, etc.);  
4) elimination or mitigation of the consequences of environmental issues 
(melioration and recultivation of the wetlands without adjustment; waste 
water treatment; storage and processing of drilling waste, etc.). 







Problems of wetlands management 
Within the analysis of the first and second groups of the water use 


problems within the wetlands it is necessary to note that not only 
contradictions in the definition of “wetland” (bog, swamp, mire, fen), but 
also absence of the conventional classification of wetlands in Russian 
science. Accordingly, the organization of monitoring and conducting the 
inventory of the wetlands are connected with uncertainty of what should 
be studied. For the wetlands with the area in tens and hundreds square 
kilometers (fig. 3) this uncertainty grows enormously. 







Fig. 3. Hollow-
ridge-lake 
complex within 
the area of lower 
course of the 
Vasyugan River 
(tributary of the 
Ob River)  







Problems of wetlands management 
Thus, the analysis of the hydrochemical data within the taiga zone of 


Western Siberia allowed:  
1) to identify the wetland waters of oligotrophic and mesotrophic peat 


deposits as fresh with very small TDS values, HCO3
- - Ca2+, acidic 


according to рН values; the waters of eutrophic peat deposits - as fresh 
with the average and slightly high TDS values, HCO3


- - Ca2+, slightly acidic 
according to pH values (tab. 1);  


2) to establish dependence of the TDS growth in the wetland waters and 
the geomorphological conditions (in a direction from the watersheds to 
valleys of the average and large rivers), genesis of the peats and peat 
deposit (from the oligotrophic deposits of all subtypes to the eutrophic 
forest-fen deposits), water exchange rate (in process of its reduction); 







Table 1.  Chemical composition of the wetland waters of the different peat types 
deposit 
 


 Parameter 
Russian norm of 


water quality 


Types of peat deposits 


oligotrophic mesotrophic eutrophic 


A (average) N (volume) A N A N 


рН, unit pH – 4.13 38 4.97 50 6.07 47 


TDS, mg/dm3 1000 32.0 38 74.0 56 241.9 48 


NH4
+, mg/dm3 2 (1.5 N) 4.020 38 3.294 53 4.406 47 


Fetotal , mg/dm3 0.3 1.701 33 2.828 34 5.783 45 


Phenols, mg/dm3 0.001 0.006 13 0.010 16 0.005 11 


DOC, mgO/dm3 15 218.7 27 301.2 34 291.4 28 


Al, μg/dm3 200 236.2 11 311.0 21 105.9 9 


Mn, μg/dm3 100 17.5 2 404.2 5 616.8 14 







Problems of wetlands management 
3) to draw a conclusion on necessity of the separate determination of the 
substance background concentrations for the waters of the wetland borders 
and for the waters of the basic part of the wetland during ecological 
monitoring, engineering research and the estimation of anthropogenic 
influence on the environment (fig. 4). 


In case of disregard of distinctions between different wetlands and 
intrawetland subsystems the probability of a prejudiced estimation of a 
wetland condition and influence of economic activities on a wetland grows 
sharply [Savichev, 2015]. It is possible, for example, when at the stage of 
engineering research the chemical composition of wetland waters and 
peats of the basic part of oligotrophic wetlands is studied, or at the stage of 
operation during ecological monitoring the waters and peats of the wetland 
borders with properties of eutrophic and mesotrophic ecosystems are 
studied. 
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Fig. 4. Changes of TDS in 
water of the Vasyugan 
swamp: I – the 
watershed area of the 
Kluch and Gavrilovka 
Rivers 24.04.2003; II – 
the watershed area of 
the Kluch and 
Gavrilovka Rivers 
17.09.2003; III – the 
area near the 
Porotnikovo settlement 
13.09.2013; IV – the 
watershed area of the 
Kluch Rivers 06.12.2013 







Problems of wetlands management 
One more difficult aspect of information support of the water use 


within the wetlands involve necessity of definition of the target parameters, 
in particular, the parameters of quality of the wetland waters which should 
be achieved as a result of nature protection activity. Thus, the wetland 
waters contain a significant amount of organic substances and products of 
their transformation, including hydrocarbons, inherently. For this reason the 
analysis of the results of ecological monitoring not always allows to make 
an objective estimation of influence to wetlands or efficiency of nature 
protection actions neither using DOC values and contents of Fe, Cu, NH4


+, 
NO2


-, nor using the contents of petroleum hydrocarbons and phenols.  







Problems of wetlands management 
  If we use a principle of additivity as the inequation  Σ(C/norm)≤1 [GN 
2.1.5.1315-03] the condition of the wetland waters will be characterized 
as unsatisfactory always and everywhere .  


Then there are following questions:  
1) How to plan protection of the wetlands if it is impossible to achieve the 
quality standards essentially while the wetland exists as such?  
2) Whether it is necessary to protect the wetlands in cases when they 
occupy more than 30 % of territory and continue to grow in sizes, which is 
accompanied by a deterioration of living conditions, ecosystem changes 
(the changes of forest ecosystems to wetland ecosystems) and a 
deterioration of the river, lake and ground waters connected with the 
wetlands?  
3) How to normalize influence on the wetlands? 







Problems of wetlands management 
There is much tension about the last question taking into account that 


the significant part of oil and gas is developed in the wetland territories of 
West Siberia. However, according to [the Water code of , 2006] pollution 
and contamination of wetlands by the waste products of manufacture and 
consumption, pollution of the wetlands by petroleum hydrocarbons and 
other harmful substances are forbidden», and «drainage of wetlands or 
other use of wetlands or their parts must not result in deterioration of the 
unused parts of these wetlands or other water objects and to water 
depletion». Wetland ecosystems are characterized by peculiar conditions 
which determine initial change of forest or meadow vegetation to wetland 
vegetation, and destruction of an initial hydrographic network which occurs 
at the present time (fig. 5, 6). 







Fig. 5. The boggy valley of 
tributary of the Parabel River 
with absence of channel flow 
(depicted by the dashed line)  
in the most part of year 
[Savichev, 2010] 







Fig. 6. Profile of the valley 
of the secondary 
intrawetland river in upper 
reaches of the Trom-Jugan 
River :  
I) the altitude of  the river 
basin surface; II) the level 
of wetland waters  or river 
waters (in a channel);      
III) the altitude of the 
mineral basis of the 
wetland [Savichev, 
Paromov, 2014] 104
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Problems of wetlands management 
In some cases (not always and everywhere, but in the taiga zone of 


Western Siberia), sewage discharge results in improvement of a mineral 
feed of wetland vegetation due to inflow of nitrates and phosphates (fig. 7, 
8), that promotes preservation of the eutrophic conditions (at gradual 
transformation of the eutrophic lakes to the eutrophic wetlands, then to 
the meso- and oligotrophic wetlands at constant overmoistening and the 
weak drainage conditions of basins) or the change of wetland vegetation to 
forest vegetation within the separate sites of the wetland [Savichev, etc., 
2016]. Whether it is bad for Tomsk region where 37 % of territory (1161153 
km2!) are occupied with the wetlands, and the bulk of these wetlands was 
formed in the last 5-8 thousand years? 







Fig. 7. Measured (I) and 
predicted (II) TDS values in 
water of Vasyugan swamp as on 
06.12.2013 under the condition 
of continuous inflow of waste 
waters to the wetland with 
TDS=712.3 mg/dm3 and flow 
rate 0.011 m3/sec.  
Inner swamp ecosystems: 1 – 
mesotrophic swamp; 2 – ryam-
oligotrophic pine-shrub-
sphagnum bog; 3 – hyper 
humid sphagnum mire; 4 – 
oligotrophic hollow-ridge 
complex. 
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Fig. 8. Measured (I) 
and calculated (II) 
TDS values in water 
of Strezhevoy bog 
as on 09.07.2001  







Problems of wetlands management 
The same question arises in recultivation of disturbed lands. In 


particular, the requirement about recultivation of disturbed wetlands using 
waterloging is specified in the Water code of the Russian Federation [the 
Water code of Russia, p. 52]. According to [GOST 17.5.1.01-83], 
recultivation is «a set of operations for restoration of land productivity and 
its economic value and for improvement of environmental conditions in 
accordance with interests of society». Recultivation includes technical and 
biological stages including actions for restoration of fertility of disturbed 
lands, for example, application of fertilizers and crop of meadow grasses 
within a wetland! 







Problems of wetlands management 
It is necessary to add following to the above mentioned facts. The first, 


the wetlands are dynamical ecosystems with the gradual and continuous 
change of the specific structure of vegetation and the conditions of an 
interaction with the environment. In view of this, it is not absolutely clear, 
what exactly needs to be restored in recultivation of the land of abandoned 
oil-gas fields? When we restore the wetland which was 25 years ago, the 
wetlands, which have not been broken by human activities, have already 
changed. Therefore the result of recultivation will not satisfy to the 
restoration of subject of a preexisting. Especially, it is impossible to 
recognize the result is satisfying because the wetland arose after 
recultivation of the disturbed oligotrophic wetlands will be closer to the 
eutrophic wetlands, but not to the oligotrophic wetlands [Savichev, 2010]. 







Problems of wetlands management 
The second, the construction within the wetlands usually deteriorate 


the drainage conditions of the watersheds which are already negligible. The 
reason can be not only a poor quality of engineering research, construction 
or operational works (for example, the absence of culverts on motorways or 
their clogging), but also the change of the basin area in the cross-section of 
a culvert, the slopes of the wetland surface (the deformations of the 
wetland even in the natural conditions may be equivalent to tens 
centimeters depending on the dryness of the year [Savichev, Shmakov, 
2012]), etc.. Hence, the construction within the wetlands of Western Siberia 
results in increase of marshiness instead of decrease. However, it does not 
remove the requirement of recultivation of the disturbed lands. 







Problems of wetlands management 
The third, the relationship between quantity of equipment failures and 


the length of streams and the distribution of the eutrophic wetlands is 
established (tab. 2) for the oil-and-gas production enterprise in Tomsk 
region. Taking into account the above mentioned fact, the maintenance of 
the optimum conditions for development of the wetland process is the 
significant factor of breakdown susceptibility in the oil-and-gas sector. 
However, it contradicts with the objectives of the environmental protection  
legislation and water legislation in Russia. 







Table 2. Statistically significant factors of correlation between quantity of 
equipment failures in the oil-and-gas sector of Tomsk region (for 2006-2012) 
and morphological and hydrographic characteristics with errors of their 
calculation [Savichev, Ivanova, Paromov, 2014] 


Parameter 
Factor of 


correlation r 


Error of calculation of 


correlation factor δr 


The length of streams within deposit  


Pwc (km) 
0,83 0,09 


The area of eutrophic wetlands Feb (km2) 0,48 0,23 


The area of eutrophic wetlands Feb (%) 0,64 0,18 







Conclusions 
First of all, a solution of the above mentioned problems requires an 


integrated multidisciplinary approach and closer collaboration and efforts 
of various specialists.  


Secondly, as authors suppose, it is advisable not to include the wetlands 
in a group of natural or natural-anthropogenic objects, but to consider the 
wetland as an independent object – a natural formation, which occupies a 
part of the earth’s surface and subsoil and characterized by a specific 
hydrological regime and vegetation. Accordingly, all issues of the use and 
protection of the wetlands should be regulated by a special law, and also by 
water-, land-, forest- and environment-protective regulations, by subsoil 
legislation to the extent permitted in a special law.  


Thirdly, it is reasonable to consider the wetlands, first of all, for purpose 
of the use and creation of favorable conditions for human life taking into 
account the actual level of marshiness of the territory. 







THANK YOU FOR YOUR ATTENTION 







TOPIC : Modeling the effects of external nutrient reductions on algal blooms in 


hyper-eutrophic Lake Taihu, China 


Peifang Wang, Yiping Li  
College of Environment, Hohai University, Nanjing, China 


Corresponding author: Yiping Li, Professor, liyiping@hhu.edu.cn, 1 Xikang Rd, Nanjing, 210098, Phone (86) 


13951787286 


Goal: Harmful algal blooms in Lake Taihu, China, are getting plagued due to excess 


nutrients loads. Despite several recent strict nutrient management strategies, especially to 


reduce the external nutrient loads, Lake Taihu still receives large amounts of nutrients from 


its tributaries. As a result, frequency and intensity of algal blooms have not abated as 


expected. This study is aimed at: (1) quantifying and analyzing the spatiotemporal 


distribution of external nutrient inputs via tributaries to the lake; (2) identifying the limiting 


factors in the heavily polluted lake regions using a calibrated mathematical model for the 


lake; and (3) predicting various scenarios of nutrient loads reduction 


Methods: The three-dimensional Lake Taihu eutrophication model based on the 


Environmental Fluid Dynamics Code (EFDC) was used to identify the limiting factors for 


algal growth and the effect of external nutrient loads reduction on water quality. The EFDC 


model was initially developed by the United States Environmental Protection Agency 


(Hamrick, 1992). It has been successfully applied to simulate hydro-dynamics, sediment 


transport, toxic contaminant transport and water quality-eutrophication components in coastal 


regions, estuaries, lakes, reservoirs, rivers, and wetlands. 


Outcomes and Conclusions: The modeling results showed that the limiting factor for the 


dominant algae (cyanobacteria) depended on seasonality and location. Water temperature 


affected algal growth in winter, while light was important for deeper water columns in all 


seasons. Phosphorus (P) and Nitrogen (N) impacted algal growth from spring to autumn. 


Results showed that Chlorophyll a (Chl-a) concentrations only decreased about 38%, 26% 


and 24% in Meiliang Bay, Zhushan Bay and Northwest Zone, respectively when 


implementing high nutrient reduction scenario (external N and P inputs reduced up to 80% 


and 50%). External nutrient reduction for both N and P is a prudent and likely most practical 


solution for reducing bloom potentials and overall trophic state of this currently hyper-


eutrophic system. However, achieving observable algal control is not likely in the short term 


and other ecological restoration tools will be required to battle with the legacy of several 


decades of nutrient over-enrichment. 
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Water quality in Lake Taihu 


Class Ⅲ (According to Environmental quality standards for surface water , Class 
Ⅲ is used for drinking water source) 
COD Mn : 6 mg/L;  Ammonia: 1 mg/L; TP: 0.05 mg/L; TN: 1 mg/L 







Most of the inflow rivers connect with heavy polluted lake regions. 


Main 15 inflow river water quality concentration 


Class Ⅴ 


Class Ⅲ 


Class Ⅴ Class Ⅴ 







Objectives 


Develop an integrated 3-D hydrodynamics-water quality-
sediment flux model (running simultaneously) to simulate 
spatiotemporal distribution of water quality variables (e.g., 
water temperature, DO, nutrients and Chl-a concentration) in 
Lake Taihu. 


Assess water quality response to the external nutrient 
reduction, especially in the heavy polluted lake regions, based 
on the model. 







Water quality model 


(Zouiten  et al., 2013) 


Environmental Fluid Dynamic Code 







Modeling framework 3-D hydrodynamics-water quality-sediment flux model 
based on EFDC  







Study Area 


S1 


S2 S3 


S4 


S5 


S6 


S7 


N
orthw


est Zone 


S25 


S24 







Model Grid 
• Horizontal grids ：4464 active cells (750m x 750m） 
• Vertical direction：3 evenly distributed sigma layers  
 
Initial Condition 
• Bottom topography 
• Water surface elevation 
• Flow field 
• Water temperature 
• 16 water quality variables（30 monitoring sites） 
 
Boundary Condition 
• Wind  
• Atmospheric forcing (atmospheric pressure, surface air temperature, relative 
humidity, precipitation, evaporation, solar radiation, and fractional cloud cover) 
• 30 tributary inflow/outflow, water temperature and water quality variables  
• Sediment flux（PO4


3-, NH4
+, NO2


--NO2
- and SOD） 


 


Model Setup 







Model Calibration (hydrodynamic process) 
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S2 in Meiliang Bay Model Calibration (water quality process) 







Model Calibration (water quality process) 







Nutrient reduction scenario Based on 2010 data 


Reduce the water quality concentration in the  
inflow rivers connected with heavily polluted lake 
region (numbered as 1-10, 30) . 


Scenario 1 (Low reduction scenario): 
Target (Class V): N only reduction 
TN 2 mg/L; TP 0.4 mg/L 
Reduction percent:  
TN 1.3-68.79%  
TP 0% 


Scenario 2 (High reduction scenario): 
Target (Class Ⅲ): N and P reduction 
TN 1 mg/L; TP 0.2 mg/L 
Reduction percent:  
TN 50.65-84.4%  
TP 0-48.2% 







Scenario Analysis 
Meiliang Bay (S2) Zhushan Bay (S7) Northwest Zone (S25) 


TN 


TP 


Chl-a 


P limitation P limitation P & N limitation 


24% 
38% 


26% 
39% 


22% 
37% 


17% 14% 13% 


23% 
38% 


12% 
26% 


13% 
24% 







• The coupled lake model generally reproduced the spatiotemporal patterns 
of water quality variables in Lake Taihu.  


• External nutrient reduction help decrease nutrient concentration in Lake, 
however,  achieving observable algal control would be very difficult and 
require drastic nutrient reduction. 


 Only N reduction (Scenario 1) :  


Zhushan Bay and Northwest Zone – Almost No change in Chl-a conc.  


Meiling Bay - Chl-a conc. decrease about 23% , especially in summer and 
autumn 


 Both N and P reduction (Scenario 2):  


Chl-a concentration decrease about 38%,  26% and  24% in Meiliang Bay, 
Zhushan Bay and Northwest Zone, respectively. 


• Obviously: Internal nutrient release plays a major role and should be paid 
attention in Lake. 


Conclusion 







Questions? 


Thank you 







Major calibrated water quality parameters  
Parameter Definition (unit)   Value used in this study 
PMc Maximum growth rate for cyanobacteria (1/day) 2.0 
BMc Basal metabolism rate for cyanobacteria (1/day) 0.04 
PRRc Predation rate on cyanobacteria (1/day) 0.01 
KHNc Nitrogen half-saturation for cyanobacteria (mg/L) 0.01 
KHPc Phosphrus half-saturation for cyanobacteria (mg/L) 0.001 
CChlc Carbon-to-chlorophyll ratio for cyanobacteria (mg C/ug Chl) 0.065 
WSc Settling velocity for cyanobacteria (m/day) 0.1 
Keb Background light extinction coefficient (1/m) 0.1 
KeTSS Light extinction due to TSS (1/m per mg/L) 0.05 
KeChl Light extinction due to Chlorophyll (1/m per mg/L) 0.03 
DOPTc Optimal depth for growth, cyanobacteria (m) 1 
TMlowc, TMuppc Lower and upper temperature for cyanobacteria growth (oC) 25, 35 


KTG1c, KTG2c Suboptimal and superoptimal temperature effect coefficients for cyanobacteria growth 0.005, 0.004 


TRc Reference temperature for cyanobacteria metabolism (oC) 20 
KTBc Temperature effect coefficients for cyanobacteria metabolism 0.069 
KRC Minimum dissolution rate of refractory POC (1/day) 0.005 
KLC Minimum dissolution rate of labile POC (1/day) 0.075 
KDC Minimum dissolution rate of DOC (1/day) 0.01 
AANOX Ratio of denitrification rate to oxic DOC respiration rate 0.5 
KHDNN Half saturation constant for denitrification (g N/m3) 0.1 
KRP Minimum hydrolysis rate of RPOP (1/day) 0.005 
KLP Minimum hydrolysis rate of LPOP (1/day) 0.075 
KDP Minimum hydrolysis rate of DOP (1/day) 0.1 
KRN Minimum hydrolysis rate of RPON (1/day) 0.005 
KLN Minimum hydrolysis rate of LPON (1/day) 0.075 
KDN Minimum hydrolysis rate of DON (1/day) 0.02 
Nitm Maximum nitrification rate (g N/m3/day) 0.07 
KHNitDO Nitrification half-saturation constant for DO 0.5 
KHNitN Nitrification half-saturation constant for NH4 0.5 
TNit Reference temperature for nitrification (oC) 27 
KRO Reaeration rate constant 3.0 
KCD COD decay rate (per day) 0.3 
KHCOD Oxygen half-saturation constant for COD decay (mg/L O2) 1 
FPO4 Benthic flux rate phosphate (mgP/m2/day) 1~10 
FNH4 Benthic flux rate ammonia nitrogen (mgN/m2/day) 10~180 
FNO2-NO3 Benthic flux rate nitrate and nitrite nitrogen (mgN/m2/day) 2~10 


SOD Sediment oxygen demand rate (mgO/m2/day) (SOD<0 represents a sink of dissolved oxygen from the 
water column) -57~-1030 
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Model Calibration (water quality process) 


Lake 
Region 
(Station 


ID) 


No. of 
sample
s 


Water temperature 
(oC) DO (mg/L) TN (mg/L) NH4


+ (mg/L) TP (mg/L) Chl-a (ug/L) 


Obs. 
Mean 


Sim. 
Mean 


RE 
(%) 


Obs. 
Mean 


Sim. 
Mean 


RE 
(%) 


Obs. 
Mean 


Sim. 
Mean RE Obs. 


Mean 
Sim. 
Mean RE Obs. 


Mean 
Sim. 
Mean RE Obs. 


Mean 
Sim. 
Mean RE 


Meiliang 
Bay 


(S1-S5) 
60 16.95 16.48 14.70 9.24 9.56 11.67 3.59 3.63 31.50 1.12 0.69 47.2 0.11 0.090 24.07 41.9 35.79 32.1
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Zhushan 
Bay 


(S6-S7) 
24 16.74 17.29 8.61 8.59 9.62 15.14 5.70 4.60 22.94 3.0 0.91 70.47 0.164 0.131 24.16 88.1 53.50 39.7


2 


Gonghu 
Bay 


(S8-S11) 
48 16.58 18.37 11.91 10.19 9.30 11.52 2.49 2.48 55.24 0.43 0.18 53.30 0.075 0.089 33.44 23.8 14.75 52.3 


Dongtaihu 
Bay 


(S12-S14) 
36 17.5 21.45 25.74 7.66 9.42 23.58 1.08 1.49 40.95 0.17 0.04 75.64 0.042 0.041 31.89 10.9 13.18 30.4 


Central 
Zone 


(S15-S19) 
60 17.24 17.18 12.92 10.18 9.49 10.88 2.15 2.04 21.93 0.22 0.36 28.13 0.082 0.077 27.78 29.4 20.39 31.0


4 


East 
Epigeal 


Zone 
(S20-S23) 


48 17.04 18.92 14.24 9.04 9.45 12.41 1.70 1.94 28.69 0.18 0.20 27.72 0.052 0.061 31.37 17.7 19.36 11.7
6 


Northwest 
Zone 


(S24-S25) 
24 17.08 17.64 10.14 8.63 9.15 15.52 4.83 3.70 32.53 1.28 0.84 63.22 0.139 0.084 51.99 43.0 46.78 10.2 


Southwest 
Zone 


(S26-S30) 
60 17.1 17.85 10.21 9.43 9.26 6.42 2.46 2.39 36.14 0.23 0.16 69.57 0.076 0.069 55.69 22.2 21.02 13.3 







Self-purification processes in contaminated sediments of the Neva Estuary  


Yu.M. Polyak 


Scientific Research Center for Ecological Safety of RAS, St. Petersburg, Russian Federation 


 


The Neva Estuary consists of three main parts: the Neva Bay (surface area 400 km2), the 


inner and the outer estuary (total surface area 3200 km2). The Neva River is the largest river and 


a source of pollution in the area. In addition, the coastal zone of the Neva Estuary has been 


intensively used for recreation (especially in the Resort District of St. Petersburg), sport and 


commercial fishery, and different industries, including a nuclear power plant and shipping. Large 


oil and coal port terminals have been constructed in the outer estuary over last decades. The 


considerable increase in ship traffic adds to the pollution of this area. Eutrophication is a very 


serious problem of the Neva Estuary, and the high level of eutrophication results in intensive 


development of green opportunistic algae (mostly Cladophora glomerata and Ulva sp.), 


deterioration of the coastal zone, and mass mortality of  benthic animals (Gubelit et al., 2016).  


Water quality depends on the microbial activity, especially in basins and coastal zones 


being under anthropogenic pressure.  Microorganisms play a primary role in regulating 


biogeochemical processes in aquatic environment.  A variety of key biogeochemical reactions in 


sediments is catalyzed by oxidoreductases (Yang et al., 2013). Dehydrogenase and catalase are 


the two common oxidoreductase enzymes indicating the oxidative microbial activity and 


antioxidant potential under pollutant stress, respectively.  


Sediment bacteria detoxify many organic and inorganic pollutants and drive the 


geochemical cycling of elements. In sedimentary environment, hydrocarbons can reach high 


concentrations and are potentially important substrates for microbial communities. Sediment 


microorganisms adapt to the presence of hydrocarbons and heavy metals by developing 


resistance mechanisms (Mergeay, 1995; Nies, 1999). Microbial degradation of toxic substances 


in contaminated sediments can significantly impact the pollutant concentration. Observations on 


occurrence and activity of native microorganisms capable of toxicant tolerance and degradation 


are important not only to understand the extent of the pollution but also to realize the potential 


for self-purification of contaminated water and sediments by natural microbial community. 


The aim of this study was to evaluate the self-purification potential of coastal sediments 


in the Neva Estuary as an important condition for their ecological functioning under 


anthropogenic pressure. The assessment was made by physico-chemical parameters (metals, oil, 


sediment particle size, redox conditions) and microbiological parameters (culturable 


heterotrophic bacteria, hydrocarbon-oxidizing and metal-tolerant bacteria, sediment 


dehydrogenase and catalase) and covered the five year period 2012-2016.  
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Fresh sediments were used for measuring the abundances of heterotrophic bacteria and 


enzymatic activities. The abundances of culturable heterotrophic bacteria (CHB) were estimated 


on nutrient agar (1:10). Plates were incubated at 22°C for 7 day (Kuznetsov and Dubinina, 


1989).  The relative abundances of hydrocarbon-oxidizing bacteria and metal-tolerant bacteria 


were calculated as the percentage of hydrocarbon-oxidizing and metal-tolerant bacteria, 


respectively, from the CHB. To count metal-tolerant bacteria we have inoculated culturing plates 


with dilution aliquots, supplemented with 1 mM of metals (copper, nickel and zinc). The content 


of hydrocarbon-oxidizing bacteria was estimated on Voroshilova-Dianova medium with crude 


oil (1.0% v/v) as the sole source of carbon.  


Sediment dehydrogenase and catalase activities were determined according to the 


methods described by Haziev (2005). Dehydrogenase activity was analyzed via the reduction of 


the compound 2,3,5-triphenyltetrazolium chloride (TTC) to a  red-colored  2,3,5-triphenyl  


formazan (TPF).  Sediment catalase activity was determined according to Johnson and Temple 


(1964) by back-titrating residual H2O2 with KMnO4.  


The extraction of hydrocarbons was carried out with hexane by the method of PND F 


16.1:2.21-98 (2012).  Hydrocarbon concentrations were determined by UV fluorescence 


spectroscopy by using a FLUORAT-02-3M spectrofluorometer  (Nordinkraft-Sensor, Russia). 


The content of metals in sediment samples was determined by atomic emission spectrometry 


with excitation in inductively coupled plasma (ICP-OES) on the spectrometer Optima 2000 DV 


(PERKIN–Elmer, USA). 


One-way analysis of variance (ANOVA) was performed and followed by Tukey’s post 


hoc test to determine differences between sites. Differences were considered significant at p < 


0.05.  Spearman rank order correlations were used to compare all pairs of variables. To study the 


relationship between all the variables the principal component analysis method (PCA) was used. 


All statistical analyses were performed using Statistica software (version 10; Statsoft). 


One-way ANOVA showed significant spatial differences for the abundance of culturable 


heterotrophic bacteria (p<0.01) among the sampling sites. The amount of heterotrophic bacteria 


was observed ranging from 105 to 107 CFU g-1 dry weight of the sediment and reaching the 


maximum value in the inner estuary.  


Heterotrophic bacteria play a crucial role in regulating biogeochemical cycles as they are 


responsible in synthesis of enzymes, which can degrade and modify polymers and organic 


particles in aquatic environments. One-way ANOVA showed significant spatial differences for 


dehydrogenase and catalase enzymatic activity (p<0.01) among the thirteen sampling sites. The 


highest dehydrogenase activity was found in Petrodvorets (Neva Bay) and the lowest in Cape 


Flotsky (outer estuary). The lowest level of catalase activity was found in sediments from Cape 
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Flotsky and Luga Bay (outer estuary).  The ability of all aerobic and most of the facultative 


anaerobic microorganisms to exhibit catalase activity is closely connected with an important role 


of catalase in protection of cell proteins and membranes.  In studied sediments the lowest 


catalase activity coincided with the lowest level of culturable heterotrophic bacteria.    


Sediment enzymes were positively correlated with each other and the abundance of 


culturable heterotrophic bacteria indicating that dehydrogenase and catalase activity was directly 


related to heterotrophic part of sediment microbial community. Sediment enzymatic activity was 


not inhibited in Primorsk in spite of high level of metal and oil contamination. These results 


suggest that sediment microorganisms present in Primorsk were tolerant of metals; or/and 


possibly hydrocarbon pollution stimulated the growth and activity of sediment microbiota.  The 


results are comparable with those obtained in contaminated subsurface riverine sediments where 


the presence of metals did not inhibit microbial activity (Mosher et al. 2006). 


The majority of the sediment samples demonstrated high relative abundance of metal-


tolerant microorganisms. The highest percentage of metal-tolerant bacteria was found in samples 


collected from Primorsk (7.5%), while the lowest percentage of bacterial tolerance (0.8%) was 


observed in sediments from Cape Flotsky. Significant positive correlations were observed 


between percentage of metal-tolerant bacteria and sum of the total metal concentrations (Cu, Zn, 


Pb, Cd, Fe) in sediments (r=0.703, p<0.01). 


Correlational analysis revealed a significant positive correlation (r=0.711, p<0.01) between 


relative abundance of hydrocarbon-oxidizing bacteria and total hydrocarbon concentration 


(THC). Total hydrocarbon concentration in coastal sediments ranged from 1 to 110 mg kg-1 dw, 


and was the highest in Big Igora.  The relative abundance of hydrocarbon-oxidizing bacteria in 


polluted sediments was as high as 8.4-16.7% of the total number of heterotrophs, while in non-


polluted sediments the percentage of hydrocarbon-oxidizing bacteria was less than 2.5%. With 


exception of Primorsk, the relative abundance of hydrocarbon-oxidizing and metal-tolerant 


bacteria was lower in sediments collected from the outer estuary compared with those of the 


Neva Bay and the inner estuary.  


Our results indicate that the sediment enzymatic activity correlated with natural factors as 


well as with anthropogenic. Factor analysis determined that 76.9% of the total variance was 


explained by four factors, that is, pollution, sediment particle size, redox conditions, and salinity. 


Taking into account the role of sediments in self-purification of contaminated water, 


determination of sediment microbial activity gives the opportunity to assess the ecological status 


and forecast possible changes in the aquatic ecosystem. Further exploring the sediment microbial 


activity is important for understanding the Gulf of Finland sediment quality and dynamics. 
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Microorganisms play a primary role in regulating of 
biogeochemical processes in aquatic environment.  
Water quality depends on the microbial activity, 
especially in basins and coastal zones exposed to 
anthropogenic pollution.  
 
 
The aim of this study was to evaluate the self-
purification potential of coastal sediments in the Neva 
Estuary as an important condition for their ecological 
functioning under anthropogenic pressure. The 
assessment covered the period 2012-2016.  







Physical and chemical characteristics of the coastal 
sediments in the Neva Estuary 


Station Location Position TOC, % pH Eh, mV T°C 
Salinity,  
(g L-1) 


Sediment particle size (%) 


Sand Clay Silt 


S1 Primorsk 
60’21’54N 
28’36’42E 0.78 6.88 160 22 2.72 95.8 2.8 1.4 


S2 Cape Flotsky 
60’09’44N 
29’09’07E 


0,74 6.74 344 23 1.16 98.9 1.1 absent 


S3 Ushkovo 
60’11’41N 
29’37’17E 0.08 7.42 -76 24 0.64 97.4 1.2 1.4 


S4 Repino 
60’09’44N 
29’51’16E 0.07 6.90 -53 23 0.45 90.7 4.5 4.8 


S5 Dubki 60’05’24N 
29’55’11E 0.40 6.95 -68 23 0.27 97.0 1.3 1.7 


S6 Olgino 
59’59’32 N 
30’05’46 E 0.10 6.95 170 27 0.10 97.7 1.8 0.5 


S7 Petrodvorets 
59’53’21N 
29’54’12E 0.32 6.90 -87 24 0.16 94.7 2.6 2.7 


S8 Martyshkino 
59’54’09N 
29’50’21E 0.79 6.77 266 24 0.31 95.6 2.9 1.5 


S9 Lomonosov 
59’89’29N 
29’34’14E 0.24 6.80 40 23 0.39 97.6 1.0 1.4 


S10 Big Ijora 
59’56’04N 
29’54’18E 0.15 5.86 104 24 1.32 90.1 5.4 4.5 


S11 
Grafskaya 


Bay 
59’58’85N 
29’12’51E 0.20 7.08 248 23 2.81 97.2 1.3 1.5 


S12 
 Koporskaya 


Bay 
59’48’25N 
28’53’48E 0.17 7.6 -83 23 2.87 91.7 5.8 2.5 


S13  Luga Bay 
59’46’54N 
28’26’41E 0.12 6.86 69 22 3.19 93.9 3.8 2.3 







Total hydrocarbon concentration (THC) in coastal sediments 
 1÷20 mg/kg;   >30 mg/kg;   >100 mg/kg  







Heavy metal distribution in coastal sediments  
 < 5;   5÷20;   > 20 mg kg-1 dw 







Distribution of labile forms of heavy metals in sediments 
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Distribution of total heavy metals in sediments 
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1- Primorsk, 2 – Cape Flotsky, 3 – Ushkovo, 4 – Repino, 5 – Dubki, 6 – Olgino,  
7 – Petrodvorets, 8 – Martyshkino, 9 – Lomonosov, 10 – Big Ijora,  


11 – Grafskaya bay, 12 – Sisto-Palkino, 13 – Luga Bay 
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Sediment enzymes - highly specific biological catalysts (proteins or RNA) 
that are produced by microorganisms living in the sediment. Increase 
reaction rates 100-1000 times.  


Sediment enzymatic activities  


Oxidation-reduction reactions in sediments are catalyzed by 
oxidoreductases.  
 
Dehydrogenase and catalase are the two common oxidoreductase enzymes 
indicating the oxidative microbial activity and antioxidant potential under 
pollutant stress. 







Catalase activity in the Neva Estuary coastal sediments 
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Dehydrogenase activity in the Neva Estuary coastal sediments  
Neva Bay
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 Significant Spearman Rank correlations detected between biotic and 
abiotic variables in sediments  


  DA CA CHB MeTB HOB Сu Fe THC Eh sand clay silt 


CA 0.82* 


CHB 0.59* 0.55* 


MeTB (%) 0.75** 


HOB (%) 0,50* 0,56* 


Pb  -0.56* 0.76** 


Cu -0.72** -0.56* 0.70** 


Fe 0.61* 


THC -0.58* 0.71** 


Eh 0.71** 


pH 


sand -0.70**  -0,57* -0.62* -0.59* 


clay 0.59*  -0.89** 


silt 0.81** 0.63* 0.65* -0.75** 0.62* -0.87** 0.66* 


TOC 0.59* 0.56* 0.64* 


** p ≤ 0.01,  * p ≤ 0.05 







Principal component analysis plot of biological parameters 
and physicochemical properties in sediments 







• The results indicate that sediment enzyme activity correlated with
anthropogenic factors (heavy metals, total hydrocarbons) as well as with
natural factors (particle size composition, Eh, etc.).


• Taking into account the role of sediments in self-purification of contaminated
water, determination of sediment microbial activity gives the opportunity to
assess the ecological status and forecast possible changes in the aquatic
ecosystem.


• The study revealed positive correlation of hydrocarbon oxidizing and metal-
tolerant heterotrophic bacteria with contamination of coastal sediments;


• Observations on occurrence and activity of native microorganisms capable
of toxicant tolerance and degradation are of relevance in microbial ecology
not only to understand the extent of the pollution but also to realize the
potential of microbial community to detoxify some of the toxic substances.


Conclusions 











Acetate oxidation enhances difference between isotope signatures in methane and 


carbon dioxide during cellulose methanization by sediments in tropical lakes 
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HIGHLIGHTS 


 


Cellulose methanization in anoxic sediments of three tropical lakes was simulated. 


Gaseous and soluble components of 4CH and 2CO were taken into account. 


Equilibrium between carbon dioxide and bicarbonate ion was taken into account. 


Dynamic equations of C13  in methane and carbon dioxide were developed. 


Acetate oxidation enhances difference between 4
13CH  and 2


13CO .  


 


Methane (CH4) is the second most important greenhouse gas, whose concentration is 


significantly increased as a result of human activity, contributing to global warming. Wetlands 


are the largest natural source of the greenhouse gas methane to the atmosphere. Tropical 


wetlands are estimated to represent about 50% of the natural wetland 4CH  emissions and 


explain a large fraction of the observed methane variability (Ringeval et al., 2014). Lakes within 


the floodplains of tropical rivers have been found to be a significant source of atmospheric 4CH . 


The amount of methane emitted from an ecosystem is the balance between 4CH  production and 


oxidation depending on participation of different microorganisms. In the shallow water-bodies 


the emitted 4CH  is probably not affected by methanotrophic 4CH  oxidation in the water 


column.  


In the process of the formation of methane from the cellulosic material (C6H10O5)n  several 


types of microorganisms, participates in depolymerization (hydrolysis), enzymatic acidogenesis, 


acetogenesis and methanogenesis (Lynd et al., 2002). The major products of enzymatic 


degradation of cellulose are monosaccharides, which are then transformed into volatile fatty 


acids (VFA) such as acetate (CH3COOH), hydrogen (H2) and carbon dioxide (CO2): 


22325106 4H2COCOOH2CHOH3OHC ++→+  (1) 
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To obtain information about the dominating CH4 production pathway, an apparent isotope 


fractionation factor between CO2 and CH4 is used in the form (Whiticar, 1999): 
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Analysis of stable carbon isotope C13  in methane and carbon dioxide turned out to be an 


important tool to study the significance of aceticlastic or hydrogenotrophic methanogenesis. 


Recently (Vavilin, Rytov, online), a new approach to describe isotope dynamics using the direct 


equations for 13C in methane and carbon dioxide has been developed. To perform it the correct 


stoichiometric equations including biomass should be taken into account. 


Considering the simple first-order kinetics of cellulose hydrolysis (depolymerisation) and 


taking into account Eq. (1), the following systems of differential equations are used to describe 


the slow reaction of cellulose hydrolysis accompanied by a fast reaction of monomer 


acidogenesis:  
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where Cel, Ac, 2H , and 2CO  are the concentrations of cellulose, acetate, hydrogen and carbon 


dioxide, respectively; hk  is the first-order kinetic constant of cellulose hydrolysis.  


Similar to Vavilin and Rytov (online), the following chemical reactions including 


biomasses are used for acetoclastic (4) and hydrogenotrophic (5) methanogenesis, and acetate 


oxidation (6): 


( ) ( ) ++ ++−+−+=+ HOH3CH5.21CO5.21NOHCNHOHC 2422754242 YYYYYY  (4) 


( ) ( ) ( ) ++ +−+−+=+−+ HOH22CH51NOHCNHH104CO 24275422 YYYYYY  (5) 


( ) ( ) ( ) ++ +−+−+=+−+ HH104CO52NOHCNHOH82OHC 2227542242 YYYYYY  (6) 


where Y is the biomass yield coefficient. 


The Monod type functions are used to describe the processes (4)-(6). The rates of mass 


exchange TR between dissolved and gaseous forms of methane and carbon dioxide ( 4CH , 2CO ) 


is written. For 2CO  the rate of mass exchange has been corrected taking into account chemical 


equilibrium between carbonic acid and bicarbonate ion. Based on data from Conrad et al. (2010), 


figure 1 demonstrates the system dynamics of cellulose methanization in sediments of Mussura 


Lake. At the slightly alkaline pH (7.2) the produced amount of CH4 exceeds significantly the 


produced amount of CO2 (Fig. 1g) and the ratio between these volumes gradually coming to 


1:1.4 (Fig. 1d). The low value of acetate concentration occurs for Mussura Lake (Fig. 1a) due to 


the comparatively high initial concentrations of acetoclastic methanogens and acetate-oxidizers 


(Fig. 1e). During cellulose methanization the value of apparent isotope fractionation factor 
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slightly increases reaching to about 1.062 (Fig. 1f) and becomes similar to the fractionation 


coefficient for hydrogenotrophic methanogenesis (1.065). In fact, for Mussura Lake 0621ap
C .=α  


confirms a dominance of hydrogenotrophic methanogenesis. 


 
Figure 1. Time profiles of the system variables during sediment methanization in Mussura Lake 


in which acetoclastic and hydrogenotrophic methanogens, and acetate-oxidizers are participated. 


Symbols: experimental data (Conrad et al., 2010); curves: model. 


 


Meanwhile, to evaluate a possible input of acetate oxidation difference between the carbon 


isotope fractionation signatures in methane and carbon dioxide becomes important 


2
13


4
1313 COCHC δδ∆ −=  (7) 


It can be concluded that acetate oxidation causes a higher difference C13∆  between carbon 


isotope signatures in methane and carbon dioxide. 


 


Vavilin, V.A., Rytov S.V. (online). Dynamic changes of apparent fractionation factor to 


describe transition to syntrophic acetate oxidation during cellulose and acetate 


methanization. Isotopes in Environmental and Health Studies 2016. DOI: 


10.1080/10256016.2016.1194836. 
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 • Cellulose methanization in anoxic sediments of three 
tropical lakes was simulated 
• Gaseous and soluble components of CO2 and CH4 were 
taken into account 
• Dynamic equations of  in methane and carbon dioxide 
were developed 
• Without acetate oxidation isotope fractionation in H2/CO2 
methanogenesis should be very high  
• With acetate oxidation fractionation in H2/CO2 
methanogenesis should be significantly less  


HIGHLIGHTS 







  


• Methane (CH4) is the second most important greenhouse 
gas, whose concentration is significantly increased as a 
result of human activity, contributing to global warming.  


• Wetlands are the largest natural source of the greenhouse 
gas methane to the atmosphere. Tropical wetlands are 
estimated to represent about 50% of the natural wetland  
emissions and explain a large fraction of the observed 
methane variability (Ringeval et al., 2014).  


• Lakes within the floodplains of tropical rivers have been 
found to be a significant source of atmospheric methane.  







  


Anaerobic biodegradation of organic material 







  


In the process of the formation of methane from the 
cellulosic material (C6H10O5)n  several types of 
microorganisms, participates in depolymerization 
(hydrolysis), enzymatic acidogenesis, acetogenesis 
and methanogenesis (Lynd et al., 2002). The major 
products of enzymatic degradation of cellulose are 
monosaccharides, which are then transformed into 
volatile fatty acids (VFA) such as acetate 
(CH3COOH), hydrogen (H2) and carbon dioxide 
(CO2) 







  


To obtain information about the dominating CH4 production 
pathway, an apparent isotope fractionation factor between 
CO2 and CH4 is used in the form (Whiticar, 1999): 
 
 
Analysis of stable carbon isotope  in methane and carbon 
dioxide turned out to be an important tool to study the 
significance of aceticlastic or hydrogenotrophic 
methanogenesis.  
Recently (Vavilin, Rytov, 2016), a new approach to describe 
isotope dynamics using the direct equations for 13C in 
methane and carbon dioxide has been developed. To 
perform it the correct stoichiometric equations including 
biomass should be taken into account. 
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Considering the simple first-order kinetics of 
cellulose hydrolysis (depolymerisation) and taking 
into account stoichiometry, the following systems of 
differential equations are used to describe the slow 
reaction of cellulose hydrolysis accompanied by a 
fast reaction of monomer acidogenesis:  
 
 
where Cel, Ac, , and  are the concentrations of 
cellulose, acetate, hydrogen and carbon dioxide, 
respectively;  kh is the first-order kinetic constant of 
cellulose hydrolysis 
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The following chemical reactions including biomasses are 
used for acetoclastic and hydrogenotrophic 
methanogenesis, and acetate oxidation: 


Acetoclastic methanogenesis  
Hydrogenotrophic methanogenesis   


 
 
 
where Y is the biomass yield coefficient; C5H7NO2 is the 
biomass composition 


( ) ( ) ++ ++−+−+=+ HOH3CH5.21CO5.21NOHCNHOHC 2422754242 YYYYYY


( ) ( ) ( ) ++ +−+−+=+−+ HOH22CH51NOHCNHH104CO 24275422 YYYYYY


( ) ( ) ( ) ++ +−+−+=+−+ HH104CO52NOHCNHOH82OHC 2227542242 YYYYYY
Acetate oxidation 







  


In accordance with Henry’s law, the rates of mass exchange TR between dissolved and 
gaseous forms of methane, carbon dioxide and hydrogen is written as: 
 
 
where S is the current concentration of dissolved gas;      is the mass exchange coefficient; 
P is the partial gas pressure;       is the Henry’s constant. The  values at 25oC were 
appointed to 1.4, 0.76 and  for methane, hydrogen and carbon dioxide, respectively. 
Because the sediment organic material was dissolved not in pure water the value of  for 
carbon dioxide was slightly changed during calibration of the model. 
 
For  CO2 the rate of mass exchange should be corrected taking into account chemical 
equilibrium between carbon dioxide and bicarbonate ion: 
  
 
Carbonic acid as the intermediate product was not considered. The acid-base equilibrium 
is taken into account: 


   
 
In the model,          is neglected because the carbonate ion concentration was too low at 
the conditions of batch experiments  
 


( )SPkKTR HL −⋅=


LK
Hk


−+ +↔+ 322 HCOHOHCO


[ ] [ ]
[ ]


37.6


2


3 10
CO


HHCO −
+−


=
⋅


=CK


-2
3CO







  


The Monod type functions are used to describe the processes 
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where          ,          ,       ,        are the rates and the maximum 
specific rates of acetate conversion into the products during acetoclastic 
methanogenesis and acetate oxidation;         ,            is the rate and the 
maximum specific rate of conversion into methane by hydrogenotrophic 
methanogens; K are the corresponding half-saturation coefficients; B 
are the concentrations of acetoclastic and hydrogenotrophic 
methanogens, and acetate-oxidizing bacteria. In the model, CO2 means 
the sum of dissolved        and  
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 JATOBA LAKE: with and without acetate-oxidizers where changes in isotopic values are 
not taken into account 
 
The same first-order kinetics of cellulose hydrolysis/acidogenesis is assumed in the cases with and 
without acetate-oxidizers. The same production of the total CH4 and CO2 by the sediments with and 
without acetate-oxidizers happens because hydrolysis/acidogenesis is the rate-limiting step in cellulose 
methanization. The current acetate concentration is extremely low but it becomes significantly higher if 
acetate-oxidizers are absent (b). In absence of acetate-oxidizers the traditional ratio (2:1) between 
acetoclastic and hydrogenotrophic methanogenesis occurs (d)  


Data: Conrad et al., 2010 







  


                 JATOBA LAKE: no acetate-oxidizers   
 
In the model, the isotope fractionation coefficient for hydrodrogenotrophic methanogenesis should have 
extremely high value (1.11). In fact, carbon isotope fractionation during hydrogenotrophic 
methanogenesis determines dynamics of isotope signature in methane and carbon dioxide. The rate 
coefficients of acetoclastic and hydrogenotrophic methanogenesis have a low effect on dynamics of 
stable carbon isotope signatures if the rate of hydrogenotrophic methanogenesis is much higher than the 
rate of acetoclastic methanogenesis.  


Data: Conrad et al., 2010 







                 JATOBA LAKE: with acetate-oxidizers   
 
The rates of both processes determine a ratio between acetoclastic and hydrogenotrophic 
methanogenesis. These rates as well as dynamics of stable isotope signatures in CO2 and CH4 depend 
on the corresponding biomass concentrations and their kinetic coefficients. 
Higher initial biomass concentration of acetate-oxidizers compare to Methanosaeta was assumed. With 
acetate oxidation a difference between  in methane and carbon dioxide increases. In that case carbon 
isotope fractionation coefficient during hydrogenotrophic methanogenesis has reasonable value (1.07).  


Data: Conrad et al., 2010  







JATOBA LAKE: lower initial biomass concentration of acetate-oxidizers 
compared to Methanosaeta 
 
In the model, the isotope fractionation coefficient for hydrodrogenotrophic methanogenesis 
should be increased. The low values of stable carbon isotope fractionation coefficient of 
acetoclastic methanogenesis (Methanosaeta) and acetate-oxidation were assumed   


Data: Conrad et al., 2010  







JATOBA LAKE: CH3F was added to inhibit methanogenesis from acetate 
 
The model shows that addition of CH3F results in a strong inhibition of acetoclastic 
methanogenesis compared to acetate oxidation and hydrogenotrophic 
methanogenesis, and very light inhibition of hydrolysis/acidogenesis  


Data: Conrad et al., 2010 







  


MUSSURA LAKE: acetate-oxidizers and acetoclastic methanogens (Methanosaeta) 
were assumed with low values of stable carbon isotope fractionation 
 
The rates of both processes (acetate oxidation and acetoclastic methanogenesis) determine a ratio 
between acetoclastic and hydrogenotrophic methanogenesis. These rates depend on the corresponding 
biomass concentration and their kinetic coefficients. Higher initial biomass concentration of acetate-
oxidizers compare to Methanosaeta was assumed. Carbon isotope fractionation coefficient during 
hydrogenotrophic methanogenesis has reasonable value (1.07) 


Data: Conrad et al., 2010 







MUSSURA LAKE: no acetate-oxidizers 
 
In the model, the isotope fractionation coefficient for hydrodrogenotrophic methanogenesis 
should have extremely high value (1.12). In fact, carbon isotope fractionation during 
hydrogenotrophic methanogenesis determines dynamics of isotope signature in methane and 
carbon dioxide  


Data: Conrad et al., 2010 







BATATA LAKE: much lower initial biomass concentrations of acetate-oxidizers and 
Methanosaeta were assumed in the model with the low values of stable carbon isotope 
fractionation coefficient of both processes 
 
Significant biomass growth occurred during cellulose methanization. Because of it acetate 
concentration increases initially due to hydrolysis and then decreases.  


Data: Conrad et al., 2010 







  


  


 


Dynamic model including isotope variables has 
been the successive  tool to evaluate a relative 
importance of many processes such as syntrophic 
acetate oxidation during sediment methanization 


CONCLUSION 







  


  


 


Thank you for attention 







Current state of Karelia’s water bodies affected by natural, climatic and anthropogenic factors 


P.А. Lozovik, I.Yu. Kravchenko, N.Е. Galakhina, А.V. Sabylina 


Northen Water Problems Institute, KarRC, RAS 


Natural, climatic and anthropogenic factors have a great impact on the state of Karelia’s 


water bodies. The goal of the present study was to demonstrate changes in the state of some 


water bodies in Karelia, such as lakes Onega and Ladoga, Vygozero storage reservoir and the 


water bodies and watercourses of the Kostomuksha area affected by human activities, and to 


assess the contribution of atmospheric precipitation to the chemical composition of surface 


waters. The task of the study was to estimate the external load on the water bodies and to assess 


changes in their state caused by various factors. The study is based on the long-term 


hydrochemical monitoring of Karelia’s water bodies studied and the composition of atmospheric 


precipitation. 


Investigation has shown that the natural load on Lake Ladoga from Karelia is: Рtot – 321 


t/yr, Ntot – 9009, suspended matter – 29250 t/yr, OM (based on CODCr) – 358024 tО/yr, and the 


anthropogenic load is: Рtot – 335 t/yr, Ntot – 2574, suspended matter – 43903 t/yr, OM (based on 


CODCr) – 14106 tО/yr. The monitoring has revealed that OM and Ntot are dominated by natural 


runoff (70-94%), while Рtot and suspended matter are slightly dominated by man-induced runoff 


(55-60%). The anthropogenic runoff is mainly contributed to by scattered agricultural sources 


and, to some extent, by trout farms. 


The natural phosphorus load for Lake Onega is 567 t/yr (61% of the total), the nitrogen 


load is 10491 t/yr (70%) and the organic load is 742670 tО/yr (93%). The load from point 


sources for Lake Onega is typically higher than that from scattered sources, in contrast to Lake 


Ladoga. 


The current state of lakes Onega and Ladoga is consistent with their natural, rather than 


polluted state. One of their environmental problems is eutrophication. Lake Onega has now 


reached a maximum allowable load on a water body; its Рtot concentration is 9 μg/l against 6 μg/l 


in natural state. As the external phosphorus load on Lake Ladoga has decreased, Рtot 


concentration has declined to 12-15 μg/l, which is almost twice as less than it was in the 1980s.  


  Vygozero storage reservoir is a biggest in Karelia, was founded in 1933. Long time it 


was affected by waste water of Segezha pulp-and-paper plant. Analysis of 1964-2011 


hydrochemical information from Vygozero storage reservoir has revealed several main stages in 


its operation: 1) prior to 1976, when untreated waste water was discharged into the lake; 2) 


1976–1981, when a plant for biological treatment of sewage and domestic waste water in 


Segezha was put into operation, although the treatment quality was low; 3) 1982–1985, when the 


Biological Treatment Plant reached the designed CODCr and BOD indices; 4) 1985–1991, when 
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normally treated waste water was discharged into the lake and the nutrients load on the lake was 


high; 5) 1992–2011, when the production rate at the pulp-and-paper plant declined and the 


impact of human activities on the lake decreased. The water ecosystems responded specifically 


to human activities at each stage. When Segezha pulp-and-paper plant had no waste water 


treatment facilities (before 1976), Laikoruchei, the Segezha River mouth and the western part of 


North Vygozero were most heavily polluted. The most unsatisfactory oxygen regime was 


observed during the winter period in near-bottom water layers, in which waste water from 


Segezha pulp-and-paper plant, subjected to 7-15-fold dilution, accumulated. When the biological 


waste water treatment plant was put into operation, both the pollution and eutrophication of the 


water body became apparent. As waste water was later discharged into Mozog Bay, it 


accumulated in the storage reservoir in the winter season, while it was partly removed earlier 


from the storage reservoir in the winter. Waste water in the near-bottom layers was subjected 


only to 4-fold dilution in the winter season. As a result of the accumulation of waste water in the 


storage reservoir, it was heavily polluted during the entire freeze-up period in the spring. As the 


production rate of Segezha pulp-and-paper plant in the early 1990s decreased, the impact of 


human activities on the water body also declined. As a result, the water quality indexes of 


Vygozero storage reservoir in the open water period by the 2010s began to approach natural 


background values. However, the water quality of the near-bottom layers in the winter remains 


low, although the polluted water layer has become smaller.  


The water bodies and watercourses of the Kostomuksha area, affected by Kostomuksha 


mining and concentrating plant (Karelsky Okatysh JSC) are an example of Karelia’s water 


bodies, where water quality is influenced by industrial activities. The water environment is 


mainly affected by industrial waters such as ore water (their total amount is about 9 M m3/yr), 


filtration water from the tailings dump and from spoil heaps as well as the release of water from 


the tailings dump (about 14 M m3/yr on the average) and diversion channels. The industrial 


water is highly mineralized and displays an anomalous ratio of major cations. Also, it contains 


large quantities of nitrogen-containing substance, trace elements (Ni, Li, Mn) and Al (in water 


filtered from the spoil heaps). The long-term monitoring of the water bodies in the Kostomuksha 


area has shown that their water composition has considerably changed. TDS concentration in the 


water of the storage reservoir has increased almost twice (from 400 to 800 mg/l) since 1994 and 


SO4
2- concentration – 6 times (from 60 to 350 mg/l). K+ and Li concentrations have increased, 


while HCO3
- concentration has decreased. In the past few years NO3


- concentration has 


stabilized on a high level (about 10 mgN/l).  


The main anthropogenic impact on the water bodies of the River Kenti is exerted by the 


release of water from the tailings dump and the water of the diversion channels. As a result, an a 
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sulphate-potassium type of water, altered by the industrial factor, has formed over the entire 


system. The chemical composition of all the water bodies of the system displays a considerable 


rise in TDS, K+, SO4
2-, NO3


-, Li, Ni concentrations in comparison with their natural state. TDS 


concentration now varies from 450 to 200 mg/l from the upper lakes to the lower ones, K+ is 


120-20, SO4
2- – 220-40 mg/l, NO3


- – 4.5-0.3 mgN/l, Li – 65-8 μg/l and Ni – 4-0.5 μg/l. In all the 


water bodies of the system the concentrations of all the above components and the TDS-value 


increase every year. 


As the mining of the Korpanga deposit began, the industrial impact on the water bodies 


of the Kostomuksha area has increased. The water of the lower reach of the River Korpangijoki, 


supplied by ore water from the West Open-pit Mine, is now polluted, as is the River 


Polvijarvijoki, which drains the catchment area near the mine. TDS, K+, SO4
2-, NO3


-, Li, Ni 


concentrations in the watercourses of the Korpanga deposit are observed to increase as in the 


case of the impact of the Kostomuksha deposit. There, pollution increases more rapidly than it 


did at the Kostomuksha deposit.  


Atmospheric precipitation plays an important role in the formation of the chemical 


composition of the surface waters. The fallouts of the chemical substances with atmospheric 


precipitation onto the territory of Karelia were calculated using the median concentrations of 


chemical substances in atmospheric precipitation in 1996-2015. The amount of precipitation was 


estimated from average long-term data. The studies have shown that atmospheric precipitation 


carries 1.2 g/(m2yr) salts to the land and the same amount of organic matter – 1.1 g/(m2yr). The 


fallouts of strong acids, which results in surface water acidification, were 6.3 mmol-eq/(m2yr). 


Atmospheric precipitation carries to the land considerable quantities of nutrients such as NH4
+ – 


41-151 and NO3
- – 89-241 mgN/(m2yr), as well as Рmin and Рtot – 0.9 and 5.3 mg/(m2yr) 


respectively. The fallouts of lithophile elements are practically the same over the entire territory 


of Karelia, except for Al, as well as fluorides (106 mg/(m2yr)) in the area affected by Nadvoitsy 


aluminium plant. Atmospheric precipitation is one of the sources of heavy metals in the water 


bodies: Pb – 0.01; Cd – 0.04; Cu – 0.43; Zn – 4.6 mg/(m2yr). Considering evaporation, the share 


of salts and organic matter in atmospheric precipitation in the mineralization of Karelia’s surface 


waters is up to 21%. Cl- (83%) and SO4
2- (56%) are major inorganic contributors. Among 


nutrients the share of total phosphorus makes up 86% in atmospheric precipitation. As regards 


nitrogen compounds, the fallouts of ammonium and nitrates with atmospheric precipitation are 


higher than their amounts supplied into the water bodies from the catchment area, which is due 


to their retention by the soil and their consumption by terrestrial vegetation.  


Thus, long-term hydrochemical monitoring has revealed changes in the state of some of 


Karelia’s water bodies affected by natural, climatic and anthropogenic factors. 
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The investigated water objects of Kareliya 







Supply of substances to Lake Ladoga from 
various sources (% of the total runoff) 
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Supply of substances to Lake Onega from 
various sources (% of the total runoff) 
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Loads and assimilation Рtot in lakes 







Main stages of Vygozero storage reservoir 
functioning 


 prior to 1976 - untreated waste water was discharged into 
the lake 


 1976–1981 - a plant for biological treatment of sewage 
and domestic waste water in Segezha was put into 
operation, although the treatment quality was low 


 1982–1985 - the Biological Treatment Plant reached the 
designed CODCr and BOD indices 


 1982–1985 - normally treated waste water discharged 
into the lake and nutrients load on the lake was high 


 1992–2011 - the production rate at the pulp-and-paper 
plant declined and the impact of human activities on the 
lake decreased 
 







Distribution of sulphates, potassium and other components on 
depth of Northen Vygozero in the winter season 1992-1996 
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of the lake 


Сentral part 
of the lake 


TDS, mg/l 17 15-22 36 79 75 157 170 
Colour 45 50-80 45 62 89 133 150 
BOD5, mgO2/l 1.3 0.9-1.5 2.3 1.6 1.3 2.2 2.1 
O2, % 76-95 84-90 62 59 40 7 3 
pH 6.8 6.5-7.3 6.8 6.5 6.5 6.4 6.5 
Fe, mg/l 0.16 0.15-0.25 0.25 0.26 0.3 0.58 1.52 
Mn, mg/l 0.02 0.03-0.06 0.04 0.02 0.17 0.74 1.62 







Distribution of nutrients, phenols and oil products on depth 
of Northen Vygozero in the winter season 1992-1996 
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NH4, mgN/l 0.05 0.03 0.21 1.5 0.47 3 4.6 
NO3, mgN/l 0.13 0.12 0.14 0.12 0.23 0.44 0.26 
NH4, mgN/l 0.41 0.43 0.54 0.98 0.64 1.5 2.0 
Phenols, mg/l 1-2 1-5 8 5 13 25 31 
Oil products, mg/l 0.05-0.15 0.03-0.09 0.13 0.08 0.04 0.11 0.02 







Influence of Kostomuksha mining and 
concentrating plant on the environment  







 
 
 
 
 
 
 
 
 


  
 
 
 


 High concentration of TDS 
and an anomalous ratio of 
major cations 


 High concentration of 
nitrogen-containing 
substance (except filtration 
waters) 


 High content of trace elements 
(Ni, Li, Mn) and Al  


 Low concentration of OM and Ptot 


Features of the chemical composition  
of industrial water  







Consequence of industrial influence on the water 
bodies of the River Kenti for the long-term period 


High concentration of TDS (Cbackground – 15 mg/l) 
and an anomalous ratio of major cations 


 


Contamination of water bodies by nitrogen-
containing substance and utilization part of NO3  
(rate – 0.27 mgN/l in yr, rate constant – 0.77 yr-1) 


Increase of Li (Cbackground – 0.5 µg/l) and Ni 
(Cbackground – 0.5 µg/l) concentration as a result of 
industrial impact and Al – supply with slightly 
acidic waters from the catchment area 







Long-term dynamics of TDS, K+, SO4
2-, NO3


-, 
Li, Ni concentrations in river Polvijarvijoki 







The role of atmospheric precipitation in the formation 
 of the chemical composition of the surface waters 


1. fallouts of the chemical substances with atmospheric precipitation  
2. washing out of components from catchment area 


 Supply of components into surface waters: 
Ca2+, Mg2+, Na+, K+, HCO3


-, Fe, Mn, Al – 
leaching from catchment area 
Cl-, NH4


+, NO3
- – 100 % with atmospheric 


precipitation 
SO4


2-, Рtot – atmospheric precipitation  and 
catchment area 


We have determined important consistent pattern  – 
equality and constancy of Ntot (0.4 mg/l) in all 
uncontaminated objects of hydrosphere.  
The only difference – different ratios of nitrogen forms. 







Thank you for your attention! 
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Legal regulation in the field of protection and management of water resources in Central 


ecological zone of the Baikal natural territory (CEZ BNT) is carried out under the Federal laws 


and a number of by-laws and regulations of various levels. A significant part of the area of the 


CEZ BNT takes water protection zone, extending to the territory of the relevant restrictions on 


economic activity. At the same time, despite the many measures to minimize human impact on 


the environment, there are significant transformation and pollution of water bodies and their 


catchment areas. 


Assessment of the current ecological status of water-ecological zones of Central 


ecological zone of the BNT is the basis of the analysis of environmental and social conditions of 


the area. 


The relevance of research associated with the aggravation of environmental problems 


caused by falling of the level of Lake Baikal, large areas of forest fires, uncontrolled use of 


coastal areas for recreational purposes, etc. Conditions of formation and transformation of water 


resources in the basin of Lake Baikal under the influence of climatic and anthropogenic factors, 


one of the most important parameters of the functioning of the ecosystem of the lake. 


The main anthropogenic pressures on water bodies connected with the work of industrial 


enterprises are the development of public utilities and recreational facilities. Wastewater 


discharges containing pollutants is a major factor in the negative impact on the natural water. 


Large inflows, bringing the basic amount of water in the lake (70%), determine the 


composition and quality of water resources, especially in cross-border are of the Selenga river. 


Small tributaries of Lake Baikal, which are formed within the central ecological zone, 


characterized by different levels of change, depending on the economic development of the 


watershed. 


The dynamics of wastewater volumes on subjects of federation, located in the central 


ecological zone of the BNT shows that discharges from the Irkutsk region during the last decade 


(except for 2014-2015.) On average, 30 times higher than the water discharge of the Republic of 


Buryatia and accounted for 30 - 45 million m3/year. After stopping the Baikal pulp and paper 


mill the total wastewater discharge by the CEZ BNT was down the order and was in 2014 and in 


2015 about 5 million m3. Due to the overall reduction in wastewater flow of pollutants dropped 
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by more than 10 times, almost all the elements of the normalized (with the exception of nitrate 


and ammonium nitrogen). 


The entire volume of wastewater discharged into the lake and its tributaries is classified 


as "insufficiently treated." The greatest amount of pollutants into the lake flows to the drain of 


the Selenga river (reducing 30 km3/year), which brings every year thousands of tons of 


pollutants. Dynamics of Water Quality of the Selenga river shows steady growth in the volume 


of suspended solids removal, nitrates, nitrites and oil products. Specific combinatorial index of 


water pollution (UKIZV) in the river for the 10 year period in the closing alignment (settlement 


of Murzino) consistently meets the third class "polluted". 


Water quality in the rivers Barguzin and Turka is characterized as second class - "slightly 


polluted". In recent years, the reduction of certain forms of nitrogen, metals, phosphates is 


registered. At the same time, the water of the Turka river has sharply increased the content of 


surfactants and water district, and in the Barguzin - copper and hydrocarbon compounds. 


 


The rivers to the north of Lake Baikal - Upper Angara and Tyya subject to strong 


anthropogenic impacts, especially in the estuarine parts, and show trends in the deterioration of 


water quality. The water concentration marked increasing iron, copper, zinc, silicon and 


suspended solids. Specific combinatorial index of water pollution both rivers corresponds to 3rd 


class "polluted". 


On the small rivers - tributaries of Lake Baikal are a general improvement in water 


quality since 2012 and currently UKIZV rivers changed from 2 "slightly polluted" to the first 


class "conditionally clean", virtually all watercourses except the rivers Goloustnaya, Buguldeika, 


Mysovka and Pohabiha. At the same time, the maximum permissible concentration of individual 


components (organic compounds, phenols, petroleum products, nitrogen and phosphorus-


containing elements) in 2014 and 2015 were recorded in many waterways. 


Among the small rivers of the CEZ BNT maximum amount of pollutants is discharged 


into the river. Pohabiha with wastewater of Slyudyanka and Irkutsk region, accumulates 


industrial and communal wastewater. The predominant pollutants are surfactants, phosphates, 


sulfates, chlorides and easily-oxidisable organic substances. A large number of pollutants enters 


the river Mysovka in the Republic of Buryatia (c. Babushkin). The predominant detergents, 


suspended and organic substances. 


In the Central Ecological Zone of BNT is a large number of small lakes of different 


origin (karstic, floodplain, deltaic, flooded coastal areas), also facing serious environmental 


transformation. Depletion of water bodies caused by, climatic factors which have caused a 







general decline in atmospheric and soil nutrition lakes, exacerbated by the economic use of the 


adjacent territory contributing to pollution and eutrophication. 


Analysis of the current water and environmental state of the area shows the opposite 


changes of water quality of the Baikal natural territory. The main problems in the CEZ BNT is a 


decrease in water quality as a consequence of waste water and the reduction of water availability, 


contributes to lower self-purification capacity of watercourses. Small water bodies of the least 


resistant to natural and human-induced changes, but are particularly valuable in the natural, 


aesthetic and recreational relationships, and require urgent measures regarding management and 


protection. 
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- Water Code of the Russian Federation of 03.06.2006 № 74-FZ (ed. on 14.07.2008) 
- Land Code of the Russian Federation of 25.10.2001 № 136-FZ (ed. on 12.30.2015) 
(rev. and ext., entered in force on 01.01.2016) 
- Forest Code of the Russian Federation" of 04.12.2006 № 200-FZ (ed. on 
13.7.2015, as amended from 30.12.2015) (rev. and ext., entered in force on 
01.01.2016) 
- Federal Law of 01.05.1999 № 94-FZ. "On the Protection of Lake Baikal" as 
amended by the Federal Law of June 28, 2014 №181-FZ 
- Federal Law of 10 January 2002 n 7-FZ "On Environmental Protection (as 
amended December 29, 2015) of December 29, 2015 № 404-FZ 
- RF Government Decree of 06.09.2000 № 661 "On Environmental zoning of the 
Baikal Natural Territory and informing the public about the boundaries of the Baikal 
Natural Territory and its ecological zones and about the features of the regime of 
ecological zones" 
-  RF Government Decree of 27.11.2006 №1641-r "On the borders of the Baikal 
Natural Territory" 
- The State Programme of the Republic of Buryatia "Environmental protection and 
rational use of natural resources" of 05.30.2013, RF Government Decree № 643 of 
30.08.2001 "On approval of list of activities prohibited in central ecological zone of 
the Baikal Natural Territory", the Russian Federation Government №368-r of 
03.05.2015 


 







Major tributaries of Lake Baikal: 
The rivers Selenga, Barguzin, Upper Angara, Turka  formed outside the 


central ecological zone of the Baikal Natural Territory (CEZ BNT) 
 


Small tributaries, which are formed within the boundaries of the CEZ 
BNT: 


- The rivers in the Irkutsk Region - Goloustnaya, Buguldeika, Anga, 
Sarma, Solzan, Angasolka, Pokhabikha, Slyudyanka 


 - The rivers in the Republic of Buryatia - Kika, B.Sukhaya, Sosnovka, 
Bolshaya Tompuda, Kholodnaya, Kichera, Rel 


 
Lakes and bays of the CEZ BNT: 


Lake Katokelskoe, Arangatuy, Frohlikha, Tazheranskiye; 
Verhneangarsky Sor and Posolski Sor bays, delta of the Selenga river 


 
The strong anthropogenic impact: 


- Small streams Angasolka, Pokhabikha, Slyudyanka, Timlyui, 
Goryachii 


- Lake Katokelskoe, Arangatuy, Frohlikha, Tazheranskiye 
- Verhneangarsky Sor and Posolski Sor bays 
- Delta of the Selenga river 







Main indicators of water withdrawal and water discharge by municipalities in the CEZ of the BNT for 2014-2015 y.* 


Municipalities Fresh water withdrawal, thou. m3 Used water, thou. 
m3 


Wastewater discharge, thou. m3 
2014 y. 2015y. 2014 y. 2015 y. 


In total From 
surface 
sources 


In total From 
surface 
sources 


2014 y. 2015 y. In total Insufficie
ntly 
treated 


In total Insuffic
iently 
treated 


Slyudyanskii 
rayon 


6347,81 3804,26 4864,79 2434,62 6287,62 4864,79 2935,73 2935,73 2727,43 2727,43 


Slyudyanka 765,97 163,31 1168,27 185,27 811,02 716,72 716,72 1061,71 1061,71 


Baikalsk 5144,53 3815,22 3632,64 2230,07 5084,83 2230,07 1774,46 1774,46 1654,02 1654,0 


Port Baikal 13,03 7,55 13,73 7,0 13,03 7,0 0,8 n.d. 
 


0,0 n.d. 
 


Kultuk 46,05 17,0 27,79 11,7 0,99 0,37 17,6 17,6 11,7 11,7 


Irkutskii rayon 57,65 53,97  64,65 47,48 57,65 64,65 0,8 0,8 0,0 0,0 


Listvyanka 44,95 44,84 39,62 39,48 44,95 39,62 n.d. 
 


n.d. 
 


0,0 0,0 


Marituyskoe 0,58 0,58 0,58 0,58 0,58 0,58 n.d. 
 


n.d. 
 


n.d. 
 


n.d. 
 


Utulikskoe  21,41 0,0 21,78 0,0 20,93 21,78 n.d. n.d. 
 


0,0 0,0 


Goloustnenskoe 1,0 1,0 1,0 1,0 1,0 1,0 n.d. n.d. 
 


n.d. 
 


n.d. 
 


Barguzinskii rayon 4,22 4,22 5,45 5,45 5,45 5,45 0,0 0,0 0,0 0,0 


Kabanskii rayon 1969,73 1969,73 1490,76 1490,76 n.d. 
 


n.d. 
 


1071,66 n.d. 
 


1109,55 n.d. 
 


Pribaikalskii 
rayon 


0,0 0,0 0,0 0,0 n.d. 
 


n.d. 
 


36,11 36,11 0,0 0,0 


Severobaikalskii 
rayon 


7,12 7,12 6,23  6,23 n.d. 
 


n.d. 
 


915,57 915,57 979,89 979,89 


Severobaikalsk 1916,47  2,15 0,0 0,0 n.d. 
 


n.d. 
 


857,79 857,79 925,11 925,11 


*- adjusted reporting materials "2TP-Vodkhoz" for 2014 -2015 y. 







Year Irkutsk Region  Republic of 
Buryatia  


Totaly  
Irkutsk Region  Incl. BPPP 


2006 43,1 38,0 1,4 44,5 
2007 46,7 41,1 1,4 48,1 
2008 30,3 27,5 1,4 31,7 
2009 4,7 3,4 1,4 6,1 
2010 15,0 14,4 1,9 16,9 
2011 27,8 26,7 1,1 28,9 
2012 39,1 37,9 1,1 40,2 
2013 21,7 20,5 0,8 22,5 
2014 3,0 1,77 0,9     2,02 ⃰⃰ 3,9      5,02 ⃰ 


2015 2,7 1,65 2,09 4,79 


Discharges into surface water bodies within the Central Ecological Zone of the BPT    
in 2006-2015 y. mln. m3 * 


*- based on the State Report "On the state of Lake Baikal and the measures for its protection in 2014" and statements "2TP-
Vodkhoz" for 2015 


 







Indicator/year 
 


Volume, ton 


2008 y. 2009 y. 2010 y. 2011 y. 2012 y. 2013 y. 2014 y. 2015 y. 
Wastewater 
total, mln. m3 


27,53 3,41 14,35 26,71 37,92 20,47 1,77 1,65 


BOD totally 248,90  11,30 143,94 214,10 354,15 167,52 7,75 12.41 
Suspended solids 
 


86,160  10,00 59,63 79,81 135,41 67,15 6,04 9,6 


Petroleum products 1,75  0,10 0,80 0,84 1,15 0,56 0,07 0,07 
Lignin sulfate 
 


211,00  0,00 99,37 154,44 197,1 69,61 0.00 0.00 


Formaldehyde 
 


0,05  0,00 0,12 0,57 0,15 0,01 0.00 0.00 


Methanol 
 


2,80  0,00 0,78 0,94 0,16 0,03 0.00 0.00 


Nitrate-anion 
 


12,08  50,00 33,31 17,43 39,15 67,26 30,14 53,93 


Detergents 
 


1,54  1,03 1,91 1,11 1,49 0,53 0,05 48,3 


Sulfates 
 


4148,20  0,00 2274,49 3542,99 5068,16 2184,52 3,68 58,34 


Turpentine 2,00  0,00 1,11 2,15 0,00 0,12 0.00 0.00 
Chloride 
 


2522,00  37,90 858,35 2593,76 3694,01 1290,2 27,94 33,49 


Phenols 0,23  0,00 0,18 0,26 0,23 0,10 Н.д. Н.д. 
COD 1166,00  0,00 516,22 1125,35 1546,87 582,26 33,7 38,91 
Chloroform 
 


2,14  0,00 0,00 1,11 4,32 1,29 0.00 0.00 


Ammonia nitrogen 
 


1,15  2,26 0,001 1,13 1,68 0,02 0,95 0,77 


Emissions into Lake Baikal with the sewage from BPPP and the town of Baikalsk in 2008 – 2015 y. * 


*- based on the State Report "On the state of Lake Baikal and the measures for its protection in 2014" and "2-TP Vodkhoz" 2015. 







Indicator/year 
 


Volume, ton 


2010 y. 2011 y. 2012 y. 2013 y. 2014 y. 2015 y. 


Wastewater 
total, mln. m3 


1,29 1,11 1,05 0,81 0,86 0,92 


Ammoniacal nitrogen 0,957 0,84 0,95 1,915 0,785 0,93 


Suspended solids 3 3 3,48 3,667 4,03 3,5 


Ferrum 0,083 0,121 0,168 0,114 0,104 0,161 


Petroleum products 0 0,02 0,03 0,032 0,038 0,039 


Nitrate-anion 25,39 22,69 23,23 18,69 36,02 39,56 


Nitrite-anion 0,025 0,166 0,022 0,034 0,198 0,098 


Detergents 0,065 0,144 0,19 0,105 0,261 0,393 


Sulfates 
 


35 31,66 36,01 30,349 33,387 34,73 


Phosphates 5,82 4,9 4,17 3,998 12,557 14,78 


Chlorides 68 58,32 68,96 55,043 57,08 66,158 


BOD totally n.d. n.d. n.d. 4,035 4,72 3,34 


Dry residue n.d. n.d. n.d. 381,40 426,47 458,7 


The main pollutants in the composition of waste water Severobaykalsk in 2010-2015  y.* 


*- based on the State Report "On the state of Lake Baikal and the measures for its protection in 2014" and statements "2TP-
Vodkhoz" for 2015 







Mass of pollutants per year 
River/year Suspended solids, 


thou.t 
BOD, thou.t COD, thou.t Detergents, 


thou.t 
Phenols,  t Petroleum 


products, thou.t 
Ammonia 
nitrogen, t 


Nitrate nitrogen, 
t 


Nitrite nitrogen, 
t 


r. Selenga 
2010 755,0 38,0 0,30 0,16 25,0 0,6 200,0 1100 33,0 
2011 590,0 26,0 0,22 0,24 23,0 0,39 120,0 83,0 52,0 
2012 931,0 42,0 0,35 0,40 33,0 0,32 140,0 63,0 27,0 
2013 1250,0 45,9 0,38 0,06 13,0 0,58 580,0 2050,0 140,0 
2014 2754,00 33,7 1,07 0,08 12,00 0,64 142,22 2792,2 57,58 


r. Barguzin 
2010 56,5 3,11 30,0 0,01 3,6 0,09 23,0 56,0 1,0 
2011  39,2  3,2  30,6  0,05  2,9 ~0,083*  36,0  56,0 0,0 
2012 56,4 3,8 38,0,1 0,05 3,1 0,1 14,0 53,0 7,0 
2013 93,0 3,1 41,5 0,03 1,8 0,058 40,0 86,0 4,0 
2014 393,00 2,76 24,3 0,012 1,40 0,062 51 in total** 


r. Turka 
2010 13,10 2,64 18,0 0,01 2,0 0,04 10,0 57,0 0,0 
2011  7,3  1,95 7,85  0,015  1,1 0,02  3,0  15,0  0,0 
2012 11,4 2,76 16,3 0,030 2,0 0,019 13,0 35,0 1,0 
2013 13,4 2,07 9,0 0,001 1,4 0.01 26,0 22,0 2,0 
2014 51,50 1,86 12,7 0,005 0,40 0,018 39- in total ** 


r. Verkh. Angara 
2010 38,0 0,6 72,0 0,05 11,0 0,25 140,0 320,0 14,0 
2011  35,3  11,4 90,9  0,09  9,3  0,26 90,0 540,0 19,0 
2012 148,0 15,0 77,8 0,06 5,2 0,13 150 500,0 26,0 
2013 68,2 7,36 45,7 0,016 3,0 0,09 160,0 340,0 18,0 
2014 530,0 6,42 61,4 0,013 1,80 0,22 329 - in total ** 


r. Tiya 
2010 6,3 1,6 10,5 0,01 1,5 0,05 6,0 75,0 4,0 
2011  4,0  4,0 11,2  0,01  1,0  0,02 28,0 133,0  3,0 
2012 5,8 5,8 9,6 0,01 1,0 0,02 26,0 180,0 6,0 
2013 2,35 1,36 8,04 0,004 0,7 0,022 28,0 225,0 5,0 
2014 75,90 4,72 0,0 0,002 1,20 0,051 0,78 36,0 0,2 


Emissions in Lake Baikal with sewage of main tributaries for the 2010-2014 y.* 


* - the estimated value ** - mineral forms of nitrogen in total 







River/year  Total 
phosphorus, t 


Silicon, t Ferrum, t Cadmium, t Lead, t Copper, t  Zinc, tonnes 
r. Selenga 


2010 430,0 143,0 9400 n.d. n.d. 42,0 200,0 
2011 330,0 127,0 9540 n.d. n.d. 28,0 173,0 
2012 657,0 124,0 12100 n.d.. 8,0 65,0 295,0 
2013 486,0 132000 3850 n.d. n.d. 48,0 319,0 
2014 270,0 77000 2890 n.d. n.d. 140,67 791,0 


r. Barguzin 
2010 85,0 17,1 1920 n.d. n.d. 8,3 26,0 
2011 103,0 17,5 1360 n.d. 2,5  4,4  31,0 
2012 86,0 n.d. n.d. n.d. 2,7 8,9 35,5 
2013 64,0 10700 700 n.d. n.d. 5,8 37,0 
2014 45,0 10500 300 n.d. n.d. 11,0 30,2 


r. Turka 
2010 22,0 11,5 400 n.d. n.d. 2,5 13,0 
2011 11,0 8,87 220 n.d. 0,8 1,2 7,5 
2012 29,0 n.d. n.d. n.d. 0,6 5,0 12,2 
2013 14,0 6020 140 n.d. n.d. 2,9 13,0 
2014 11,0 5350 110 n.d. n.d. 0,9 7,8 


r. Verkh. Angara 
2010 193,0 45,0 3100 n.d. n.d. 23,0 68,0 
2011 160,0*  50,1 3620 1,4 10 29,0 97,0 
2012 173,0 n.d. n.d. 0,4 16 25 108 
2013 82,0 19100 1020 n.d. n.d. 9,6 60,0 
2014 113,0 19500 1220 n.d. n.d. 34,0 66,2 


r. Tiya 
2010 22,0 4,45 130 n.d. n.d. 3,5 9,0 
2011 26,0 6,36 220 0,06 1,0  4,1  15,0 
2012 35,0 n.d. n.d. 0,07 0,6 3,9 12,5 
2013 50,0 2030 70 n.d. n.d. 3,2 12,0 
2014 40,0 2600 100 n.d. n.d. 0,0 0,0 


Receipt of mineral contaminants and metals in Lake Baikal with sewage of main tributaries for the 2010-2014 y.* 


* average many-year value 







Year Suspended 
solids, thou.t 


BOD, t COD, t Detergents, 
thou. t 


Petroleum 
products, 
thou. t 


Ammoniac
al nitrogen, 
t 


Nitrate 
nitrogen, t 


Nitrite 
nitrogen, t 


r. Pokhabikha 
2014 9,38 2,94 0,0 227,57 0,12  6,37 64,43 1,081 


2015 9, 40 4,28 0,0 198, 05 0,081 15,62 n.d. n.d. 


r. Bolshaya Rechka 
2014 0,40 3,19 0,0 0,0 0,0 0,0 0,0 0,0 


2015 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 


r. Snezhnaya 
2014 0,71 1,40 2,41 1,34  0,0002 0,99 0,601 0,007 


2015 0,59 1,17 2,21 0,22 0,0 0,61 n.d. n.d. 


r. Mysovka 
2014 23,87 12,12 0,0 180,4  0,0 0,36 0,087 0,044,65 


2015 3,89 0,01 0,0 0,38 7,7 0,01 n.d. n.d. 


r. Goryachii 
2014 0,13 0,22 0,78 7,34  0,0 0,02 1,61 0,006 


2015 0,002 0,001 0,0 0,0 0,0 0,0 n.d. n.d. 


Pollutants coming with wastewater in small rivers within the CEZ in 2014- 2015 y. * 


*- Reporting materials "2 TP-Vodkhoz" for 2014 – 2015 y. 







Bay "Verkhneangarski Sor" 


Bay “Posolski Sor" 


Delta of Selenga river 







Anthropogenic load 







Lake Baikal Coast, the settlement  
of Listvyanka 25.08.2016 y. 







 
The main water and environmental issues of the central 


ecological zone of the Baikal Natural Territory 
 


 - Reduced water quality, contamination and degradation of 
water bodies as a result of drainage and income dispersal and soil 
runoff from agricultural, industrial and residential areas into the 
surface water bodies; 


- Transformation of natural complexes of watersheds as a result 
of natural changes and human impacts, leading to changes in the 
water balance structure, and quantitative and qualitative 
characteristics of water bodies. 


 - Transport, agricultural and recreational activities (transport 
communications, livestock, crops, horticulture) in the coastal zones 
of water bodies and Lake Baikal 


 







Thank you for your attention! 







Scientific Background Bioenergy Activity of Drinking Water 
Formation 


slide 2 


Dear colleagues, poor quality drinking water, as has been noted in the 
documents of the WHO, is a leader in pandemic metabolically - caused 
diseases of the world's population. 


The contribution of drinking water to health risks in the last decade has 
changed significantly. If only 48 percent of all diseases in 1985 year 
were due to the poor quality of drinking water in the world, by 2004 
year it increased to 85 percent. At the same time, according to the latest 
WHO documents, its increase is not so much due to the action of 
classical risk factors, but because of the climate change, caused by 
anthropogenic impact on the planet. 


Understanding the mechanisms of this effect on the planet and human 
health occurs with great difficulty due to the one-sided development of 
modern science, which places at the heart of a profit. Geospheric factors 
underlying the metabolic mechanism of a pandemic on the one hand, 
and climate change - with another, identical and associated with changes 
in the electrophysical state of Earth lithosphere, characterized as an 
electron deficiency. They are based on the interactions of electrons 
delocalized states - the so-called background Bose condensate electrons. 
These states form the biological activity of water. 


 


slide 3 


Currently, the term "drinking water quality" means its chemical, 
radiological and microbiological safety, which entails massive use of 
water treatment technologies to achieve the standard indicators for 
water. As a result, the water is clean, but biologically inert or even 
unsafe. It becomes obvious that the drinking water quality criteria are in 
need of substantial revision 







slide 4 


ELECTROPHYSICAL environmental and technogenic pollution field 
have a destructive effect on the structural and physical condition of the 
water, determined by its bioenergy activity, is assessed as the ability of 
electrons to dope the water in a living organism in which they perform 
regulatory functions, entering into the phase of the associated water. 


slide 5 


The mechanism of the water bioenergetic activity formation is caused by 
electrons quantum condensation effects, initiating the process, in which 
is the instability of the associated water phase, flowing in two stages: 
Stage 1 - the decay phase release macroscopic electrons packet  
Stage 2 - quantum condensation additional electron from the 
surroundings, due to non-stationary vortex dynamics. 


slide 6 


As a result, through the quantum electron condensation water becomes 
bioenergy active, which can be determined by the following system of 
indicators: 
redox potential (electrochemical indicator of the water electronic 
saturation); 
content superoxide ion-radical, characterizing the catalytic activity of 
the water and the binding energy of electrons in the ion-radical 
complexes; 
dynamic viscosity (an indicator of the thermodynamic changes in 
water); 
parameters of the structural organization of the water associated phase, 
reflecting the phase content and the size of the phase distribution 
(energy levels) 


slide 7 


Bioenergy water activity is not uniform across the planet. 







If we consider the territory of Russia, it is a unique region of the planet, 
within which are the regions with intensive anthropogenic influence and 
extended the territory, untouched by the technosphere. The impact of 
anthropogenic load on the biosphere, which is realized through a change 
in the electronic state of the water, can be estimated from the regional 
structure of chronic noninfectious diseases. 


 


slide 8 


Thus, the level of primary morbidity of noninfectious diseases in 
children aged under 14 is correlated with changes in the oxidation - 
reduction potential, both natural and distilled water, Eh values reflect 
regional background Bose condensate electrons intensity. In the 
structure of morbidity clearly distinguished regions with low and high 
water potential values. 


slide 9 


The linear correlation between the level of the primary noninfectious 
diseases of children assessed as significant with a regression coefficient 
of 0.78. It regions in the north-west and north-east of Russia have 
maximum levels of diseases risk, since they are under the influence of 
the exposure effects on the ionosphere by the US Alaska and Norway. 


slide 10 


Numerical evaluations show that an increase in the water redox potential 
of the biosphere on 90mV leads to increased incidence of primary to 20 
percent (relative to the average values for Russia) 


From this dependence it implies that the changes of the water 
electrophysical conditions are the main cause of a noninfectious diseases 
pandemic on the planet. 


This raises the question about the possibility of the drinking water 
bioenergy activity increasing as centralized and bottled water. 







 


slide 11 


Unfortunately, it is noted that the drinking water, subjected to a 
multistage purification conditioning, characterized by low values of 
bioenergetic activity. Maintaining bioenergetic water activity, especially 
packaged in a container, is possible through the implementation a set of 
conditions, that characterize its non-local interaction. It: 


- Compliance with the identity of the chemical composition of water 
from natural sources, necessary for the formation of quantum-correlated 
state, 


- Electrophysical activity of a natural water source, 


- Activating the process of the enterprise - manufacturer of drinking 
water as a result of which the non-local broadcasting activity on the 
water at the consumer 
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In such a system "source-to-business-to-consumer" has a crucial 
electrophysical activity of a natural water source. 


Source activity associated with developments in the catalytically active 
soils low stability restored anion radical forms of the compounds, 
including anion-radical forms of active oxygen in the water that are 
carriers of electrons in a delocalized state. 


However, the electronic activity of soils and natural water is not 
spatially uniform, stable and dynamically little susceptible to the 
damaging effects of nonlocal technical devices (traffic, electrical effects, 
quantum generator device, etc.). However, such sources in Russia are 
and they can be considered as a bioenergy potential, aimed at the 
prevention of epidemic situations noninfectious chronic diseases. 
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Realizing that the time for the report is limited, I suggest two main 
conclusions in a draft decision of the Forum: 


1. Drinking water quality standards should be changed in the direction of 
a sharp awareness of the need of a paradigm shift in the approach to its 
valuation, based on the deciding factor for human health structure - 
energy and information state of drinking water. 


2. Requires a fundamental change in the approach to the assessment of 
the safety technology and industrial products with the new risk factor for 
human health and life - electronic deficiency in the environment 


Slide 14 - Thank you for your attention 
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Вклад питьевой воды в риски здоровья 
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Факторы, оказывающие 
влияние на качество воды 
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Фактор 


Качественная оценка 
значимости фактора для 
питьевой воды  


      Химические загрязнения 
 


 
 


соответствует требованиям 
СаНПиН 


      Микробиологические загрязнения 
 


      Радиационные загрязнения 
 


     Электронный  дефицит 
 


значимо 


      
     Техногенное  загрязнение 
 


 
значимо 







Причины деградации 
электронного состояния среды 


• Глобальный уровень – воздействие на 
геофизические процессы, включая наиболее 
опасные технологии плазмообразования в 
ионосфере, регулирования погоды и климата 


• Региональный и локальный уровни – 
новейшие технологии в энергетике и быту 
(«трансзвуковые струйные аппараты», холодно – 
плазменные реакторы, гидровихревые 
установки,  электромагнитные приборы, 
плазменные очистители и кондиционеры 
воздуха, активирующие воду генераторы и т.д.) 







Место замера 
Рассто-
яние, 
км* 


Площадь 
водозабора, 
км2 


Освоенность 
территории 


Редокс-потенциал 
воды, Еh, мВ 
природ-
ной 


дистилли
рованной 


устье р. Кема 
р. Лундонга 
р. Юза (правый приток) 
р. Кунеж (правый приток) 
р. Княжая (правый приток;  
район «Княжая Пустынь») 
р. Унжа (район «Старый 
Кологрив») 
р. Кичинка (левый приток – 
г. Кологрив) 
р. Унжа (устье) 
Горьковское водохранилище 


426 
426 
388 
351 


  
238 


  
80 
  


40 
0 
- 


4480 
1340 
1560 
905 


  
726 


  
  
  
  


27800 


заповедная 
зона 
  
заселенная 
  
  
  
  
  
  
урбанизиро-
ванная 


40 
81 
28 
50 
  


120 
  


59 
54 
  


111 
131 


69 
111 
88 
108 


  
103 


  
114 
102 


  
128 
135 
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Влияние антропогенной нагрузки на 
изменение редокс-состояния природной и 


дистиллированной воды 


Примечание * - от устья р. Унжа 
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 Уровень первичной заболеваемости  неинфекционными 
болезнями детей в возрасте до 14 лет в процентах от среднего 
значения по стране в 2009 году [ФГБУ ЦНИИОИЗ. 2013].  
В скобках - значения окислительно–восстановительного потенциала 
природной воды в ряде регионов России и дистиллированной воды (в морской 
акватории)   (2013 г.)  







 
 
 
 
 
 
 
 


Зависимость уровня первичной неинфекционной 
заболеваемости детей в возрасте от 1 до 14 лет (в % относительно 
среднего по России уровня) от редокс-потенциала 
дистиллированной воды, отражающего региональные 
особенности естественного фона бозе-конденсата электронов 
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По результатам измерений относительных значений 
интенсивности естественного фона бозе-конденсата 
электронов построена зависимость, отражающая связь 
неинфекционной заболеваемости в регионах России с 
редокс-состоянием дистиллированной воды, которая может 
быть охарактеризована как достоверная (коэффициент 
регрессии R2=0,78).  
Связь заболеваемости (НИЗ,%) с интенсивностью фона ЭБК 
(Iф, отн.ед.) оценивается уравнением: 


НИЗ [%] = 0,24·Eh[мВ] – 25, где Eh~1/Iф. 


Численные оценки показывают, что увеличение 
биосферного редокс-потенциала воды на 90мВ приводит к 
росту первичной заболеваемости на 20% (относительно 
средних по России значений)  







Квантовые представления о 
влиянии электрически активных 


структур ассоциатов на клеточный 
метаболизм 
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Квантовые свойства 
воды 
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•Основные свойства квантового состояния: нелокальность
(пространственная и временная – в соответствие с транзакционной 
интерпретацией Д. Крамера), полное отражение свойств 
макроскопической системы в каждом ее элементе 


•Носителем взаимодействия является магнитный векторный потенциал,
входящий в уравнение для длины волны де Бройля волнового пакета 
электронов 


•За проявление макроскопических квантовых свойств ответственна фаза
ассоциированной воды 


•Вода как квантовая система отражает прошедшее и будущее состояние
системы (экосистемы, техногенное влияние) в настоящем времени, 
определяет колебательные процессы и взаимодействие колебательных 
систем в живых организмах 







Перенос активности воды на 
первичные центры конденсации 


электронов в организме 
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Образующиеся при распаде пероксид анион-радикалов 
электроны туннелируют на активные центры эритроцитов, 
которые переносят заряд на триплетный кислород гидратных 
структур ферментных комплексов митохондрий 
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Согласно приведенной схемы наиболее стабильный 
пероксид ион – радикал образуется из ион – 
молекулярной формы – супероксид ион – 
радикала. Механизм подобной трансформации  
связан с протонным переносом, предполагающим 
разрыв сильной НО―Н связи, и делокализацию 
электрона: 


ОН-(*)… О2
-(*)(Н2О) т


p → [НО* + НО2
-(*)… ОН-(*)(Н2О) т


p+n


С физических позиций процесс перезарядки (перенос, 
возможно, посредством туннелирования протона на О2


-(*) и 
электрона на свободный бескислородный центр конденсации) 
связан с увеличением массы фазы ассоциированной воды, 
регулируемой поступлением заряда на триплетный кислород  
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Схему исходных и конечных состояний фазы 
ассоциированной перекиси водорода можно 
представить в виде уравнения, отражающего 
процессы фазовой трансформации ассоциированного 
ион - радикального состояния, стабилизируемого 
делокализованными электронами ион – радикалов, 
находящимися в когерентном состоянии.  


[НО2
(-*)…ОН(-*)(Н2О)т


p]q → qНО2
*+ qОН*+ p·q(Н2О) +Σ2е-, 


где  (Н2О)т
q – ассоциат с тетрагональной структурой, 


q – степень ассоциации,  
р - параметр ионной координации 







Пероксидный ассоциат представляет собой 
макроскопическую квантовую систему 
             Σ[НО2


(-*)…ОН(-*)(Н2О)т
p]q, 


где  (Н2О)т
q – ассоциат с тетрагональной структурой, 


 q – степень ассоциации, р - параметр ионной координации 
 Сила взаимодействия между ассоциатами в составе GSV-


везикулы и ПМ может быть определена из соотношения для
силы взаимодействия двух вихрей.


F=1/2π∫[H2+λ2(rotH)2]dV,
где  Н - полное магнитное поле, созданное системой двух 
вихрей. 
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)28,0(ln
2 2 −≈ χ
πλ
ФH


Напряженность H магнитного поля системы вихрей:  


Ф  представляет собой энергию электронов вихря  
е
сnФ π


=


где n – число пар  делокализованных электронов  в составе ассоциатов 







Регулировка пероксидными ассоциатами 
клеточного цикла 


Концентра-
ция, мкг/л 


Диаметр, 
нм 


10 6,4 
25 12 
45 30 
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Дифференцировка 
«моноцит- макрофаг» 
-  20нм 


Размеры пероксидных 
ассоциатов в цитоплазме 
клеток в зависимости от 
концентрации НО2


-(*) 
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   Регуляторная роль перекиси водорода не может 
быть сведена исключительно к биохимическим 
реакциям индукции вторичных регуляторных 
посредников, либо поддержанию редокс – статуса 
клеток. 
   Установленный факт запаздывания генной 
экспрессии в генетических процессах (Bratsun D.) не 
может быть объяснен с классических биохимических 
позиций, что требует применения в анализе 
регуляторных функций перекиси водорода 
представлений о кооперативном макроскопическом 
квантовом поведении фазы ассоциированной воды 
 
 
 


Bratsun D., Volfson D., Hasty J., Tsimring L. Delay-induced stochastic 
oscillations in gene regulation / PNAS. - 2005. – V.102. - №41. – P.14593–
14598. 







Принципиальная схема инсулин сигнального каскада, 
регулирующего экзоцитоз GLUT4 на плазматической 


мембране жировых клеток 
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 Интернализированные везикулы  (эндосомы) становятся
подкисленными (до рН 5,5) под действием Н + АТФазы из-за
работы протонных насосов. Как только рН эндосомы
уменьшается, структура Т-TfR комплекса изменяется и Fe (III)
освобождается от TF-Fe (III). Fe (III) превращается в Fe (II)
под действием редуктазы STEAP3 эндосомы и затем
транспортируется из эндосомы в цитозоль бивалентным
транспортером-1 металла (DMT1)
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рН уменьшается не за счет протонных насосов, а вследствие 
каталитического действия трансферрина, инициируемого  
редуктазой STEAP3 эндосомы (металлоредуктаза STEAP3 - 
металлоредуктаза, способная  переводить железо из нерастворимой (Fe3+) 
в растворимую (Fe2+) форму) 
Наработка пероксид анион-радикалов приводит к сдвигу рН в сторону 
закисления. 
Учитывая квантовый характер действия ассоциатов и их макроскопи-
ческую организацию ассоциаты в составе эндосом и в последующем – 
GSV-везикул формируют нелокальную электродвижущую силу, 
обеспечивающую транспорт везикул к ПМ (механизм – «парус») 
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Лауреаты Нобелевской премии по 
физиологии и медицине 2013 года 
(слева направо: Томас Зюдхоф, Рэнди 
Шекман, Джеймс Ротман) за 
раскрытие механизмов 
везикулярного транспорта: 
везикулы внутри клетки не плавают 
сами по себе, а путешествуют по 
цитоскелету вдоль микротрубочек 
при помощи специальных моторных 
белков — динеина и кинезина. 







 Рахманин Ю.А., Стехин А. А.,
Яковлева Г.В.
БИОФИЗИКА ВОДЫ:
Квантовая нелокальность в
технологиях водоподготовки;
регуляторная роль
ассоциированной воды в
клеточном метаболизме;
нормирование
биоэнергетической
активности питьевой воды.
URSS. 2016. 352 с.
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Выводы и предложения в проект 
Решения конференции 
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• Отношение к нормативам качества воды должно быть изменено в сторону
осознания необходимости резкой смены парадигмы в подходах к ее
нормированию с учетом определяющего значения для здоровья человека
структурно – энергетических и информационных состояний питьевой
воды


• Разработанные структурно – энергетические показатели качества
питьевой воды и приборно – методическая база контроля данных
показателей в практике водоподготовки рекомендуются к изданию в
форме Методических рекомендаций


• Требуются коренные изменения в подходах к оценке безопасности
технологий и промышленной продукции с учетом нового фактора риска
для здоровья и жизни человека – электронного дефицита в окружающей
среде







Спасибо за внимание 


Спасибо за 
внимание 
Будьте здоровы! 
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Objective: To estimate the quality of natural waters, taking into account the geochemical 


characteristics of areas 


Tasks: 


-To define natural regional heterogeneity of the chemical composition of the surface waters 


within the boundaries of basin districts; 


- The use of GIS technology to solve problems highlight areas within which the surface water 


quality is determined by the natural conditions; 


  - The application of biological indicators to assess water quality, taking into account the natural 


features of water bodies. 


The growing shortage of fresh water in the world determines the need for common 


methods of assessment of the quality of natural waters, the development of measures aimed at 


the preservation of natural water fresh and the economical use of water resources. 


The composition of natural waters is determined by the spatial heterogeneity of the 


chemical composition of the natural components of the environment, climatic features of the 


territory, defining the sources of water supply facilities and water flow regime, processes and 


exogenous factors and other natural phenomena. A special role in the formation of surface water 


plays outputs mineral water, mineral deposits, especially ore and placer. The surface water 


bodies within the boundaries of geochemical provinces have high natural concentrations of a 


number of chemical elements, which are significantly higher than the established "fishery" 


PDKrh standards. 


To assess the quality of natural waters, taking into account the geochemical 


characteristics of the territories, authors analyzed the available historical materials 


"dohozyaystvennogo period" and data on the background portion of the hydrographic network, 


do not experience direct economic impact. As a result, for each of the 20 basin districts (BO), 


established by the Water Code of the Russian Federation as the main control unit in the use and 


protection of water bodies, the characteristic  of the chemical composition of river waters and is 


a list of substances for review PDKrh standards, given their high natural content in water bodies. 
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For example, within the borders of the Amur river water BO are characterized by very 


low and low salinity, low hardness, concentrations of major ions significantly lower standards 


PDKrh and mainly calcium bicarbonate composition. The average mineralization characterized 


by the river waters of the Kuril Islands (up to 250-400 mg / l), which drained the slopes of active 


volcanoes or located in an area of intense discharge of mineral waters. Increased (0.5-1 g / L) 


and high (greater than 1 g / l) mineralization observed in the estuarine waters of most parts of the 


county rivers during high tides, and is accompanied by the formation of water chloride-sodium 


type. For some water streams, especially draining marsh areas, fixed weakly acidic medium. 


Everywhere there is a high content of natural organic matter (COD), phenols, ammonia nitrogen, 


phosphates (especially in the fall after spawning salmon), sometimes nitrates. Throughout the 


year there are high concentrations of total iron, copper, zinc, strontium sometimes (Upper 


Amur), vanadium, significantly exceeding standards PDKrh. Some rivers of the Eastern Trans-


Baikal are characterized by high concentrations of arsenic in the water (up to 0.6-0.7 PDKrh), 


silicon, manganese (some of the river. Sakhalin), and so forth. The composition of natural water 


demonstrates the need for revision in the whole district PDKrh standards for phenols , ammonia 


nitrogen, phosphates, iron general, copper, zinc and COD indicator, as well as for individual 


local rivers and river stretches. 


The studies allowed to develop the  methodological approaches, and to make 


recommendations on the use of GIS technology to solve problems of allocation of territories 


within which the surface water quality is determined by natural conditions and factors of its 


formation. The possibilities of building a standard set of thematic layers to develop a prototype 


of hydrochemical maps of the water body taking into account the physical and chemical 


characteristics and the natural features of water bodies BO. In a specific example, a single water 


body (p. Isha, North-Eastern Altai) developed a prototype hydrochemical maps using software 


ArcGISDesktop 10. The rivers of the province is drained taiga landscapes with acid soils and a 


high content of mobile forms of iron. It is determined that the total concentration of natural iron 


significantly exceed standard PDKrh (average 573 g / l). Using GIS technology to optimize the 


work in the areas within which the surface water quality is determined by natural factors. 


The objective evaluation of the quality of natural waters taking into account the natural 


characteristics of the water body is possible only with the joint use of chemical and biological 


indicators. In this regard, along with the assessment of pollution of natural waters, which carries 


Roshydromet on hydrobiological indicators, important are the results of steady long-term 


scientific studies of the composition and level of development groups and communities of 


aquatic organisms in water bodies not subject to or slightly exposed to economic and other 


activities ( natural background). For example, this is upper Amur  river, Selenga, Vilyuya, 
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Anabara, Ivano-Arahleyskaya and Eravno-Harginskaya lake systems and others. The results of 


these studies show a wide range of natural fluctuations in the aquatic development that allow to 


evaluate their natural variability in the conditions of long-term climate change and taking into 


account the peculiarities of geochemical abundance of chemical elements in natural objects. 


The authors of this paper developed guidelines for the establishment of standardized quality 


indicators of natural fresh water within the boundaries of basin districts with a view of the 


geochemical features of the territories, which are recommended for use by public authorities on 


the use and protection of water bodies. 


The recommendations include a proposal to adjust the specific combinatorial index of 


water pollution (UKIZV) regarding nature concentrations os certain substances, to establish 


classes of quality of waters, the allocation of "standard" (natural) natural water bodies or their 


parts, and others. 


The research results can be used to develop common methodological approaches 


evaluating the quality of fresh natural water, especially of transboundary rivers and lakes, and to 


organize of joint research of water bodies BRICS communities. 
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Goal and tasks 
• Evaluation of the quality of natural waters, taking into 


account the geochemical characteristics of areas 
•   - Determination of the natural regional heterogeneity of 


the chemical composition of the surface waters within 
the boundaries of basin districts; 


• - The use of GIS technology to highlight areas within 
which the surface water quality is determined by the 
natural conditions; 


•   - The use of biological indicators to assess water quality, 
taking into account the natural features of water bodies. 
 







In the development of 
environmental quality standards 
for surface waters without fail be 
taken into account regional 
differences in their chemical 
composition, due to natural 
factors 
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Determination of the natural regional heterogeneity of the 
chemical composition of the surface waters within the 
boundaries of basin districts; 
- The use of GIS technology to highlight areas within which the 
surface water quality is determined by the natural conditions; 
  - The use of biological indicators to assess water quality, 
taking into account the natural features of water bodies. 


 
 
 
 


 


In his "History of natural waters" Vernadsky leads the 
classification of natural waters, numbering 485 mineral water 
group, is distributed in 139 families, in turn, gathering in 39 
subkingdoms, which are distributed in 19 kingdoms. The total 
number of types of water, in his opinion, should be increased to 
1,500. 
Regional heterogeneity of the chemical composition of natural 
waters is the result of the major structural features of the 
biosphere - its geochemical heterogeneity. 







1 - 12 Geochemical types of anomalous fields (the dominant elements): 1 - sidero-, 
2 - chalcophilic (Cu, Pb, Zn), 3 - chalcophilic (Au, Ag), 4 - lithophilic (rare) 
5 - lithophilic (the U) 6 - lithophilic (rare earth), 7 - Mixed; 
8 - 12 Borders irregularities AGP 8 - megaprovintsy 9 - provinces, 10 - areas 
11 - megazone; 12 - Federation regions and megazone 







Map geochemical specialization of structural-material 
(Geodynamic) Russian complexes 







 Schematic map Lithogeochemical foundations of the former landscape. 
the USSR. 







Driving hydrogeochemical zoning and indicators of the quality of groundwater 
hydrodynamic upper floors in Russia in natural condition 







Layout of minerals on the territory of Russia 
(shown by the unique, large and some medium-sized deposits) 







Arrangement basin districts established by the 
Water Code Russian Federation 


1) The Baltic; 2) Barents and White Sea; 3) Dvina-Pechora; 4) Dnieper; 5) Don;
6) Kuban; 7) West Caspian; 8) Upper Volga; 9) Oka; 10) Kamsky;


11) Lower Volga; 12) Ural; 13) Verhneobsky; 14) Irtysh; 15) Nizhneobsky;
16) Angara-Baikal; 17) Yenisei; 18) Lena; 19) Anadyr, Kolyma; 20) Amur


Бассейновый 
подход 







Systematization, analysis and synthesis 
information characterizing the regional (spatial) natural 
heterogeneity of the chemical composition of surface 
water allocated, 
natural factors and phenomena which determine its.  


For each river basin district 
held: 
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Systematization, analysis and synthesis of information were 


carried out in the following areas: 


The general conditions for the formation of 
the chemical composition of water, 
- The main factors of the composition of 
water, 
- The chemical composition of surface water 
and its originality, 
- Specific pollutants of surface waters 
Final material: 810 pages, 310 Tables, 271 rice, 778 sources of 
information... 
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Iron and manganese in natural waters of Karelia, mg / l 


Content Iron general Manganese general 


river lake river lake 
minimum 0,02 0,003 0,01 0,001 
maximum 4,6 3,2 2,11 0,86 
average 0,78 0,48 0,12 0,08 
geometric mean 0,52 0,28 0,07 0,05 
PDKrh 0,1 0,01 


Index Natural concentration PDKrh  (PDKgig) 
HPК 18 (15) 
БPК5 2,2 (2) 
Petroleum products 0,03 0,05 
Phenols 0,003–0,005 0,001 
Iron general 0,34–0,54 0,1 
Copper  Сu ? 0,003–0,005 0,001 


Natural concentrations of substances in the 
water of small rivers in Central Russia, the 


years of observation 1996 - 2010 mg / l 







Basin District and water guality, PDKrh reguire 
revision 


Basin 
district 
(BD) 


General characteristics of the surface water, which 
requires accounting for regulations, assessments 


and taxation 


Indicators for 
the revision of 


the PDK on 
BD 


Indicators for the or 
individual rivers and 


baysrevision of the PDK 


The indicators need 
to be clarified 


Are 
characteristic 


pollutants 


Angara-Baikal Formation water composition and hydrochemical mode of 
the rivers flowing into the lake. Baikal occurs mainly 
among igneous or metamorphic rocks of the Archean and 
Proterozoic that defines a very small (50-100 mg/l) and low 
(100-200 mg/l) mineralization of water and hydrocarbon-
calcium composition. In Lake Baikal 45-85 mg/L, and the 
consequent his district. Hangars at the source of no more 
than 97 mg/l , the content of major ions 1-2 orders of 
magnitude lower than the PDK. 
The presence within the catchment area of some rivers of 
sedimentary rocks containing gypsum and sodium 
chloride, causes the formation of water in the rivers 
increased and high salinity with high concentrations of 
sulphates, Ca and Mg. 


 
HPK, BPK5, PО, 
 phenols 


Al, Cu (l. Baikal), 
SO4


2-, Ca2+, Mg2+ (sit karst), 
Feобщ, Cu, Mn (watershed 
Angara), 
Zn, NH4


+, NO2
-, PO4


3- (sit 
watershed Angara) 
Cu, Zn (rives and lake 
Transbaikalia), 
W, Mo, F, Cu, Zn, SO4


2-, 
Feобщ, Pb, V (zones of ore 
deposits) 


petroleum products, 
Mo, Ni, V 


petroleum 
products, Hg, 
Cu, organic  
and nitrogen 
substances, 
formaldehyde, 
Lignin (watersh  
Angara), 
phenols 
petroleum 
products, 
overall Fe, Cu, 
Zn (watershed 
Selenga) 


Amur Surface waters in the natural environment characterized 
by very low and low salinity, concentrations of major ions 
considerably below the PDK, bicarbonate-calcic character. 
The average mineralization characterized by the river 
waters of the Kuril Islands (up to 250-400 mg l), which 
drained the slopes of active volcanoes or located in an area 
of intense discharge of mineral waters. Mineralization of 
0.5-1 and> 1 g / L is observed in estuaries during high tides 
and the formation of water-sodium chloride character. The 
streams draining the swamp fixed weakly acidic medium. 


HPK, phenols, 
NH4


+, PO4
3-, 


Feобщ, Cu, Zn 


NO2
- (for certain spawning 


rivers), 
Mn (Sakhalin island , some 
bodies of water of the Amur 
basin), 
Sr (Upper reaches of the 
the Amur), 
V, Mn (r/. Punchi), 
Мо (Rivers Transbaikalia 
ore zones) 


PO, BPK5, As (some 
bodies of water of the 
Eastern Trans-Baikal) 


HPK, (less 
BPK5), NH4


+, 
NO2


-, overall 
Fe, Cu, Zn, 
phenols,petrole
um products, 
 less Ni, PO4


3-, 
SO4


2-, Mn, Al 


A fragment of the final 
tables 







The list of substances and compounds that 
require revision of existing environmental 


standards of PDKe (draft) 


• Сu, Fe, Mn, Zn, Al, Mg, Hg, Mo, W, Pb,  Co, Sr,
Ni, Sb, V,


• Ca, K,  Na,
• БПК5, ХПК,
• phenols, chlorine, petroleum
• NO2, NH4, PO4 , SO4,
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Assessment of water pollution 
(UKIZV - specific combinatorial index of water pollution 


• Based on the values UKIZV the classification of water
quality with the division into 5 classes of conditionally
clean, slightly polluted to extremely dirty. High
pollution determine the rate of excess "fishery" PDKrh
substances regulations (from 3 to 50 times).


• PDKrh Standards for substances of natural origin and
the connection is established without taking into
account their natural content in the river water.


• On the basis of applying these indicators part of the
river network of the country is significantly
"contaminated."
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• Establishing environmental standards PDKe 
taking into account the natural heterogeneity 
of regional water composition will significantly 
improve the information content evaluation 
system of water pollution observation of the 
state of surface water 


Environmental standards PDKe 
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Application of GIS technology to 
develop PDK standards 


• To identify natural features of the chemical composition of water body of
water within the boundaries of water basins, sub-basins and their
specific areas of need unification and aggregation of information:


• -description of the main parameters of physical and geographical
characteristics of the territory of the Basin District, river basin;


• -identify links physiographic characteristics and indicators of the content
of individual chemicals in water objects;


• - accounting hydro-chemical characteristics of water bodies Basin District;
• -accounting the current ecological status of water objects;
• - estimation of economic activities and other activity in the basin;
• - dentification of abnormal factors and objects of formation of the


chemical composition of surface water (karst, mineral deposits, swamps, 
mineral waters, etc.). 







Using structure the water hydrographic zoning divisions Basin District and 
water management 


• (Order of the Ministry of Natural Resources of the Russian Federation from 25 04.2007, N 111 "On
approval of the Methodology of water management division of the territory of the Russian Federation»)


• ┌─┬─┬─┬─┬─┬─┬─┬─┬─┬─┬─┬─┐
• │0│2│.│1│4│.│0│3│.│0│0│1│
• └─┴─┴─┴─┴─┴─┴─┴─┴─┴─┴─┴─┘
• \ / │ \ / │ \ / │ \  /
• │  │  │  │  │  │  номер водохозяйственного участка
• │  │  │  │  │ \/delimiter
• │  │  │  │  │
• │  │  │  │  \/ code for sub-basins


• │  │  │  │     (00 -  if the division into sub-basins
• absent )
• │  │  │  \/ delimiter
• │  │  \/ river basin code
• │  \/delimiter
• \/ basin District code







Prototype Design of hydrochemical maps of the water 
body 


• In the design of the card should be:
• - define a set of thematic layers and describe


each thematic layer; 
• - select potential sources of informationi;
• - describe the tabular structure of the database


and the relationships between tables; 
• Determine a set of scales and describe how each


of the scales will be presented to geographic
information (lines, points, polygons, surfaces or
tabular attributes, raster).







An example of the development of hydro-chemical maps of the water body. 
Verhneobsky basin district, the river Isha 


Space photo 







An example 
The layer containing the values of Fe in the water area p. Isha and statistics iron 







The basis for the establishment of standard PDK 


• Elevated levels of iron in the surface waters of the rivers of
the North-Eastern Altai (p. Isha, 573 mg / l) due to the fact
that the rivers of the province is drained landscapes with a
high content of mobile forms of Fe - black taiga with acidic
soils, valleys of some rivers swamped province (analysis layers
9,10). 


• Verage value of iron in the water of the river Isha 0.573 m / L,
significantly higher than standard MACs set for water bodies
of water fishery (0.1 mg / l).


• In such cases, the water body must be established standards
defined by natural factors.







In such cases, the water body must be established standards 
defined by natural factors. 


• Professionals working with hydrochemical maps created with GIS
technology, is able to take into account and to visualize a multitude of
natural factors and the characteristics of the river basin / sub-basin /
water management area.


• The proposed approach allows for a particular water management area
within the boundaries of geochemical provinces:


• - vydelit those rivers or portions thereof, in which the water content of
the natural substances above (rarely below) existing "fisheries" PDKrh 
standards 


• - -obosnovat need to establish environmental standards for the PDKe.
• Creating GIS allows to go beyond the standard practices and implement


an integrated approach to solving the problem.







«Clean»       river 


• In accordance with applicable Russian
classification of water quality "pure" river:


• • - is not subject to or slightly exposed to 
anthropogenic impact river / sections of 
rivers, the water of which corresponds to a 
clean and moderately contaminated 
waters, 


• • -udovletvoritelnoe state of the water 
body, when retained the ability to restore 
the natural aquatic ecosystem. 
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Determination of natural background 


 


 
• To highlight not exposed or slightly exposed to economic and 


other activity areas (standards) is a priority of the stationary 
long-term scientific study of the composition and level of 
development groups and communities of aquatic organisms 
in water bodies (eg, portions of river basins of the upper 
Amur, the Selenga, Vilyuya, Anabara , Ivano-Arahleyskoy and 
Eravno-Harginskoy group of lakes Trans-Baikal) 
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Definition of "clean" areas of the river within the boundaries of 
geochemical provinces on biological criteria 


• stored conditions persist of natural reproduction of native
fish species - the highest trophic level of the aquatic
ecosystem, 


• stored conditions of development in benthic  biotops larvae
of amphibotic insects  (Plecoptera, Ehpemeroptera,
Trichoptera) and oligochaetes - indicators of "clean" water, и
dominant groups of makrozoobenthos,


• no chronic toxicity of sediments by the reaction of biological
test objects (methods of bioassay).
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Suggestions 


• Develop a common methodological approach to
assessing the quality of fresh surface water,
taking into account the natural geochemical
heterogeneity of the territories


• Using the experience gained for the
organization of joint research of water bodies
BRICS communities.


•
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Formation of water quality in water bodies occurs under the influence of a sufficiently 
broad set of factors. The most effective approach to the study of these processes is the 
development of mathematical models and the performing of the numerical experiments based on 
these models. The development of mathematical models of these processes is based, primarily, 
on the allocation of the description of the dominating factors responsible for the formation of the 
water quality in the solution of specific problems of water management. The role and nature of 
the individual factors is very much dependent on the spatial - temporal scales of these processes. 
If the goal of the evaluating and forecasting the state of the water body as a whole is set, then 
these scales are the same as the size of the object. Contrary to that, if the goal of regulating the 
permissible exposure, then, in accordance with applicable regulatory guidance documents, linear 
scales can be determined only by the distance to the control zone. 


The situation is the same for the choice of time scales. If the goal of the rapid assessment 
of the water body state in limiting cross-sections of the watercourse as a result of a variety of 
emergency situations is set, then the time scale is chosen on the basis of the typical duration of 
an emergency, and the time to reach the water consumption points. Contrary to that, if the goal 
of assessing the sustainability of considered aquatic ecosystems in the conditions of 
technogenesis is set, the time scale should be determined in a rigorous formulation, at least from 
the duration of the functioning of these man-made sources of exposure. 


In addition to the characteristic spatial and temporal scale of the considered problem, 
accepted scales of averaging of the measured parameters, which are generally continuous 
random fields, are of fundamental importance in the selection of optimal models of the formation 
of water quality. 


Depending on the nature of the specific water-management problem to be solved, a very 
wide variety of spatial and temporal scales can be used for the description and averaging 
reporting processes. For certain scales of the descriptions the dominant factors are hydrodynamic 
factors, the correct description of which is possible within the framework of hydrodynamical 
models. 


There are three clearly distinguished levels of the hydrodynamic models of water bodies. 
The models of zeroth level, including models with a priori assignment of hydrodynamic 


characteristics. 
First of all, zeroth level models include the models that are based on the turbulent 


diffusion model by Shmidt [1] or on its Russian analogue Makkaveev model [2]. In spite of the 
maximal simplification of the Karaushev method [3] developed in the mid-forties on the basis of 
the Makkaveev model [2], it is still often regarded as a sufficiently detailed method [4]. The 
most widely used from this group of methods is the Frolov method [5], developed more than 60 
years ago. The relation obtained by this method with a small addition by Rodziller [6] allowing 
to explicitly solve the inverse problem is still the main relation in solving problems of regulating 
wastewater discharges into watercourses receivers [4]. 







Models of the first level. The appearance of modern computational tools resulted in the 
development of the first-level models which include a separate hydrodynamical unit for the 
calculation of the velocity field characteristics. Depending on the type of the problem statement, 
the models of this level can be implemented in 1D, 2D and even in 3D formulation. Moreover, 
depending on the type of averaging, the models in 2D formulation with depth-averaging (2DV 
"shallow-water" models) or with width-averaging (so-called 2DH models) or the models in 3D 
formulation without averaging are used. 


The coefficients of turbulent diffusion in these models are defined on the basis of some 
semi-empirical relations, the density effects are usually not taken into account.  


At present, the first level models are the main tool for describing the dynamics of water 
quality in water bodies. 


These models are effective enough, unless there are significant variations of the 
calculated characteristics in the plane of averaging. Because of that, they are widely used in a 
broad range of practical problems. Main fundamental limitations of these models - the 
impossibility of taking into account the effects of stratification which means that the considered 
flows should be characterized by neutral buoyancy, and insufficiently correct accounting for  the 
inhomogeneity of the distribution of calculated fields in the flow cross-section. Unfortunately, 
these restrictions appear to be unacceptable for a quite wide range of problems. 


Models of the second level. The most sophisticated are the models of 2 levels, including 
a separate models for the description of the generation and dissipation of turbulent energy. Such 
models are certainly developed in 3D formulation and allow very efficient consideration of 
density effects. 


Differ from the 3D models of the first level implemented on personal computers, the 
software products for the second-level models require for the realization considerably more 
powerful computing tools and are focused on the use of high-performance clusters. The most 
well-known software product that implement the hydrodynamic equations in the 3D formulation 
is Ansys Fluent.  


Hydrodynamic models of the second level in 3D formulation provide the most complete 
and detailed information on the state of the water body in the conditions of intensive 
technologenic impacts. However, the use of 3D models requires not only a very detailed input 
information, but also a very large computational resources. In this regard, we have proposed a 
combined calculation scheme, which includes 1D, 2D, 3D models. In this scheme, on the basis 
of 1D model the hydrodynamic characteristics for the boundary conditions in 2D model are 
calculated, and on the basis of 2D model the hydrodynamic characteristics for the boundary 
conditions in the most complete 3D model. For such large reservoirs, as Kama and Votkinsk, at 
first 1D model is constructed for the whole reservoir, then, for the active technogenesis zones, 
2D model, and then, for areas adjacent to the pollution sources, 3D model. This approach can 
significantly reduce the needed computational resources and, at the same time, to increase the 
accuracy of the calculation.  


On the basis of such schemes we have performed the calculations of the pollution zones 
formed in the rivers in the high magnitude flood period due to washout of contaminated 
floodplain lakes [7] and riverbed quarries, investigated the formation of water quality in the zone 
of confluence of Chusovaya and Sylva rivers, which has the fundamental importance for the 
water supply of Perm city, the formation of thermal pollution zones as a result of one of the 







groups of Perm GRES, and the propagation of highly mineralized (and heavy) brines from the 
potash industry enterprises of Verkhnekamsk deposit of potassium and magnesium salts [8-11]. 
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One of the most effective approach to the investigation of the formation of water quality 
in water bodies is the development of mathematical models and the numerical 
experiments based on these models.  
 


There are three clearly distinguished levels of the hydrodynamic models of water bodies.  
 


The models of zeroth level include the models with a priori assignment of hydrodynamic 
characteristics.  
 


The models of the first level include a separate hydrodynamical unit for calculation of the 
velocity field. They are effective enough and are most widely used for the description of 
the dynamics of water quality in water bodies. 
 


Depending on the type of problem, the models of this level are implemented in 1D 
formulation, in 2D formulation with depth-averaging or width-averaging or in 3D 
formulation without averaging.  
 


Main limitations of the first level models: 
- impossible to take into account the effects of stratification which means that the 
considered flows should be characterized by neutral buoyancy; 
- insufficiently correct accounting for the inhomogeneity of calculated fields in the flow 
cross-section.  
 


These restrictions are unacceptable for a wide range of the problems. 







The most sophisticated are the models of second levels including separate models for 
the description of the generation and dissipation of turbulent energy. Such models 
developed in 3D formulation  allow very efficient consideration of density effects.  
 
Second level models provide most complete and detailed information on the  water body 
state under intensive technologenic impact. However, they require large computational 
resources and very detailed input information.  
 
We developed a combined approach, which includes 1D, 2D, 3D models. In this 
approach, the boundary conditions for 2D model are calculated on the basis of 1D model 
and the boundary conditions for 3D model on the basis of 2D model.  
 
For large reservoirs, such as Kama and Votkinsk, 1D model is constructed for the whole 
reservoir, 2D model for the active technogenesis zones, and 3D model for areas adjacent 
to the pollution sources.  
 
This approach significantly reduces the needed computational resources and, at the 
same time, increases the accuracy of the calculations.  
 
The following problems are analyzed on the basis of combined schemes :  
-- the pollution zones formed in the rivers in the high magnitude flood period due to 
washout of contaminated floodplain lakes and riverbed quarries; 
-- the formation of water quality in the zone of confluence of Chusovaya and Sylva 
rivers, which has the fundamental importance for the water supply of Perm city; 
-- the formation of thermal pollution zones as a result of Perm GRES activity. 







The risk of river pollution due to washout from contaminated 
floodplain water bodies during periods of high magnitude floods  


 
 
The potential impact of high magnitude floods is currently a key concern for many 
populations living near flood zones or relying on water from flood-affected areas.  
 
Studies of the impact of floods generally focus on characterizing flow regimes and 
estimating the possible area inundated by a flood of a given magnitude. However, in 
some cases the critical characteristics of flooding are hydrochemical parameters 
related to changes in the chemical composition of water rather than just hydraulic 
parameters related to the rise in water levels.  
 
Generally, the higher the discharge, the more intensive is the process of dilution, i.e. the 
lower is the concentration of contaminants in water.  
 
However this is not true in the case when flooding activates new sources of water 
pollution, such as contaminated floodplain water bodies. Being reliable and safe at 
small and moderate water discharges, during high magnitude floods such floodplain 
sources can be inundated and limit water consumption by downstream consumers.  
 







Vyatka River near the city 
of Kirov 


We analyze the risk of river pollution due to washout from contaminated floodplain 
water bodies during large magnitude floods by using a section of the Vyatka River near 
the city of Kirov as a study site.  







Vyatka river in the area of contaminated floodplain water bodies 


During the passage of low and medium magnitude floods, the floodplain water bodies are not 
inundated by floodwaters and the pollutants do not enter the Vyatka River.  


During the passage of large magnitude floods, pollutants from these water bodies are washed into 
the Vyatka River. In this case these water bodies should be considered as a potential pollutant 
source posing a risk to downstream water consumers.


Main Kirov water intake is located 21 km downstream of the contaminated floodplain water bodies.


The problem of the prediction of the water quality in the vicinity of water intake taking into account 
the peculiarities of the spring flood passage arises.  


There are several floodplain water bodies 
(lakes and quarries) in the considered area. 


Due to filtration of contaminated groundwater 
into floodplain lakes and quarries they became 
potential source of pollution of the Vyatka 
river.


The concentration of the main pollutant NH4-N 
in the surface layers of the considered water 
bodies is about 600 mg/l and increases with 
depth to about 900 mg/l.  


Water mineralization in the surface layer is ~1 
g/l and near the bottom ~ 2,5-3 g/l. 







Flow velocity above contaminated floodplain water bodies is larger than in the neighbouring 
lowland areas due to essential decrease in hydraulic resistance.  


Combined hydrodynamical approach
- 4 stages of calculations based on application of 1D, 2d and 3D models. 


Stage 1 – because of the rather sparse network, hydraulic characteristics averaged over 
the stream cross-section were estimated using a 1D model constructed for the entire 120 
km long mid-course of the Vyatka River. This model was built using HEC-RAS 4.1 
software for the spring flood scenario of 2012. 
Stage 2 – the calculation of hydrodynamic characteristics of the flow for the selected 40 
km long and 4 km width river domain in the framework of 2D hydrodynamic model using 
the shallow water equations under assumption that the contaminants are passive, i.e. do 
not influence the flow. 
The computational mesh was constructed 
using SMS v.11.1 software. In order to more 
precisely specify the topographic parameters 
we generated variable meshes ranging from 
50 meters to 150 meters from the site 
topography. This consisted of 118342 nodes 
and 41097 quadratic elements, of which 5969 
elements were triangles and 35128 elements 
were tetragons. 


Velocity vector field obtained in the calculations 
of the stage 2 
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ρ0 –  water density in Vyatka river 
ρef – density of contaminated water 
c   – contaminant concentration 


 Dependence of density on concentration 
Parameters 


Stage 3 – 3D numerical modeling of contaminant washout from the 
floodplain water bodies by the flood waves for the domain of depth H=8 m, 
width D=40 m and length L=120 m, which is typical for the examined zone of 
contaminated floodplain water bodies location. 


3D numerical model 
Unsteady approach 
k-ε  model of turbulence 
Species transport model for calculation of concentration 
field 
Accounting for the density stratification effects 







During the first 2 hours fast removal of contaminants from upper layer of water bodies 
of the thickness 3-4 m occurs. Then the second stage starts – slow contaminants 
removal. 


Stage 3. Numerical results 


Vertical cross-section in the middle of the water body along a stretch of the stream: x=0…120 m, y=20 
m, z=0…8 m, cmax=10g/l, v=0.2 m/sec, h=0.5 m 







Temporal variation of contaminant concentration in the zone of 
the Kirov intake obtained from 2D calculations during the fourth 
stage of the analysis; solid line – near the left bank, dashed line – 
near the right bank 


Stage 4 - numerical simulation of the dynamics of propagation of contaminants 
concentration peak downstream along the Vyatka River towards the water intake of 
Kirov city using the flow data obtained during the 2nd stage and the data on the 
dynamics of contaminant washout from the inundated floodplain water bodies obtained 
during the 3rd stage of simulations: the concentration at the input of computational 
domain was taken equal 600 mg/l during the first 2 hours and background concentration 
in the river water equal to 0.1 mg/l over the entire succeeding period of time. 
 


These calculations were performed using 2D hydrodynamical model of the Vyatka River 
within the shallow water approximation. 


Two peaks of contaminants concentration are 
observed. This is related to the fact that at the 
beginning of the water body washout, the bulk of 
the contaminants, moving along the main 
watercourse of the river, reaches the intake area 
rapidly, whereas a smaller part of contaminants 
is kept along the left floodplain zone and reaches 
the water intake area later, creating the second 
smaller peak in the concentration.  







Contaminants concentration distribution during the passage of peak of 
spring flood of 2012, obtained in 2D calculations of the 4-th stage. The time 
moments correspond to 9 and 18 hours from the beginning of the flooding 


Stage 4 – the calculation of the dynamics of propagation of contaminants
concentration peak downstream along the Vyatka River towards the water intake 
of Kirov city using the flow data obtained during the 2nd stage and the data on 
the dynamics of contaminant washout from the inundated floodplain water 
bodies obtained during the 3rd stage of simulations. 







Field measurements 


Combined chronological plot of the 
discharge (black line) and 
contaminant concentration in 
Vyatka river in the vicinity of the 
water intake, at the left (blue line 
and circles) and right (red line and 
squares) banks during the period of 
the spring floods of 2012; day 1 
corresponds to 25 April, 2012  


Field measurements are consistent with the results of the 3D numerical simulations, 
both indicate the presence of two stages of contaminated floodplain water bodies 
washout: (1) rapid washout of contaminants from the water body resulting in the sharp 
increase o contaminants concentration in Vyatka river in the vicinity of water intake and 
(2) slow decrease of contaminants concentration in Vyatka river up to the background 
concentration.   


The measured maximum concentration of pollutants in the zone of the Kirov water 
intake system was 4.8 mg/l, which is close to the calculated value of 6.6 mg/l, 
documenting the effectiveness of the model.  







CONCLUSIONS 1 
 
The calculations in the framework of combined approach have shown that during the 
passage of high magnitude floods unusual situation is observed when water quality in 
large water body becomes substantially worse during the peak of flood. 
 
 


The developed approach allows, using reasonable computational resources, to obtain 
correct data on the dynamics of washout from contaminated floodplain water bodies, 
the dynamics of water pollution in the vicinity of drinking water intake and the duration 
for which intake for drinking water production would have to be put on hold.  
 
 


The approaches considering only low discharges and technogenic accidents as causes 
for river contamination, are insufficient: also washout of contaminated floodplain water 
bodies should be taken into account.  
 







Kama water reservoir 


Numerical and experimental modeling of the peculiarities of the 
formation of density currents in the zone of confluence of two 


rivers with strongly different hydrochemical regimes 







4 
Morphometry data


from Kamskaya HPS 
to Polazna — 40 km; 
from Kamskaya HPS 
to Chusovaya and 
Sylva confluence — 
23 km. 


The distance from Chusovaya and Sylva confluence to the upper reaches of 
Chusovaya is 22 km; from Chusovaya and Sylva confluence to the upper 
reaches of Sylva — 17 km. 


average depth is 15 m. 


reservoir width ranges 
from 1 to 3.5 km. 







Dynamics of monthly average flow rate in the Sylva river at the village 
Podkamennoe (A) and in the Chusovaya river at the urban-type 
settlement Liamino (B) based on the data of multi-year observations. 
The estimates of flow rate in the rivers are calculated using the 
frequency of occurrence shown in % 







6 
The correlations between water hardness, water mineralization and 


flow rate in Sylva and Chusovaya rivers 







Flow rate relation for the Sylva and Chusovaya rivers. Dashed line – the 
corresponding correlation dependence 







3D-model 


Width of Sylva river at the entrance of computational domain ≈ 1744 m 


Width of Chusovaya river at the entrance of computational domain ≈ 1925 m 


Width of Chusovaya river at the computational domain outlet ≈ 3332 m 


Depth of the region ≈ 17 m 


The grid consists of twenty 
unstructured subgrids posing 
in xy-plane. 


Each subgrid consists of 
about twenty thousand 
nodes. 


Subgrid position gathering in 
z-direction to the domain 
bottom. 


The calculations were done 
with two grid: with and 
without morphology 


8 







Isothermal flow with density ρ=(1000.196+0.702 s) kg/m3 where s is the 
mass concentration of admixture. 


Semi-empirical turbulence model – k-ε model or Reynolds Stress model; 
Numerical Scheme – Coupled, SECOND UPWIND. 


3D-model input data 
9 







Vector fields of velocity near the bottom (A), near the surface (B) for case C1 (small flow rate). Colors of 
the vectors correspond to different levels of water mineralization. 
 


 


Strong density stratification in vertical direction is formed and leads to the formation of 
density currents: higher mineralized (more dense) water propagates near the bottom and 
lower mineralized (less dense) water propagates near the upper surface.  
 


Moreover, higher mineralized water of the Sylva river after the confluence with the 
Chusovaya river moves both downstream and upstream of the Chusovaya river. And lower 
mineralized  water of the Chusovaya river moves after the confluence in the upper layer 
both downstream of the Chusovaya river and upstream of the Sylva river.  


A B 







Salinity vortex for case C1. 


The length L of the vortex salinity wedge is very large. 


According to the in-situ measurements, for these flow rates and mineralization, the 
length of the wedge is about 45 km upstream of the Chusovaya river and about 30 
km upstream of the Sylva river.  


The length of the vortex depends on the flow rates and on the difference in the 
mineralizations of two rivers  







Distribution of water mineralization over the cross sections of the 
computational domain for case C1 







Концентрационный вихрь для случая C1 


The depth variation of the specific conductivity in the zone of Sylva and Chusovaya rivers 
confluence along the line A-B-C according to the measurements in March 2012)  







Vector fields of velocity near the bottom (A), near the surface (B) for case C3 (large flow 
rate). Colors of the vectors correspond to different levels of water mineralization. 


The upstream flows are not observed. All over the length of examined area downstream 
from the confluence, the waters of two rivers do not mix in the horizontal direction 
throughout the whole water column.  


More dense (higher mineralized) fluid moves under less dense (lower mineralized). 


A B 







Profiles of the depth distribution of 
water mineralization for case C1. 


black – at the Chusovskoy water 
intake area; 
red – Chusovaya, 5 km upper the 
confluence area; 
blue – at the river confluence area; 
green – Sylva, 5 km upper the 
confluence area. 


17 







Profiles of the depth distribution of water 
mineralization for case C3: 
- black line near Chusovskoy water intake; 
red – Chusovaya, 5 km upper the confluence; 
blue – at the river confluence; 
green – Sylva, 5 km upper the confluence. 


Depth distribution of specific electric conductivity of 
water near Chusovaya water intake 







Conclusions 2 
The peculiarities of the formation of density currents in the zone of confluence of two rivers 
with strongly different hydrochemical regimes have been studied.  


It has been found that the mixing of the waters of two rivers leads to the formation of 
vertical stratification.  


The propagation of vertical stratification of water mineralization upstream from the 
confluence of the rivers is discovered.  


The density currents, producing the effect of the overflow and underflow of water masses of 
two streams, arise due to essential difference in mineralization of water streams in the 
conditions of low flow velocities.  
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Scheme of Kama water reservoir 
Основные данные о Пермской ГРЭС 


Development of combined models for estimation of thermal pollution 
impact of Perm GRES into Kama water reservoir 
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General scheme of Perm GRES 


Характеристика участка  
обследования: 







Coordinates of the points of measurements







Temperature field at the surface of KAMA water 
reservoir from measurements on July 17, 2014 
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points of vertical cross-section 1 
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2. Input data are similar to scenario 1 but the wind South-East 8 m/sec. The goal is to estimate the
probability of the arrival of warm water to the intake channel of GRES. 


3. Most real conditions, “usual" regime of work, 3 working energy blocks. Discharge flow rate  -
42,5 m3/sec (maximal registered discharge flow rate during the time of GRES activity), temperature of 
discharge water - 32,4 0C, temperature of intake water - 21,8 0C. Wind North-West 3 m/sec. Time interval 
of calculations under these conditions 3 days. The goal is to estimate the possible effect in typical regime 
of GRES activity taking into account additional energy block which is under construction. 


4. Input data are similar to scenario 3 but wind is South-East 3 m/sec. The goal is to estimate the
effect of South wind and to analyze the probability of the arrival of warm water to the intake channel of 
GRES. 


5. Random scenario (of low probability). 2 working energy blocks. Discharge flow rate –21,8
m3/sec, temperature of discharge water - 32,4 0C, temperature of intake water - 21,8 0C. Wind North-
West 3 m/sec. Time interval of calculations under these conditions 2 days.  


1. Most unfavorable and low probable conditions, 4 working energy blocks. Discharge flow rate  -
63,0 m3/sec, temperature of discharge water - 32,4 0C, temperature of intake water - 21,8 0C. Wind 
North-West 8 m/sec. Time interval of calculations under these conditions 3 days. The goal is to estimate 
the maximal possible zone of impact to the water reservoir in downstream direction. 


Scenarii for calculations







Velocity vector field  near free surface 


Scenario 1 


Velocity vector field at the depth 5 m 


Velocity vector field at the depth 10 m 


Temperature field (°С) near free surface 


The goal is to estimate the maximal size of thermal pollution zone for most unfavorable conditions 
and extreme meteorological parameters. Discharge flow rate 63.0 m3/s. Wind North-West, 8 m/ s  
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Scenario 1 


Depth temperature distribution in control points 







14 


Velocity vector field near free surface 


Scenario 2 


Velocity vector field at the depth 5 m 


Velocity vector field at the depth 10 m 


Temperature field (°С) near free surface 


The goal is to estimate the probability of the arrival of the discharged warm water into supply channel of 
Perm GRES under extreme meteorological parameters. Flow rate 63.0 m3/s. Wind South-East, 8 m/ s  
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Scenario 2 


Depth temperature distributions in control points 







The square of the areas of higher temperature at different scenarii 







.  


Conclusions 3 
 


3D numerical modeling of thermal spot propagation in the Kama river 
due to the Perm GRES discharge of warm water has been performed for  
different directions and velocities of wind and quantitative 
characteristics of the discharge of warm water. 
 
Significant non-uniformity of depth temperature distribution is found. 
 
It is found that in the presence of wind in the direction opposite to the 
direction of flow in the river 3D vortex of vertical size equal to the river 
depth and horizontal size of the order of distance between intake and 
discharge channels is formed in few hours .  
 
Formation of this vortex results in the motion of thermal spot in the 
direction opposite to the direction of flow in the river.  
 
In this case less than in a day, warm water reaches the water intake 
place of cooling channel.  
 







 


EVALUATION OF THE EXTREME LEVELS OF CHEMICAL POLLUTION FOR THE 


RIVER NETWORK OF URBAN TERRITORIES  


Shelutko V.A.1, 2, Urusova E.S.1   
1 Russian State Hydrometeorological University, Saint-Petersburg 
2 Saint-Petersburg State University, Saint-Petersburg 
 


The aim of this work is territorial evaluation of the extreme levels of rivers 


water pollution for the big cities and industrial zones at the potential emergency 


situations or extreme weather conditions. 


As the initial data in this work are used series of heavy metals concentrations in the 


small rivers of Saint-Petersburg. 


Present investigations of the extreme pollution levels basically are based on 


environmentally acceptable level of the ecosystem capacity. Herewith, as the extreme levels 


are used maximal and minimal values of environmental indicators during the period of 


observations, or values of these indicators with probability 5 and 95 %. Among them, 


probability of observed levels of pollution are often beyond the mentioned limits, and there is 


no guaranties than in future period we will not observe indicators which will be exceed 


observed data. Therefore for more detailed assessment of possible extreme values of 


investigated elements or indicators often are used one or the other probability distribution law. 


Adoption of the distribution law is going on the base of numerical experiments by the 


selection of theoretical law which best agrees with empirical data. For concurrency assessment 


of data series and theoretical distribution law are used the criterion Smirnov-Kolmagorov nω2. 


According to this criterion the most appropriate to describe series of concentrations and flow 


of pollution matters are Pirson III distribution law. 


  From the analysis of probability curves is follows that each of them has from 1 to 3-4 


empirical points which strongly deviate up from theoretical distribution curves.   These so 


called “bouncing points” do not comply with the distribution law of data series and they are 


apparently extreme points.  To verify these conclusions of extreme points are used Dikson 


criterion, which can help to extract “bouncing points”. 


Thus in each series of pollutant concentrations are defined two groups of observed 


data. The first group - the most of data, is determining the distribution law. Apparently this 


group shows regime of river pollution in case of normal working of companies in river 


watershed and in case of normal weather conditions. The second group – “bouncing points”, 


representing a minority of observations, do not match with distribution law of the most of 







 


data. It has previously been shown that this group of points is shows the regime of river 


pollution during emergency charges of pollutants or in extreme weather conditions. At this 


time was shown the necessity of exclusion of “bouncing points” from data series for 


estimation of annual concentrations and annual flow quantities of pollutants. 


No less important the question of studying the “bouncing points”, i.e. the extreme 


values of concentrations in possible emergency situations or extreme weather conditions. 


Direct determination of distribution law for “bouncing points” of the element for each 


individual observational series almost impossible because of insufficient number of empirical 


material. Actually, for each considered series were determined only 1-5 “bouncing points”. 


This is not enough for judgment about distribution law for bouncing concentrations for 


individual observational series. Therefore, has been selected the way based on combination of 


information about “bouncing points” in different rivers. At the first stage of the research we 


had to take the following assumptions: 


1. Values of heavy metals concentrations, which determined by emergency discharges, 


are directly proportional to the average concentrations of these metals in case of normal 


working of companies.  


2. Timing and scale of emergency discharges in different rivers are unrelated when 


they not determined by extreme climate conditions.  


3. Type or shape of distribution law for pollutant concentration for all small rivers are 


the same.  


On the base of these assumptions before combination of information about “bouncing 


points” of individual element in all observational series, the concentrations were normalized 


by average or standard deviation of initial series. The type of distribution law, according to the 


assumptions, was taken identical to type of distribution law for all concentrations of 


individual element. 


These theoretical probability curves of combined series can be used as for estimation 


of “bouncing points” in rivers with observations, or for rivers without observations. 


In first case the values of normalized ordinate of “bouncing points” probability curve 


converts to initial values. It should be noted, that the obtained values of probability determines 


the exceedance probability of excess of certain concentrations or equality to them in the case 


if has been “bouncing points”. In order to obtain the probability of excess of certain “boncing 


points” values at each moment it is necessary to consider the probability of “bouncing points” 


themselves, i.e. determines the probability by multiplication of exceedance probability and  







 


“bouncing points” probability. (in this case the probability of bouncing concentrations of 


copper – 2,7%; manganese – 3,8%; lead – 2,1%) 


In second case, if haven’t observations for river, for “bouncing points” determination 


can be used characteristics of average or standard deviation averaged by the region. In this 


case emission rate can be calculated by the combined series. 


The following conclusions have been obtained on the basis of the research: 


1. In the assessment and calculation of chemical pollution is necessary to do the 


decomposition of observed data in two groups, which determine the state of water bodies in 


case of regular human impact and in emergency case.  


2. Including in to common observed series the “bouncing points” can lead to very 


significant exaggeration of pollutants discharge through observation line in small river.  


3. Due to insufficient information about “bouncing” concentrations of pollutants the 


analysis and calculation of these values is necessary to do by combination of “bouncing 


points” with using the proposed method.  
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The aim of this work is territorial evaluation of the extreme 
levels of rivers water pollution for the big cities and 
industrial zones at the potential emergency situations or 
extreme weather conditions.  


Tasks: 
 Elaboration of theoretical basis of extreme levels estimation of river 


pollutions in big cities and industrial zones on the bace of extreme 
theory; 


  Development of recommendations in identification of “bouncing 
points” in series of pollutants concentrations; 


  Assessment of efficiency of “bouncing points”  extraction during 
calculation of annual concentrations and pollutant flow quantity; 


  Development of investigation method of “bouncing points” genesis; 
  Building of block dynamic-stochastic model of formation and 


calculation of extreme river water pollution.  
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Relevance of the research 


High level of environmental pollution in big cities 
and industrial zones. 
Necessity for developing and creating a more 
strict and evidence-based methods of 
assessment and prediction of ecological 
condition of small river in large cities and 
industrial zones 
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Regime of rivers pollution in urban areas formed 
under the influence of three groups of factors: 
 
1.  Regular and permanent anthropogenic impact 
2.Emergency discharges of pollutions 
3.Extreme weather conditions  


2 and 3 groups of factors determine the extreme values or so called 
“bouncing points” in data series  
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Identification of “bouncing points” 


Probability curve of Common Iron concentrations, station Novosaratovka 
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River nj mj pj value (mkg/dm3) 


Cu (MAC= 1 mkg/dm3) 


Karpovka 33 1 3 42 


Moyka 33 2 6,1 14,18 


Obvodniy kanal 35 1 2,9 12,3 


Ohta 146 4 2,7 100, 180, 240, 275 


Fontanka 35 1 2,9 86,6 


Chernaya rechka 63 1 1,6 41 


Mn (MAC= 10 mkg/dm3) 


Karpovka 16 1 6,2 36 


Moyka 17 1 5,8 106 


Obvodniy kanal 17 1 5,8 36 


Ohta 131 5 3,8 284, 331, 358, 418, 552 


Chernaya rechka 25 4 1,6 92, 96, 98, 140 







Assumptions for block dynamic-stochastic model of 
formation and calculation of extreme river water 
pollution: 


 


1. Values of heavy metals concentrations, which 
determined by emergency discharges, are directly 
proportional to the average concentrations of these 
metals in case of normal working of companies.  


2. Timing and scale of emergency discharges in 
different rivers are unrelated when they not 
determined by extreme climate conditions.  


3. Type or shape of distribution law for pollutant 
concentration for all small rivers are the same.  
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On the base of ergodicity properties carried out the 
integration of information about “bouncing points” for 1 
element in all series 


Evaluation of numerical characteristics of normalized 
“bouncing points” by a combined series 


Element n mt 
standart 
deviation CV CS R1 


Cu 10 4,39 1,81 0,41 0,64 0,72 


Mn 9 3,63 0,89 0,25 1,60 0,03 


Pb 9 4,98 2,80 0,56 1,80 -0,27 
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The normalized concentrations of heavy metals 
“bouncing points” different probability for joint series 


Р, % 
Element 


0,1 1 5 10 25 75 80 90 95 99 99,9 


Cu 15,3 11,3 8,56 7,34 5,63 2,94 2,68 2,08 1,63 0,89 0,21 


Mn 8,63 6,55 4,76 4,22 3,90 3,02 2,93 2,70 2,53 2,26 2,03 


Pb 23,1 15,7 10,6 8,42 5,73 3,11 2,99 2,82 2,76 2,73 2,73 


These theoretical probability curves of combined series can be used as 
for estimation of “bouncing points” in rivers with observations, or for 
rivers without observations.  
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The values of normalized ordinate of “bouncing points” probability 
curve converts to initial values:  


 x jp = x j +σj tjp, 


x jp – concentration of “bouncing point” with probability P in j river, x j – average 
concentration of element in j river, σj – standard deviation of concentrations in j river. 


The values of “bouncing points” of heavy metals 
concentration different probability along the river Ohta 


Р, %
Element


0,1 1 5 10 25 75 80 90 95 99 99,9


Cu 546 407 311 269 208 116 107 85,7 70 56,5 38,7


Mn 809 629 474 428 400 324 316 297 282 258 237


Pb 159 110 77 62,7 45,1 27,9 27,1 26 25,6 25,4 25,4
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Empirical security extreme values of heavy metal 
concentrations in runoff Ohta 


Р, % 
Element 


0,0027 0,027 0,14 0,27 0,675 2,02 2,16 2,43 2,56 2,67 2,7 


Cu 546 407 311 269 208 116 107 85,7 70 56,5 38,7 


In order to get the full probability of exceedance must take into account 
the probability emissions themselves at this point, that is, to determine the 
availability of “bouncing points”. 
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Сonclusions 


1. In the assessment and calculation of chemical pollution 
is necessary to do the decomposition of observed data in 
two groups, which determine the state of water bodies in 
case of regular human impact and in emergency case.  


2. Including in to common observed series the “bouncing 
points” can lead to very significant exaggeration of 
pollutants discharge through observation line in small river.  


3. Due to insufficient information about “bouncing” 
concentrations of pollutants the analysis and calculation of 
these values is necessary to do by combination of 
“bouncing points” with using the proposed method.  
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Thank you for attention 







TRENDS OBSERVED IN PLANKTON OF LAKE BAIKAL DURING MONITORING PROGRAM FOR 


1945-2015 


Eugene A. Silow, Lyudmila S. Krashchuk, Konstantin A. Onuchin, Elena V. Pislegina,  


Olga O. Rusanovskaya and Svetlana V. Shimaraeva 


 Institute of Biology, Irkutsk State University, Irkutsk, Russia 


Introduction. The dynamics of the plankton communities in Lake Baikal are influenced by 


both natural (i.e. natural auto-oscillations of components) and human-induced (i.e. local 


chemical pollution, regional warming, global climate change) factors (Silow et al. 2014). 


Several researchers have focused on the influences of global warming on some current 


parameters of the Lake Baikal ecosystem. Among the findings is an increased water 


temperature at different depths in the lake (Kraemer et al., 2015; O’Reilly et al., 2015). This 


increasing temperature trend has been associated with a noteworthy increase of the summer 


plankton biomass (Hampton et al. 2008; Moore et al. 2009; Izmest’yeva et al. 2011). 


Previous analyses of zooplankton dynamics have highlighted some trends for an increasing 


mass of the zooplankton species Cyclops kolensis Lill., a decreased number of endemic 


Rotifera, and growth of a number of non-endemic Rotifera (Pislegina & Silow 2010). 


The Lake Baikal plankton community consists of two major species communities, namely the 


endemic baikalian group, which usually develops under ice and being called the under-ice 


complex, and the summer–autumn community called the open-water complex (Kozhov, 


1963). The under-ice complex of alga species in Lake Baikal is characterized by an explosive 


under-ice development of endemic diatom algae, with periodic extremely high yields. After 


the under-ice development of phytoplankton, the endemic zooplankton Epischura baicalensis 


Sars and endemic Rotifera increased in number. This process ends with the spring turnover, 


with direct thermal stratification occurring from the middle of July to October. There is a 


mass development of non-endemic phytoplankton, followed by one of zooplankton (both 


endemic Epischura baicalensis Sars and non-endemic Cyclops kolensis Lill., rotifers and 


cladocerans). The cycle ends with the winter turnover and the process is repeated (Kozhov, 


1963; Kozhova & Izmest’eva 1998). 


The present study describes long-term trends of individual plankton species forming under-


ice phytoplankton complexes, as well as an open-water phytoplankton complex and 


zooplankton.  


Materials and method. Plankton samples have been collected since 1945 at least monthly, 


generally every 7–10 days, in depth profiles from the surface to 250 m at a single main 







sampling site (Point #1) in the southern basin offshore 2.7 km from Bol’shie Koty (51°52’48″ 


N; 105°05’02″ E), where the water depth is approximately 800 m. This site is typical of the 


open waters of Lake Baikal, with the seasonal and inter-annual dynamics of the ecosystem 


components being representative of the rest of the lake (Kozhov 1963; Kozhova & 


Izmest’eva 1998). Thin ice prohibits collection in some months, usually January. The water 


temperature was measured with a mercury thermometer in samples retrieved with a Van Dorn 


bottle. The Secchi depth is also routinely measured as an index of overall water quality. 


Measurements of abiotic variables and phytoplankton sampling were conducted at discrete 


depths of 0, 5, 10, 25, 50, 100, 150, 200 and 250 m, using a 10-L Van Dorn bottle. 


Phytoplankton samples were fixed with formalin until 1973, after which Utermohl solution 


was used. The phytoplankton samples are enumerated at the species level with the use of light 


microscope. 


Single zooplankton samples were collected with a closing plankton net (37.5 cm diameter; 


100 µm mesh) from water depths of 0–10, 10–25, 25–50, 50–100, 100–150, 150–200 and 


200–250 m. Zooplankton samples were fixed and stored in formalin throughout the long-term 


monitoring program. The samples were enumerated at the species level and also identified by 


age class with light microscope. 


The biological data were based on averaging data from the top 50 m of the lake, which 


represents the portion of the water column containing the most plankton organisms. The 


annual mean values were derived as the average of the weighted means for the 0–50 m water 


layer for the given year. The zooplankton data are presented as the maximal weighted means 


for the 0–50 m water layer for the year. 


Results and discussions. Summarizing the long-term dynamics of principal species of 


phytoplankton from each (under-ice and open-water) complexes we can note the trends (both 


positive for summer complex and negative for under-ice one) are clearly evident. Analysis of 


the zooplankton number dynamics demonstrates no tendencies for change of total number of 


zooplankton, possibly attributable to the stable number of dominant zooplankton species, 


Epischura baicalensis Sars, representing up to 95% of the total zooplankton number and 


biomass. The same picture is for Cyclops kolensis Lill. Analysis of the numbers of both 


Cladoceran species observed in Lake Baikal (Daphnia longispina O.F. Müller and Bosmina 


longirostris O.F. Müller) indicates a trend of increasing numbers, as well as for summer 


complex rotifers.  


The consequences of anthropogenic influences on the Lake Baikal ecosystem were analyzed 







with mathematical models, taking into account the inputs of nutrients, and toxic and non-


toxic compounds at the end of the 1980s–early 1990s. During this period, industrial and 


agricultural activities were more dominant than at the present time. Based on these model 


predictions, the biomass of under-ice phytoplankton will decrease, while the summer 


phytoplankton and zooplankton will increase (Silow et al. 1995; 2001; Silow 1999). These 


predictions were supported by observations made during the 1990–2000 period (Hampton et 


al. 2008; Moore et al. 2009; Izmest’yeva et al. 2011). 


The summer phytoplankton complex species, some demonstrating positive increases in 


number, are characterized by small biovolumes (from 10 to 150 µm3) (Kozhova & 


Izmest’eva 1998). This finding is consistent with those of other researchers, who reported a 


gradual increase in the proportion of small-sized alga, being attributed to global climate 


change (e.g. Huber et al. 2008). It is noted that global climate change also can cause mass 


development of some zooplankton groups, including cladocerans (Eggermont & Martens 


2011; Fischer et al. 2011). Some of these processes were previously described for Lake 


Baikal (Izmestyeva & Silow 2010; Moore et al. 2009; Pislegina & Silow 2010; Izmest’yeva 


et al. 2011). 


Conclusions. It is emphasized that the predicted consequences of chemical pollution of Lake 


Baikal, and possible plankton shifts attributable to climate change, are practically identical. 


Both cases suggest an increased growth of small-cell phytoplankton and increased 


development of summer phytoplankton, cladocerans and summer rotifers. This prediction is 


consistent with the results of the present study, noting the objective was to compare the time 


of major onset of anthropogenic drivers of change with the observed trends, although without 


success. It appears all three processes commenced relatively simultaneously (i.e. building 


reservoirs, increased industrial activity, possible global climate change influences beginning 


in the 1960–1970 period (Kozhova & Silow 1998; Silow et al. 2014)). Thus, it is not possible 


to unequivocally identify the specific cause(s) of the observed trends. The question remains, 


therefore, of whether the observed plankton situation in Lake Baikal can be attributed to local 


and regional anthropogenic impacts in the form of pollution, the result of global climate 


change, or the effects of natural oscillating processes. 


Acknowledgement. Current research was supported by Ministry of education and science of 


Russian Federation (№ 1354 - 2014/51). 
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Lake Baikal, one of the 
oldest lakes on earth, 
the deepest (1642 m), 
and the largest in 
volume (23,615 km3) of 
all of Earth's freshwater 
bodies, is located nearly 
in the very center of 
Asia, 456 m above sea 
level. Baikal stretches 
for 636 km from the 
southwest to the 
northeast between 
51°28’ and 55°47’ N, 
and 103°43’ and 
109°58’E.  
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The area of Baikal's watershed is over 550,000 km2. Baikal is 
also unique in that its waters are rich in oxygen all the way to 
the bottom of the lake. A large number of the species living in 
Lake Baikal are endemic. 







•  In 1996, Lake Baikal was named a UNESCO 
Heritage Site, with Russia pledging to protect 
it.  


• The functioning of the Baikal ecosystem is 
determined by its pelagic community that is 
responsible for the 90% of material cycling 
and for the 95% of energy flow in the lake. 


• Different factors – natural environmental 
fluctuations as well as anthropogenic causes 
(such as local chemical pollution, regional 
warming, and global changes) – affect Baikal's 
plankton community.  
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• Baikal can actually serve as a unique indicator 
of the entire Earth's state. If the plankton in 
lake Baikal – an ancient, conservative, and 
inertial system – changes due to global 
processes (such as changes in temperature, 
pollution levels, ultraviolet radiation, etc.), 
then these changes are not only real, but are 
groundbreaking and carry global significance.  
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The first research vessel at Baikal – “Chaika”  
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Biological station of Irkutsk University (~1918) 
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Professor Yasnitsky, 
who was the first 
researcher, organized 
the year-round 
investigations of 
plankton in 1926 
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Professor Milhail Kozhov, started regular monitoring of 
plankton in 1945 
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Биостанция 
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• Since February 1945, Institute of Biology of 
Irkutsk State University have sampled 
plankton at weekly intervals, year-round, 
through all seasons (105°05’02” E, 51°52’48” 
N).  







• Phytoplankton is sampled from 0, 5, 10, 25, 50, 100, 
150, 200, 250 m. 
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• Zooplankton is 
sampled from layers 
0-10, 10-25, 25-50, 
50-100, 100-150, 
150-250 m. 
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During ice-free seasons samples are collected from research ship 
“M.M.Kozhov” 
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During ice-cover season samples are taken from ice 
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900 m under the ice  
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Lsake-wide sampling at 
nearly 70 stations 
distributed throughout 
this immense lake 
occurred approximately 
annually  
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Samples of phytoplankton from 0, 5, 10, 25, 50 m 
depths и and zooplankton from 0-10, 10-25, и 25-50 m 


17 


 







Samples 
processing 


• After storing of 
phytoplankton samples for 
sedimentation they are 
processed with microscope 
(439 forms of algae) 
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Samples processing 
• 774 forms of zooplankton 
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• Data are included into 
state of plankton 
database, one of the first 
in the world. 


• It was developed in 
1970th by professor 
Olga M. Kozhova. 
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This unique monitoring program 
has yielded invaluable data 


describing the lake’s environmental 
health and ecology. During the time 


of the observations the basic 
features of seasonal and yearly 


dynamics of the plankton 
community structure are 


established. 
22 







Lake Baikal 
ecosystem 
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Annual Dynamics of Phytoplankton 


Structure of water body Inverted 
stratification 


Spring 
homothermy, 


mixing 


Direct 
stratification 


Autumn 
homothermy, 


mixing 
Month February-April May-June July-September October-


November 
Ice +++ + + 


Complex of algae: Aulacoseira baicalensis, A. skvortzowii, 
Stephanodiscus meyeri, Cyclotella baicalensis, Synedra ulna, S. 


acus, Gymnodinium baicalense, Peridinium baicalense, 
Dinobryon cylindricum 


+++ + + + 


Complex of algae: Monoraphidium pseudomirabile, 
Chrysochromulina parva, Rhodomonas pusilla, Cyclotella 


minuta, Asterionella formosa, Dinobryon sociale, Synechocystis 
limnetica 


+ + +++ + 


+ Observed,  
++ Developed, 
+++ Mass development 
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Annual Dynamics of 
Zooplankton 


Structure of water body   Inverted 
stratification 


Spring homothermy, 
mixing 


Direct stratification Autumn 
homothermy, mixing 


Month February-April May-June July-September October-November 
Ice +++ +  + 


Epischura baicalensis +++ + +++ + 
Cyclops kolensis + + +++ + 


Synchaeta pachypoda, Notholca 
grandis, Notholca intermedia +++    


Keratella quadrata, K. cochlearis, 
Kellicottia longispina, Filinia terminalis ++ + ++ + 


R
o


ti
fe


rs
 


Synchaeta stylata, S. grandis, 
Asplanchna priodonta, Collotheca 


mutabilis 
  +++ + 


Z
o


o
p


la
n


k
to


n
 


Cladocerans   +++ + 
+ Observed,  
++ Developed, 
+++ Mass development 
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Basic Plankton Complex of the 
Lake (extremely simplified) 


ENDEMIC 
• Diatom Phytoplankton


• Winter Rotifers
• Epischura


NON-ENDEMIC 
• Phytoplankton


• Summer Rotifers
• Cyclops
• Cladocerans


Macrohectopus 
Comephorus 


Seal 


BACTERIA 
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Yearly average surface temperature 
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Yearly averaged temperature at 50 
m depth  
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An evaluation of changes in the 
plankton of the lake is complicated 
by the fact that the indicators of its 
condition are highly variable, the 
abundance and biomass of plankton 
in "productive" and "unproductive" 
years differ by a thousand times. 
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Long-term (1951-1999) dynamics 
of plankton biomass (0-50 m)  
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Aulacoseira baicalensis (endemic) 
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Aulacoseira scvorzowii (endemic) 
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Cyclotella minuta (endemic) 
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Koliella longiseta (cosmopolite) 
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Monoraphidium irregulare (cosmopolite) 
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Algae species µm3 Endemic Complex 


Dinophyta 


 


Gymnodinium baicalense Antip. ↓ 13286 
* 


Under-ice 


Chlorophyta 


 


Monoraphidium pseudomirabile (Korschik.) Hindak et Zagorenko ↑ 28 
- 


Summer 


Koliella longiseta (Vischer.) Hind. ↑ 28,6 - Summer 


Chrysophyta 


 


Chrysochromulina parva Lackey ↑ 65,4-86,5 - Summer 


Dynobryon cylindricum Imh. ↑ 300-330 - Under-ice 


Dynobryon sociale Ehr. ↑ 614-725 
- 


Summer 


Cryptophyta 


 


Rhodomonas pusilla (Bachm.) Javor. ↑ 169 
- 


Summer 


Bacillariophyta 


 


Nitzschia acicularis (Kütz.) W.Sm. ↑ 130 - Under-ice 


Synedra acus Kütz. ↑ 1000 - Under-ice 


Aulacoseira scvorzowii Edlund, Stoermer, Taylor ↓ 383-4308 * Under-ice 


Aulacoseira baicalensis (K.Meyer) Simonsen ↓ 5000-20000 * Under-ice 


Stephanodiscus meyeri Genkal et Popovsk. ↓ 357-1321 * Under-ice 


Cyclotella baicalensis (K.Meyer) Skv. ↓ 18968-27510 * Under-ice 


Cyclotella minuta Antip. ↓ 11460 * Under-ice 
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Epischura baicalensis (endemic) 
R² = 0,0474 
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Cyclops kolensis (cosmopolite) 
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R² = 0,0017 
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Daphnia longispina (cosmopolite) 
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R² = 0,0083 
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Bosmina longirostris (cosmopolite) 
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R² = 0,0353 
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Year-round rotifers 
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R² = 0,1808 
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Under ice rotifers (endemics) 
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R² = 0,2098 
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Summer-autumn rotifers 
(cosmopolites) 
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R² = 0,0315 
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The objective of the management of water quality in natural water bodies is the 


development and introduction of environmental measures aimed at strengthening the processes of 


self-purification across the water object, seeing it as an ecosystem in which the processes of 


pollution and self-purification. 


Managing processes of self-purification based on the relationship between bacteria 


and algae. Some planktonic algae, are related to bacteriophages active on the sanitary condition of 


the reservoir by separation of biologically active metabolites. Their introduction is accompanied by 


the flowering of the ponds, which promotes mineralization and disinfection of wastewater, thus the 


introduction of algae can affect the speed of self-purification of small bodies of water, such as bio-


ponds. Possibility of the suppression of blue-green algae with algae-viruses, of protocollie green 


algae – by their endoparasites, and of pathogenic microorganisms – inoculation of the ponds with 


bacteria-antagonists. 


Managing processes of self-purification of the reservoir, based on cultivation of 


aquatic vegetation. Photosynthetic aeration is often superior atmospheric or quite commensurate 


with it. Photosynthetic aeration of the water not only enhances mineralizing organic substances, but 


also accelerates many of the processes of biological oxidation detoxification and thus improves the 


water quality. Aquatic plants are removed from the water not only nutrients, but also hydrocarbons, 


phenol, heavy metals, trace elements, etc., and various impurities, softened water, enriching it with 


oxygen. For example, it was found that the dirty water of the river Rhine can be cleared by slowly 


passing it through continuous thickets of Scirpus lacustris along the channel length of 800 m (day 1 


m2 reeds clears 2-4 m3 of water). At the production facilities utilization of waste water containing 


oil, petroleum products and related pollutants, it is necessary to carry out bioprocessing schemes 


that combine mechanical and natural biological treatment. 
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Managing processes of self-purification of the reservoir based on the filtration and 


sedimentation activity of the animal population water bodies. The purity of the waters is largely 


the result of filtration and sedimentation implemented by zooplankton and benthic crustaceans, 


mollusks, and mosquito larvae, etc. Most of these organisms produce food, filtering from the water 


slurry, conveying it partly into the ground in the form of fecal and pseudofecal lumps, contributing 


to the burial of harmful substances in the bottom. Their work is so intense that Baikal lake 


exceptional purity of its waters is largely the result of the copepods Epischura baicalensis, who the 


year three times percolates all the water of the lake. Freshwater huge filtration work is done by 


bivalve mussels. In the work on the filtration and mineralization the ability of the most common 


types of mainly Dreissena. Great job on lightening water performs zooplankton. At 20 °C 


planktonic crustaceans filtered per day 360 ml of water per 1 mg of the mass; at their usual biomass 


in eutrophic lakes about 3 mg/l the entire volume of water passed through the filter unit in just one 


day. Big in the biological self-purification is also a function of pumping effluent and sedimentation. 


Caused by them stirring the water accelerates the process of mineralization of organic matter and 


biological detoxification of contaminants. Due to the ability of invertebrates and fish to accumulate 


trace elements, heavy metals, including toxic (mercury, lead, arsenic, radioactive elements), their 


concentration in the tissues can in hundreds of thousands of times greater than the contents in water. 


Extremely high in vivo incorporation of pollutants by aquatic organisms and subsequent bio-


sedimentary associated with lowering to the ground dead organisms, represents an independent 


factor in the improvement of water quality, coupled, however, with the deterioration of the 


Toxicological characteristics of the aquatic organisms. 


Managing processes of self-purification of water bodies and increase their 


productivity, based on trophic relationships. Overgrown weeds, if not removed, create 


significant interference in the operation of reservoirs, especially for irrigation and other channels. 


Clogging reduces the capacity of canals and drainage network, dead plants are the cause of their 


secondary contamination. All of these types are light-loving plants and shading of water bodies, in 


particular canals, trees can prevent their development. Extremely effective means of dealing with 


clogging of the channels was herbivorous fishes, particularly the feeding on macrophytes by white 


amur. At the same time a vast network of channels becomes a highly productive fishery grounds. 


Intensive grazing of grass carp macrophytes may enhance eutrophication, because the algae is the 


additional amount of nutrients. Therefore, in some cases, water bodies are useful at the same time 


with the white amur to enter alga-vorous white carp. 


Managing processes of self-purification of the reservoir, based on the creation of bio-


engineered systems on the shores and beaches. Actively and continuously eroded the banks of the 


reservoirs need to be strengthened, but everywhere it is done by means of a continuous fastening of 







slopes, stone or concrete (passive methods of fastening). In addition to the high cost, passive 


methods of adding lead to the biological death of banks. Much cheaper and more durable than so-


called active method of coastal protection – establishment of a sand and gravel beaches between the 


bun spaces. In such spaces, in addition, delayed and on-site mineralized lot of pollution. At the 


same time instead of blurred clay and soil are excellent beaches for bathers, and make them 


pollution are eliminated. Creating bio-engineered systems protect against the destruction of river 


banks, receipt and disposal of surface runoff washed from adjacent areas, is also based on the use of 


biological filter barriers, including certain types of aquatic plants – Phragmites communis Trin, 


Typha angustifolia L., Typha latifolia L, Scirpus lacustris L., etc., shrubs and trees of Salix fragilis 


L., S. acutifolia Willd, S., sarja, S. Abbo L., S. pentandra L., Alnus incana (L.) Moench. A 


significant decrease in the input of organic substances from the banks is achieved by stubbing and 


grassing 15 m strip along the shore and landing 2-3–row windbreaks of spruce, as the litter of 


evergreen woody vegetation compared to deciduous minimum. 


Other ways to control the processes of self-purification of the reservoir and increase 


their bio-productivity include: regulation of flowering in the pond with the use of the antagonism 


of higher plants and plankton, improvement of the oxygen regime of the reservoir by creating 


waterfalls, reducing the input of organic substances from the banks through stubbing and grassing 


15-m stretch along the shore, and then landing two or three-row spruce windbreaks, development of 


biologically viable structures of channels, reservoirs, diversion structures, etc.  


Conclusion. Property of reservoirs self-purification should be used, but the nature of the 


need to help by ceasing to dump waste water and moving to a closed system of industrial water 


supply. The task of environmental protection on bodies of water boils down to using natural 


leverage self-purification activity of communities of aquatic organisms inhabiting the reservoirs to 


direct environmental activities for the preservation of their communities. You need to learn how to 


implement development to activate the natural properties of reservoirs self-purification, to extend 


the work on introduction of aquatic organisms in water bodies with the aim of intensifying the 


processes of self-purification, to manage the processes of overgrowing to be able to amplify it as 


needed to understand what plants and animals are most effective in a particular situation, remove 


the vegetation from the pond before dying. The necessary organization of monitoring on restoration 


of the biological value of water bodies for drinking purposes. Given the crucial role of aquatic 


organisms in the formation of a "biologically pure" water, you should put a question to the 


government of the Russian Federation on the establishment of hydrobiological service of 


organizations responsible for integrated use of water resources of the country. 
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MODERN CRITERIA,  INDEXES,  CATEGORIES  AND QUALITY STANDARDS 
OF BOTTLED DRINKING WATER 


Y.A. Rakhmanin, R.I. Mikhaylova,  I.N.Ryzhova,  A.V.Alekseeva, D.B. Kamenetskaya 
FGBI "SNI HE and EG of A.N.Sysin Russian Ministry of Health, Moscow 


World modern quality criteria accepted for drinking water include: favorability of its 


organoleptic (aesthetic) properties, epidemic and radiation safety, the harmlessness of the chemical 


composition. However, the development of hygienic science and the emergence of the new type of 


the drinking water for the provision of population as the bottled water have determined the need of 


such additional criteria of the assessment as the stability of its quality (since the sale of bottled 


water had increased from a few hours or days up to several months and even years) and 


physiological usefulness of its salt composition (due to the fact that the fully demineralized water is 


not suitable for permanent and unlimited water consumption and can have an adverse effect to 


human health, particularly in the context of a number of specific deficiency of food nutrients). 


For bottled drinking water as one of the basic foods sold through retail network it was 


greatly expanded the list of mandatory controllable indicators related both to diverse chemical 


composition of raw natural bottled water, and with the features of technologies used in their 


production and bottling, as well as the packing material in the different periods and conditions of 


the storage before sale. At present, this control system includes more than 90 regulated rates, which 


increases the guarantee of its quality. 


For the first time in the world in our country there were worked out two categories of the 


bottled drinking water quality considering the analysis of data of the index list,  the concept of 


evaluation of population and individual risks and the Resolution № 5 on July 11, 2000 of the Chief 


State Sanitary Doctor of Russian Federation «About the necessity of correction the macro- and 


microelement composition of drinking water in Russian Federation». There were worked out 24 


indexes of harmful chemicals for the first water category, set more stringent standards than for tap 


potable water supply.  


The highest water category list should contain even more than 31 index (including 24 


indexes for the first water category) and this kind of water shoud not contain xenobiotics of the 1 


and the 2 class of hazard but contains the optimal amount of some nutrients needed for normal vital 


activity  and associated with possible lack of their receipt with food.  And, finally, for water for 


children (for baby food) were added 14 indexes in comparison with the highest category water, 


taking into account the age features of development and child's water consumption. Water features 


categories are shown in Tables 1-3.  







Table 1. The regulated content of halogenated and organic contaminants of water 


Index Safety index of 
drinking water, 
mg / l, not more 


Standards, stricter for bottled drinking water, mg / l, not 
more 


1-st category Highest category For baby food 


Benzo (a) pyrene 0,00001 0,000005* 0,000002 0,000002 


Bromodichlorom
ethane 


0,03 0,01 0,001 0,001 


Bromoform 0,1 0,02 0,001 0,001 


Dibromochlorom
ethane 


0,03 0,01 0,001 0,001 


Formaldehyde  0,05 0,025 0,025 0,025 


Chloroform  0,06 (0,2) 0,03 0,001 0,001 


Carbon 
tetrachloride 


0,002 0,002 0,001 0,001 


Oil 0,1 0,05 0,01 0,01 


Lindane 0,002 0,0005 0,0002 0,0002 


Atrazine 0,002 0,0002 0,0002 0,0002 


DDT (sum of 
isomers) 


0,002 0,0005 0,0005 0,0005 


2.4-D 0,03 0,001 0,001 0,001 


Simazine 1 0,0002 0,0002 0,0002 


Heptachlor 0,05 0,00005 0,00005 0,00005 


Ammonium ion 1,5 0,1 0,05 0,05 


Bromide  0,2 0,2 0,1 0,1 


 
* - in bold (here and below) are specified values, changes in relative previous graphs 
 
 
 
 
 
 
 
 
 
 
 







 
 
Table 2. The regulated content of water mineral components 
 


Index 
 


Safety index of 
drinking water, 
mg/l, not more 


Standards, stricter for bottled drinking water, mg/l, 
not more 


1-st category Highest 
category 


For baby food 


Aluminium (Al) 0,2 (0,5) 0,1 0,1 0,1 


Manganese (Mn)  0,1(0,5) 0,05 0,05 0,05 


Barium (Ba) 0,7 0,7 0,1 0,1 


Arsenic (As) 0,01 0,01 0,006 0,006 


Lead (Pb) 0,01 0,01 0,005 0,005 


Chromium (Cr) 0,05 0,05 0,03 0,03 


Zinc (Zn) 5 5 3 3 


Cadmium (Cd)  0,002 0,001 0,001 0,0005 


Mercury (Hg)  0,001 0,0005 0,0002 0,0001 


Selenium (Se) 0,01 0,01 0,01 0,005 


Sodium (Na) 200 200 100 20 


Boron (B) 0,5 0,5 0,3 0,3 


Sulfates 500 250 150 150 


Chloride 350 250 150 150 


Nitrite (NO2) 3,3 0,5 0,005 0,005 


Nitrate (NO3) 45 20 10 5 


Cyanide 0,07 0,035 0,035 0,035 


 
 
 
 
 
 
 
 
 
 
 
 







 
Table 3. Regulate MPC and optimal concentrations of halogenated and mineral components 
 


Index Safety index of 
drinking water, 
mg/l, not more 


Standards, stricter for bottled drinking water, mg/l, not 
more 


1-st category Highest category For baby food 


Mineralization  1000(1500) 1000 200-500 200-500 


Bicarbonates 
(HCO3) 


400 400 30-400 30-300 


Calcium (Ca) - 130 25-80 25-60 


Magnesium (Mg)  - 50 5-50 5 – 35 


Potassium (K) - 20 2-20 2-10 


Fluoride (F)  1,5 1,5 0,6-1,2 0,6 – 1 


Iodine (J) 0,125 0,125 0,04-0,06 0,04-0,06 


Hardness, mEq/l  7 7 1,5-7 1,5 – 6 


Alkalinity, mEq/l 6,5 6,5 0,5-6,5 0,5 – 5 


 
At present in Russian Federation there are more than 150 kinds of bottled drinking water 


belong to the highest category, and more than 10  to the water for baby food among more than 1000 


names of bottled drinking water.  


There are appeared not only the MPC but the minimum required concentrations of some 


indexes (such as calcium and magnesium) in the drinking water standard of a number of states, for 


example,   Switzerland, France, South Africa. 


 







HYGIENIC  REQUIREMENTS FOR BOTTLED DRINKING WATER QUALITY  


SUPPLIED FOR BABY FOOD 


 
1Mikhaylova R.I, Ryzhova I.N., Alekseeva A.V., 2KOHN I.J. 
1FSBU «NSI HE and HE of. A.N.Sysin» of Russian Ministry of Health, Moscow 
2FSBUS «FNC of Food and Biotechnology», Moscow 


 


  Baby food, especially for the first year of life is one of the key conditions to ensure their 


harmonious growth and development, resistance to adverse environmental factors.  


 The food deficit of major biologically necessary macro- and micronutrients (calcium, 


magnesium, potassium, iodine, fluorine, iron, etc.) is one of the most important factors of the 


development of many diseases (osteoporosis, tooth decay, IDD, anemia, etc.).  


Currently for objective reasons, about 60% of babis (of the total number of the first year children) 


are bottle-fed.  


 There was developed a large number of dry adapted milk mixtures, the preparation which 


requires water recovery. 


 In connection with this the modern food hygiene gives a great attention tof the assessment 


quality and the water safety for the recovery of dry mixtures for baby food.  


 Basic hygiene requirements for baby food water are regulated by two documents: Sanitary 


Norms and Rules 2.1.4.1116-02 «Drinking water. Hygienic requirements of the quality of  bottled 


water.  Quality control» and the Eurasian Economic Community «Uniform sanitary - 


epidemiological and hygienic requirements to goods subject to sanitary-and-epidemiologic 


supervision (control)».   


 Water for baby food is the special kind  of the highest category of bottled water,  taking into 


account the age peculiarities and nutrients needs and baby food structure. 


As a «raw» water to produce water for baby food is using water obtained from underground sources 


that are protected against chemical and biological contamination.  


 Drinking water for baby food (for the recovery of dry mixtures for baby food and drink) has 


high organoleptic properties, it is safe in epidemiological terms, harmless chemical composition and 


radioactive contamination, and meets the criterion of physiological usefulness for micro- and 


macroelement composition (calcium, magnesium, potassium, bicarbonates, iodine, fluorine).  


 Additional requirements for the above mentioned products taking into account of the daily 


norms of the water consumption and the child's body weight from birth to 3 years old are governed 







by «Medical and biological requirements of drinking water for the recovery of dry mixes for baby 


food», are given in Table 1.  


Table 1.  


Additional medical and biological  requirements for the drinking 
water for the recovery of dry mixes for baby food 


 
INDICATORS Safety index of drinking water For baby food 


 


sanitary and toxicological indicators, mg/l, not more: 


Cadmium (Cd)  0,001 0,0005 (    в 2 р) 


Mercury (Hg)  0,0005 0,0001 (    в 2 р) 


Sodium (Na) 200 20 (    в 5 р) 


Nitrate (NO3) 45 5 (    в 2 р) 


Indicators of  physiological usefulness: 


 mg/l, not more in limit 
Mineralization  1000(1500) 200-500 (    в 2 р) 


Potassium (K) - 2-10 (    в 2 р) 


Calcium (Ca) - 25-60 (    в 1,3 р) 


Magnesium (Mg)  - 5-35 (    в 1,4 р) 


Fluoride (F)  1,5 0,6-1 (    в 1,2 р) 


Iodine (J) 0,125 0,04-0,06 (    в 2 р) 


Bicarbonates (HCO3) 400 30-300 (   в 1,3 р) 


Hardness, mEq/l  7 (10) 1,5-6 (    в 1,2 р) 


Alkalinity, mEq/l 6,5 0,5-5 (    в 1,3 р) 


  


 


The need for the bottled drinking water regulation of the highest category is due to the fact that 
there is the huge problem of 85% of Russia's population are iodine- and  fluoride-stortage and 
related them endocrine and stomatiological pathologies. 


 The children’s iodine need is particularly large due to the intensity of metabolic processes.  







 The level of its consumption directly or indirectly  determines the child's possibility to 
actualize the genetic program of intellectual and physical development and to provide the resistance 
to environmental factors and disease.  


 Thyroid hormones stortage of the fetus and babies can lead to irreversible decline of mental 
development, even to cretinism.  


 Not only the child's brain suffers from iodine stortage, but, according to the results of 
numerous studies, the hearing, visual memory and speech. Iodine lack can affect the functioning of 
vital organs: there is noticeable increasing the number of chronic diseases. 


 Bottled water for infant food is controlled by the expanded list of indicators (83) having 
more strict regulations, compared with  central supply systems water.  


 It’s provided the exception of secondary contamination due to migration of chemicals from 
tanks and structural materials, reagents and disinfectants used in raw water treatment.  


 It is prohibited to use the silver and carbon dioxide as the preservatives for the water 
production for baby food. 


 Water for baby food should be produced in glass hermetically sealed bottles with the 
capacity of 0.3, 0.5, 1.0 liters, and also in the consumer packaging in polymer materials permitted 
by the Rospotrebnadzor for packing of liquid food or drinking water capacity of 0.3, 0.5, 1.0, 1.5 , 
5.0 l.  


 The hygienic evaluation of bottled water for baby food must include studies of determine the 
shelf life and after opening the packaging and its subsequent storage (with the lid closed) at the 
temperature between 4 to 250C (with the placement of this information on the label). 


 Thus, it should be provided the high level of technology of water treatment, bottling, 
transportation, storage during of the wholesale and retail trade to ensure the safety and quality of 
packaged drinking water for baby food. 
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CONSUMPTION of MINERAL SUBSTANCES WITH FOODSTUFF, 
mg a day according to the budgetary inspection of families, Goskomstat of 


the Russian Federation 


Mineral  substance  Measure
ment unit Norm  1989 г. 1997 г. 1999 г. 2000 г. 


Calcium  mg 800-1000 
769 


(15%) 
582 


(35%) 
495 


(45%) 
502 


(44%) 


Phosphorus  mg 1200 
1300 


(-) 
1140 
(5%) 


1040 
(13%) 


1050 
(13%) 


magnesium mg 400 
350 


(13%) 
320 


(20%) 
290 


(28%) 
290 


(28%) 


Iodine  mkg 300 
40-80 
(80%) 


40-80 
(80%) 


40-80 
(80%) 


40-80 
(80%) 


Iron  mg 
 


10-18 20 19 17 17 


(  ) - shortage level of receipt in an organism in % of norm 







State Sanitary-Epidemiological Standardisation                                      
of the Russian Federation                                                                       


State Sanitary-Epidemiological Regulations and             Hygienic 
Standards 


 
 
 
 


2.1.4. DRINKING WATER AND WATER SUPPLY OF RESIDENTIAL 
AREAS 


 
 


Drinking Water. 
Hygienic Requirements to the Packed Water Quality. 


Quality Control. 
 
 


Sanitary Regulations and Standards                                                 
SanPiN 2.1.4.1116-02 


 
 
                                                                                                                                             


Official publication                        
      
 
                                                


Ministry of Public Health of the Russian Federation 
Moscow 2002  


 
 







Moscow 
2010 


Eurasian Economic Community 
«Uniform sanitary - 


epidemiological and hygienic 
requirements to goods subject to 


sanitary-and-epidemiologic 
supervision (control) 


4.5. The packed  water used 
for children’s nutrition (in 
case of  artificial baby 
feeding) should satisfy the 
standards by the main 
indicators of   superior-quality 
water and also the following 
additional requirements: 
one should not use silver and 


carbon dioxide as the 
preservatives; 


fluoride-ion content should 
be within 0.6-0.7 mg/l; 


iodide-ion content should be 
within 0.04-0.06 mg/l. 







Terms and definitions  
The drinking water packaged in capacity (fresh water 


with the level of the general mineralization in limits to 1 
g of salts in 1 liter is divided into 2 categories) 


 Safe for health 
 Completely corresponding to 


criteria of usefulness:  
 organoleptic properties,  
 safety in the epidemic and 


radiation relation,  
 harmlessness of the chemical 


composition,  
 steadily keeping the high drinking 


properties 


 Answering to all criteria for waters 
of the first category, and also to 
additional criterion: 


 physiological full value 
 on keeping of the main biologically 


necessary macro - and minerals 
and  


 to more tough standards for a 
number of organoleptic and 
sanitary and toxicological 
indicators. 


First category highest category 







drinking water for 
baby food -  the 
drinking water 
intended for drink 
by children, 
cooking and 
restoration of dry 
products for food 
of children in house 
conditions 







Range of displays of iodscarce diseases 


Life period Potential violations 
Fetus • abortions, still birth  


• congenital anomalies  
• the increased perinatal mortality  
• endemic neurologic cretinism  
• intellectual backwardness, deafness and 


dumbness  
• spastic diplegiya, squint  
• endemic mix dermatosis cretinism  
• hypothyroidism, dwarfism 


Newborns • neonatal craw  
• obvious or sub clinical hypothyroidism 


Children and 
teenagers 


• endemic craw  
• juvenile hypothyroidism  
• violations of intellectual and physical 


development 







INDICATORS Safety index of drinking water   For baby food        
                            


sanitary and toxicological indicators, mg/l, not more: 
Cadmium (Cd)  0,001 0,0005 (    в 2 р)  
Mercury (Hg)  0,0005 0,0001 (    в 2 р)  


Sodium (Na) 200 20 (    в 5 р)  
Nitrate (NO3) 45 5 (    в 2 р)  


Indicators of  physiological usefulness: 
mg/l, not more in limit 


Mineralization  1000(1500) 200-500 (    в 2 р)  
Potassium (K) - 2-10 (    в 2 р)  


Calcium (Ca) - 25-60 (    в 1,3 р)  


Magnesium (Mg)  - 5-35 (    в 1,4 р)  


Fluoride (F)  1,5 0,6-1 (    в 1,2 р)  
Iodine (J) 0,125   0,04-0,06 (    в 2 р)  


Bicarbonates (HCO3) 400 30-300 (   в 1,3 р)  


Hardness, mEq/l  7 (10) 1,5-6 (    в 1,2 р)  
Alkalinity, mEq/l 6,5 0,5-5 (    в 1,3 р)  


Additional medical and biological  requirements for the 
drinking water for the recovery of dry mixes for baby food 







THE NUMBER OF THE PRODUCTIONS PRODUCING THE PACKAGED DRINKING WATER OF 
THE HIGHEST CATEGORY FROM 0 TO 3 YEARS IN TERRITORIAL SUBJECTS OF THE 


RUSSIAN FEDERATION (EDGES, AREAS, THE REPUBLICS, EDGES) 


Northwest 
Federal District 


Central 
Federal District 


South Federal 
District 


Privoljskiy 
Federal 
District 


Ural Federal 
District 


Sybir Federal 
District 


Fareast Federal 
District 


Sankt Petersburg - 
1 


Moscow - 10 Аstrahan’ -1 Nijniy Novgorod 
– 1 


Кurgan -1  Irkutskaya 
oblast’ - 1 


Аmurskaya oblast’   
– 1 


Vologda- 1 Voronej -2 Krasnodarskiy 
kray - 4 


Samara - 2 Sverdlovskaya 
oblast’ - 4 


Кemerovskaya 
oblast’ - 1 


Primorskiy kray- 2 


Novgorod - 1 Ivanovo -1 Stavropolskiy kray-
1 


Bashkortostan -1 Tumenskaya 
oblast’ – 1 


 Кrasnoyarskiy 
kray -1 


Sahalinskaya oblast’  
-1 
 


Kaluga - 1 Rostov -2  
  


Ulyanovsk - 1 Chelyabinskaya 
oblast’ - 1 


Novosibirskaya 
oblast’ - 1 


Kursk - 2 Р. Karacharovo-
Cherkessia –  3 


Vyatskaya oblast’ 
1 


  Buryatia – 1 
  


Lipesk - 4 Р. North Osetya-
Аlania - 1  


  


Tambov – 1   
Tula -1     


EUROPEAN PART OF THE RUSSIAN FEDERATION  
43 – 72,9%  


ASIAN PERT OF THE RUSSIAN 
FEDERATION 16 – 27,1% 
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"Scientific background of rationing water bioenergetic activity» 
 
Slide 1 
 Dear colleagues. Currently, the term "drinking water quality" means its 
chemical, radiological and microbiological safety. Based on these representations 
in the existing water treatment technologies have been used various methods of 
water purification from impurities. As a result of this treatment, the water is clean, 
but biologically inert, that is, loses its biological value as a supplier of electronic 
body. Such water blocking cellular metabolism and in some cases is unsafe. 
 The impact of such treatment on the cellular metabolic processes due to their 
lack of electronic saturation affecting the catalytic and redox processes in the cell. 
 Consequently, electron saturation plays the most significant role in the 
metabolism of the cells. 
 Identified in the study of the biological effect of electrophysical water laws 
amended to allow new products to come the problem of the metabolic disorders 
etiology. 
 Due to the fact that in the existing health requirements for drinking water is 
not an indicator determining water bio-energy state, we offer an introduction to the 
document index, the term "bio-energetic activity in the water", which should 
reflect the state of the electric drinking water properties. 
Slide 2 
 The term "water bio-energetic activity" refers to the electronic saturation of 
water in a non-equilibrium state, in which the anion-radical oxygen species 
contained in the composition of the associated water metastable phase, serve as 
electron carriers and vendors in the cellular structure. 
 The collapse of these water states provides the electrons flow to the body's 
cell receptors. The influx of the electrons in the cell structure supports 
nonequilibrium electrical cells and organ structures and provides control cellular 
processes. 
 Numerous biological and clinical studies of drinking water, conducted over 
the past 20 years, show a significant influence of the electronic state on the 
direction and intensity of cellular processes. 
 Hence the need to assess the bioenergetic properties of drinking water and 
taking into account this indicator during the hygienic assessment of its quality. 
 
Slide 3 
 Based on the clinical and biological research we proposed a methodology for 
assessing for bioenergy activity water quality. This parameterization methodology 
bioenergetic activity is based on the 4-tier system in which as main indicators used 
biocatalytic water activity, redox potentials, the thermodynamic performance and 
structural changes in the water. 







 These figures are chosen in view of the fact, that they reflect both electronic 
and thermodynamic disequilibrium saturation aqueous medium, and structural 
changes in the water as a result of a change in its electronic state. 
 Thus, the rate of biocatalytic activity, determining the content of superoxide 
anion radicals in water indicates the degree of non-equilibrium electronic water 
system, which determines the intensity of the vibrational and conformational 
processes. 
 By indications redox judged electronically water condition, the degree of 
free radical load on the cellular structure and stability of antioxidant protection. 
 The value of the thermodynamic potential indicates the amount of hydration 
energy of protein structures and their ability to conformation. 
 Indicators of the water structural state: the proportion of the water associated 
phase and its energy distribution make it possible to determine not only the degree 
of proteins hydration, but also focus its activating and regulatory actions on the 
intracellular structure. 
Slide 4 
 Based on these indicators is designed to assess the methodological support 
of the water bioenergetic state and set the values of selected indicators at each level 
of the proposed four-tier evaluation system. 
 This water quality assessment system has been tested on more than 50 
different types of drinking water and water treatment. As a result of testing 
revealed that the majority of medical treatment in all investigated indices relates to 
the 4th level of bioenergetic activity and in accordance with clinical studies can be 
used in doses prescribed by a doctor. 
Slide 5 
 Water having bioenergetic activity level I, are aqueous systems with low 
electronic content (water acceptor). Such water is not suitable for permanent use in 
connection with the occurrence of voltage power station cell organelles during its 
consumption and disruption of the work of regulatory mechanisms that lead to 
metabolic disturbances. 
 Potable Water used for drinking-free mode, refer to the II and III level in its 
bioenergy activities. 
Slide 6 
 The waters of the second level have an average electron saturation. Such 
water influence the occurrence of stresses in the metabolic process, are able to 
reduce the level of cells antioxidant protection and promote an imbalance in the 
system of cellular regulation metabolism. 
Slide 7 
 Most useful for the organism drinking water are the third level on bioenergy 
component. Such support is not only water-balanced regulation of cell functions, 
but also ensure stability of the system and inhibit the enzymatic activity of the free 
radical. 







Slide 8 
 On the water bioenergetic state is largely influenced by its water treatment 
technology used. The table in the slide lists the levels of drinking water 
bioenergetic status, subjected to various kinds of water treatment. 
 As can be seen from the above results, the water, which is practically not 
subjected to more processing than mechanical filter, bioenergetic activity has, 
corresponding to 2 and 3-level rating system proposed. 
 Introduction of water treatment processes, at least one additional processing 
step, resulting in decreased bioenergetic activity level of 1-2. The use of 
conventional water treatment stages is accompanied by a loss of water bioenergy 
activities to low-energy state (I level). 
 The most profound effect on the energy state of water have UV radiation, 
ozonation and osmosis. Using natural methods to increase water bio-energetic 
activity does not always lead to a significant increase in the water energy state after 
a complete cycle of water treatment.  
 Basically, this water represents only the lower value of the second bioenergy 
level. Greater effect to increase water bioenergetic activity is achieved by 
administering it supersmall amounts of organic compounds, natural extracts 
performing phase modulation function. 
Slide 9 
 Proceeding from the above, it can be argued that the introduction of 
regulations governing the quality of drinking water, a new measure establishing 
bio-energetic state of the water, not only to determine its biological usefulness, but 
also the development of new water treatment technologies, that ensure its 
bioenergy activities. 
Slide 10 
 Thank you for attention. 
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The term "water bioenergy activity" refers to the 
electronic saturation of water in a non-equilibrium 
state, in which the anion-radical oxygen species 
contained in the composition of the associated water 
metastable phase, serve as electron carriers and 
vendors in the cellular structure 


 


Water bioenergy activity 







Drinking water bioenergetic activity indexes 
Biocatalytic activity, μg / l (peroxide anion concentration - radical HO2


-(*) - an indicator, 
that establishes the degree of water electronic disequilibrium, responsible for the efficiency 
of electron transfer and polypeptide vibrational and conformational processes in biological 
membranes, regulatory proteins and nucleic acids, the work "cell pumps", vesicles transport 
and cells proliferative activity.  
Oxidation - reduction potential, Eh, mV 
Index, assessing the stability of the antioxidant defense system of cells, the degree of free 
radical load on the cell and participate in the launch of cell apoptosis program. 
The thermodynamic potential (dynamic viscosity, μ, cps) 
Index, defining hydrodynamic and rheological properties of the fluid in the body, hydration 
energy influx of protein in cells and their ability to conformational rearrangements. 
Percentage of water associated phase, q,% 
- an exponent protein hydration, laying efficiency of electron transfer and transport 
intracellular metabolites, enzyme and cell organelles activity, an activating effect on the cell 
cycle. 
The energy distribution of the associated water phase (the share of states Δ(qi), rel.units) 
- directivity index of activation and regulatory action on the intracellular structures and the 
selective expression of the DNA operons, that control the cell cycle and cell differentiation. 
  







 
Index’s 


 


Bioenergetic activity levels * 


 
low 


 
middle 


 
high 


extremely 
high 


Biocatalytic activity, μg / l < 10-1 10-1... 1 1... 10 10…40 


Oxidation - reduction 
potential Eh, mV 420…230 230-150 150-50 <-50 


The thermodynamic 
potential (dynamic viscosity, 
μ, cps) 


1,100-0,995 0,995-0,980 0,980-0,970 0,970-0,955 


Percentage of water 
associated phase, q,% 


0,0012…0,4 0,4…0,7 0,7…1,0 >1,0 


The energy distribution of 
the associated water phase 
(the share of states Δ(qi), 
relative units) 


Δ<0,1 
qi>1,0% 


0,25>Δ>0,1 
1,2%>qi>1,0% 


0,15>Δ>0,05 
qi>1,2% 


Δ>0,15 
qi>1,2% 4 


Drinking water bioenergetic activity indexes 







 
Index’s 


Bioenergy activity level 
1 - low 


 
Biocatalytic activity, μg / l 


<0,1 
(stress cells organelles power station, disruption of the regulatory 
mechanisms - metabolic disorders, promotion of suspended cells 
animation) 


Oxidation - reduction 
potential Eh, mV 


       420 - 230  
(low efficiency of the antioxidant defense system, elevated levels 
of aberrations and mitotic activity altered cells) 


The thermodynamic 
potential (dynamic viscosity, 
μ, cps) 


      1,100-0,995 
(reduction of hydration energy, difficulty conformational activity of 
proteins and metabolites transfer)  


 
Percentage of water 
associated phase, q,% 


    0,0012…0,4 
(weakening of intermolecular electron transfer, low 
conformational activity of protein complexes, difficulties in the 
enzyme-substrate interaction, low mitochondrial activity and 
slowing vesicular transport)  


The energy distribution of 
the associated water phase 
(the share of states Δ(qi), 
relative units) 


    Δ<0,1     (qi>1,0%) 
(disturbance to the functioning (operons expression) of the cell 
cycle, a high probability of "passing" restriction point functionally 
altered cells, systemic imbalance in the activity of cell organelles) 







 
Index’s 


Bioenergy activity level 
2 -  middle 


 
Biocatalytic activity, μg / l 


      0,1... 1 
(the occurrence of stresses in the regulatory system of cells, 
leading to a reduction in adaptation reserves)  


Oxidation - reduction potential 
Eh, mV 


       230…150 
(the average level of antioxidant protection of cells, cell damage 
likely) 


The thermodynamic potential 
(dynamic viscosity, μ, cps) 


       0,995…0,980 
(the relative stability of the hydrate structures and difficulties in 
the conformational transitions of proteins) 


 
Percentage of water associated 
phase, q,% 


      0,4…0,7 
(normalization of intermolecular electron transfer, the activation 
of the enzyme-substrate interaction, mitochondrial activity and 
vesicular transport) 


The energy distribution of the 
associated water phase (the 
share of states Δ(qi), relative 
units) 


      0,25>Δ>0,1    (1,2%>qi>1,0%) 
(the emergence of imbalances in the system of regulation of 
cellular metabolism, the presence of resistant dominant states 
organ structures) 







 
Index’s 


Bioenergy activity level 
3 - high 


 
Biocatalytic activity, μg / l 


      1... 10 
(ensure the stable operation of enzymatic catalysis systems at 
optimal levels of cell proliferation activity) 


Oxidation - reduction 
potential Eh, mV 


       150…-50 
(blocking free radical activity and the apoptosis of damaged 
cells) 


The thermodynamic potential 
(dynamic viscosity, μ, cps) 


       0,980…0,970 
(strengthening the stability of the hydrate structures and 
catalysis in the stabilization of conformational processes)  


 
Percentage of water associated 
phase, q,% 


       0,7…1,0 
(a high degree of coupling electron transfer and sustainability 
of intermolecular interaction, mitochondrial activity and 
vesicular transport) 


The energy distribution of the 
associated water phase (the 
share of states Δ(qi), relative 
units) 


     0,15>Δ>0,05 
     (qi>1,2%) 


(balanced regulation of cell functioning and stability of the 
DNA expression and cell cycle)  







Bioenergy Activity of drinking 
water in various water treatment 


technologies 
Used water treatment technology The level of bioenergy 


activity 
Water subjected to only mechanical filtration 2-3  


 
Water treated with the full water treatment 
scheme (UV - radiation, osmotic purification) 


2 
 


Water treated with the full cycle of water 
treatment including ozonation 


1 


Physical water treatment after a complete cycle 
of water conditioning 


2 
(bottom line) 


Water with the introduction Hydrolat after a 
full cleaning cycle 


2  
(upper bound) 







 


∗ Proceeding from the above, it can be argued that 
the introduction of regulations governing the 
quality of drinking water, a new measure, 
establishing bio-energetic state of the water, not 
only to determine its biological usefulness, but also 
the development of new water treatment 
technologies, that ensure its biological activity 
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The Hydrogen-Oxygen Isotopic Composition of Water: “Light 
Drinking Water” – Deuterium-Depleted Water 


A.A. Timakov 


MTK ICEBERG, LLC, Moscow 


e-mail: sig.ddw@gmail.com 
The isotopic composition of natural water depends on the geographical location of 
the water source and varies within a wide range, particularly in terms of content of 
deuterium in water, – from 89 ppm in Antarctic ice water to 160 ppm in Middle 
East waters. In bottled waters around the world, deuterium content ranges from 
125 to 160 ppm, while the variation of oxygen-18 content in bottled waters may 
reach up to 45 ppm [1]. Until recently, it was assumed that natural variations in 
hydrogen and oxygen content in drinking water may not affect water’s consumer 
properties and human health. Thus, natural water purification from heavy isotopes 
would not make sense. However, the research of the last decade puts the matter to 
the question. 


Experimental data on the effect of the isotopic composition of water in animals, as 
well as a number of statistical studies show that, with the decrease of the deuterium 
content in drinking water, the resistance of living organisms, including humans, to 
the damaging influences of different nature and a number of serious diseases 
increases [2, 3]. Thus, the purification of drinking water from deuterium may 
improve the consumer properties of drinking water and reduce morbidity from type 
II diabetes in regions with a high content of deuterium in natural water. 


Deuterium-depleted drinking water has been produced and marketed in several 
countries in Europe, in China, Japan, the United States, and a number of Middle 
East countries. In Russia, this water has been produced under the Langvey brand 
and exported to the EU countries, Japan, and the UAE since 2003. The availability 
of certified laboratories and procedures for measuring the deuterium content in 
water makes it possible to reliably monitor the quality of water for this parameter 
and detect counterfeit products. 


Russia currently holds leadership not only in the production of “light water”, but 
also in the manufacture of modular installations for the purification of natural 
water from deuterium. In 2016, our company launched the serial manufacture of 
such installations under the UCHOVD-1 brand, which opens up possibilities for 
other producers to set up the production of drinking water of superior quality – 
deuterium-depleted drinking water at their facilities. 
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MTC ICEBERG manufactures modul plants for obtaining 
deuterium depleted water – EPWPD-1. Our equipment are 
certified (ТS № RU D-RU.АУ37.V.23843). The plant’s capacity of 
producing distilled water with a residual content of deuterium 
of 50 ppm: 36,000 liters of water per year.
Weight: not more than 2.5 tons.  
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The quality of drinking water - an important factor 
in maintaining health  


   Water must not only meet the 
requirements of chemical composition 
safety, but also  have the necessary level 
of biological activity, determined by its 
physical properties.   
In turn, it is known that the minerals have 
an effect on the physical condition of the 
water. 







 Characteristics  are enough for an objective 


assessment  of the water biological activity   
• the redox potential (electrochemical indicator 


of the water electronic saturation);  
• the  peroxide ion-radical  concentration that  


characterizes the water catalytic activity and 
the binding energy of electrons in the ion-
radical complexes;  


• the dynamic viscosity (an indicator of the 
thermodynamic changes in water);  


• the structuring parameters of water, reflecting 
the content of the structured phase of the 
water bulk density and the size of the phase 
distribution (energy levels).  
 







 Properties of "Micellate"  


 Micellar calcium carbonate with the properties listed below 
has been obtained  from natural chalk, crushed in a ball 
mill and subjected to cold - plasma processing apparatus 
in cavitation 


 
Properties of micelles  
 size 10-5 - 10-7 M,  
 the active surface - up to 300m2 / ml, 
 a high "Zeta - Potential",  
 the surface excess negative charge,  
 high mobility,  
 high activity and reactivity,  
 stability.   
  







A high electric charges from 
compensation on the mineral surface  


  Са2+ 


 


 НСО3
-;СО3


2- 


 СаСО3
- 


Preparation exhibits high adhesion abnormally directed diffusion, autolysis, catalytic    


{(СаСО3)n·nCO32- (n-x)Ca2+}xCa2+ 
{(СаСО3)n·nHCO3- (n-x)Ca2+}xCa2+ 







The effect of microdoses of drug in the drinking water 
for birds and animals       
 The product is environmentally safe, biologically active and effective in  


the fattening and the treatment of farm animals and birds, 
 micellate calcium carbonate  stimulates growth and development of 


animals and birds, when added to the drinking water in small doses: 
intensification promotes metabolism; 


 has a positive effect on the safety of livestock, increases its adaptation 
to stress; 


 positive effect on physiological and biochemical indices and the 
functional state of internal organs, 


 provides a more stable formation of cell immunity, allows the formation 
of "productive health" of the young, and provides realization  of  the 
genetically determined potential to greater extent;  


 accelerates bone formation according to the age of the animal, does not 
lead to the increase of the calcium in the blood above the critical value 
and brings it to its normal level, it promotes the significant reduction of 
the  time necessary for bone healing and restores bones normal 
structure and strength.  







The phenomena that require additional 
research  


  incompatibility of drug doses 
administered with the amount of 
absorption of calcium; 
high efficiency of the drug in the form 


of a compress, remote from the 
fracture site; 
multivalent effect of the drug on 


animals and humans  







 
 


Microaddings of  miсellate calcium 
carbonate change the electrophysical water 


condition.        







Index         Control  Water - 
micellate 


Biocatalytic activity (concentration 
of   НО2


-(*),   mcg/l) 
 


 
<0,01 


 
15-20 


Oxidation - reduction potential  , 
Еh, mV 


224 186 
ΔЕh=-48mV 
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  The  structural and energetic state of the water is changed as  


the result of the activation.   


 Structured (mass fraction of 
phase amorphous ice  – VII, qcр., %) 
 The density of the phase 
distribution , Δqi, RLU   


 
0,2 


 
Δqi = 0 


 for 
 qi > 0,8 


 
0,4 – 0,5 


 
Δqi ≥ 0,10 


 for 
qi > 0,8 


 The thermodynamic parameter 
(viscosity Geller  μ, snpuaz  ) 


 
1,0040 


0,9870 – 
0,9920 


 







 The mechanism of action of the preparation   
 Non-local (in time) activation of water by quantum electron package 


transport under  magnetic vector potential  
 Changing the electrical properties of water (red/ox -  potential, 


viscosity, increasing the structural phase), the stabilization of the 
environment indicators.  


 The increase of the water electric field when the electrons enter  
 Acquisition of the electron-donating ability.  
 The  primary receptors (the outer membrane of specialized  cells – 


erythrocytes and lymphocytes)  are supplied   with  water electrons  
to use them in metabolism subsequently 


 Self-oscillating biophysical and biochemical processes  are 
maintained by delocalized electron system to  coordinate work of 
organs and body systems.  







 Micellate calcium carbonate  use for the 
correction of metabolic disorders   


 When strong metabolic disorders are observed  
the  macroaddings  of the drug are used for 
oral administration and in the form of 
compresses for the limited time. 


  Microaddings correspond to the most active 
and stable states of activated water for a long 
time. It provides polysystemic normalizing effect, 
strengthening of  the body adaptation reserves, 
increase of the  resistance to adverse 
environmental factors     







Micellate-Active  


Dietary supplement Certificate of state 
registration number 
RU.77.99.88.003.E.006004.04.15 from 
04/28/2015) for the prevention of calcium 
deficiency and replenishment.  







 The  preventive and therapeutic action of a registered 


dietary supplement Micellate-Active were studied  in the   
 In THE RUSSIAN MEDICAL ACADEMY OF POST-


DIPLOMA EDUCATION of the Public Health Ministry 
of Russian Federation  


 In the Academician Burdenko Main Military 
Clinical Hospital, Branch   №1, Polyclinic №1 


 In the Russian State University of Physical 
Culture, Sports, Youth and Tourism   







Results of clinical studies have confirmed that using 


Мicellate-Active leads to the following systemic effects  
• Normalization of mineral metabolism; 
• Improvement of biochemical parameters and functional 


state of internal organs; 
• Acceleration of osteogenesis and bone fracture healing 


and stimulation of recovery of their solidity and normal 
structure; 


• Simulation of epithelial tissue regeneration; 
• Improvement of peripheral microcirculation; 
• Increase in the proliferative activity and in the 


intracellular level of free calcium in cultivated 
osteoblasts; 


•  Prevention of appearance of new foci of osteoporosis 
and stimulation of bones for osteointegral 
rearrangement.  







Мicellate-Active  is used as therapeutic courses 
and for prophylaxis of:  


Conditions of calcium deficiency 
(hypocalcaemia), in particular, in diabetes; 


Osteoporosis and osteopenia; 
Damages of bone tissue and fractures; 
Disorders in metabolism including mineral 


metabolism. 







 
 
 


                     Thank you!  







Miсellate calcium carbonate - a regulator of the biological activity of drinking 


water. 
Stekhin AA, Yakovleva GV, IP Pyanzina 


State Organization "Institute of Human Ecology and Environmental Hygiene them. A.N.Sysina" 


Health Ministry of Russia, Moscow, 


Ltd. "SOZIDATEL", Moscow Slide 1. 


Technogenic development of our civilization, industrial pollution of water resources has forced 


to control  chemical composition and the presence of pathogenic microorganisms in  drinking 


water. . However, in recent decades the study of human  and  animals health shows a steady 


increase in diseases associated with metabolic disorders of the body. This phenomenon is due to 


isolation  of live being [lɪv ˈbiːɪŋ] from the natural environment and the impact of various 


technological civilization stressors. The quality of drinking water also plays an important role in 


maintaining health. Water must not only meet the requirements of chemical composition safety, 


but also  have the necessary level of biological activity, determined by its physical properties.   


In turn, it is known that the minerals have an effect on the physical condition of the water. 
 The group of the  scientists  that work in the Sysin Institute of Human Ecology and 


Environmental  Hygiene  has shown that four characteristics  are enough for an objective 


assessment  of the water biological activity.  These are: 


1. - the redox potential (electrochemical indicator of the water electronic saturation);  


2. the  peroxide ion-radical  concentration that  characterizes the water catalytic activity and 


the binding energy of electrons in the ion-radical complexes;  


3. the dynamic viscosity (an indicator of the thermodynamic changes in water);  


4. the structuring parameters of water, reflecting the content of the structured phase of the 


water bulk density and the size of the phase distribution (energy levels).  


 Russian  scientists has developed a new technology that allows to convert poorly soluble 


compounds into the form of colloidal suspensions - disperse systems, intermediate between true 


solutions and coarse powders. Micellar calcium carbonate with the properties listed below has 


been obtained  from natural chalk, crushed in a ball mill and subjected to cold - plasma 


processing apparatus in cavitation   Properties of micelles:  Size 10-5 - 10-7 M, the active surface 


- up to 300m2 / ml, a high "Zeta - Potential", the surface excess negative charge, high mobility, 


high activity and reactivity, stability. 


 Numerous studies of the effect of microdoses of drug in the drinking water have shown that the 


product is environmentally safe, biologically active and effective in  the fattening and the 


treatment of farm animals and birds.  Micellate calcium carbonate  stimulates growth and 







development of animals and birds, when added to the drinking water in small doses: 


intensification promotes metabolism; 


has a positive effect on the safety of livestock, increases its adaptation to stress; 


• positive effect on physiological and biochemical indices and the functional state of 


internal organs, 


•  provides a more stable formation of cell immunity, allows the formation of "productive 


health" of the young, and provides realization  of  the genetically determined potential to 


greater extent;  


•  accelerates bone formation according to the age of the animal, does not lead to the 


increase of the calcium in the blood above the critical value and brings it to its normal level, 


it promotes the significant reduction of the  time necessary for bone healing and restores 


bones normal structure and strength. 


However, to understand the mechanism of action of the drug on the body was not possible, since 


none of the alleged version could not explain the observed phenomena such as incompatibility of 


drug doses administered with the amount of absorption of calcium; high efficiency of the drug in 


the form of a compress, remote from the fracture site; multivalent effect of the drug on animals 


and humans.     


Because the drug is produced as an aqueous slurry, loses its properties during drying, and is also 


introduced into the water or liquid food,  there was speculation about the micelle effect of 


calcium carbonate on the water status. It has been  experimentally established  recently and 


confirmed in practice that microaddings of  miсellate calcium carbonate change the 


electrophysical water condition. The drug   can be treated as the  water activation agent that 


reduces redox potential and  water viscosity. 


The  structural and energetic state of the water is changed as  the result of the activation.  


Peroxide anion radical concentration increases from 0,01 values in control tests to the  level 


about 15-20mkg/l. 


The redox potential value decreases to 50 mV, 


The share of biologically active phase of the associated water increases more than 2 times. 


The absolute viscosity decreases.  


Electrically non-equilibrium water based on micellate calcium carbonate   has an activating 


effect on living organisms by stimulating their vital activity, growth and development. Its unique 


effect on the body  is not connected with  the arrival of additional servings of calcium, but  with 


the electron - donor ability of activated water.   Using micellate for therapeutic and prophylactic 


purposes triggers a cascade of biochemical reactions. 


The mechanism of action of the preparation is as follows. 







 Non-local (in time) activation of water by quantum electron package transport under  


magnetic vector potential  


Changing the electrical properties of water (red/ox -  potential, viscosity, increasing the 


structural phase), the stabilization of the environment indicators.  


The increase of the water electric field when the electrons enter  


Acquisition of the electron-donating ability.  


     The  primary receptors (the outer membrane of specialized  cells – erythrocytes and   


lymphocytes)  are supplied   with  water electrons  to use them in metabolism subsequently 


Self-oscillating biophysical and biochemical processes  are maintained by delocalized electron 


system to  coordinate work of organs and body systems. 


 Micellate calcium carbonate is registered as dietary supplement "Micellate-Active" (certificate 


of state registration number RU.77.99.88.003.E.006004.04.15 from 28/04/2015) for the 


prevention of calcium deficiency and replenishment. On the basis of theoretical and experimental 


studies of the new drug it was suggested to use micellate calcium carbonate  for the correction of 


metabolic disorders. When strong metabolic disorders are observed  the  macroaddings  of the 


drug are used for oral administration and in the form of compresses for the limited time.  


Microaddings correspond to the most active and stable states of activated water for a long time. 


It provides polysystemic normalizing effect, strengthening of  the body adaptation reserves, 


increase of the  resistance to adverse environmental factors.  The  preventive and therapeutic 


action of a registered dietary supplement Micellate were studied  in the Polyclinic №1 of the 


branch №1 FGKU "GVKG . Acad. NN Burdenko, "Russian State University of Physical Culture, 


Sport, Youth and Tourism (Moscow, Russia), the Russian Medical Academy of Postgraduate 


Education (Moscow).  As a result of studies, it was found that the test group patients compared 


with control manifests. The normalization of mineral metabolism..  Improved biochemical 


parameters and the functional state of internal organs.  Strengthening of osteogenesis and bone 


formation in trauma, stimulation to restore their normal structure and density.  Stimulation of 


epithelial regeneration. Improvement of peripheral blood circulation. Increased proliferative 


activity and the level of intracellular calcium in the culture of osteoblasts. 


Preventing the emergence of new points of bone loss and stimulation of  the reconstruction of the 


changed bone tissues. All studies reported   its good tolerability, no side effects and patient 


desire to continue taking the drug at the end of the study. Micellate calcium carbonate is 


recommended for the prevention and treatment of calcium deficiency (hypocalcemia), 


particularly to  patients with diabetes mellitus; osteoporosis and osteopenia; bone damage and 


fractures;  metabolic disorders, including mineral metabolism. 


  







 







Aquahomeopathy, as a solution to the problems of aging and treatment of chronic diseases 
V.Fedorov ( Vasilevsiy), Academician of RANS, D.Sc ( Biology), General Director of LC « 


Firma Thermo-Premier», Moscow , Russia 


 


1. It is not possible to solve the problem of anti – aging (health, longevity) without solving the 
problem of complete cure of chronic pathologies. 


2. Modern traditional medicine (allopathic medicine) considers chronic diseases incurable. 
Allopathic medicine is a great ancient science, main part of the state medicine. It exists in 
hospital, health centers, diagnostic centers, etc. All the people really need this medicine because 
it can cure a lot of things. However, all this medicine, with all its academies, academicians, 
doctors and professor is powerless against chronic diseases. It is so powerless that it fails to cure 
not only presidents, kings and prime ministers, but more than that, allopathic cannot cure 
themselves and their families, their children and loved ones. Since this medicine cures only 
symptoms and this quickly brings people the grave. This confirms the fact that anti- aging 
allopathic solution is impossible. Allopathic way of solving problems of anti – aging leads to a 
waste of time and money. 


3. Besides, we have to note that problems cannot be solved not only in Russia, but all over the 
world. In that way, all the attempts of wealthy people to get   treatment abroad (Israel, Germany, 
England, Tibet, ets.) are useless. 


4. Studies, carried out by the Academy of Medical Sciences shower that the main cause of 
chronic pathologies and the aging process is disturbed water- salt metabolism, which leads to cell 
dehydration and violation of normal bio- chemical process in the cell. In other words, if the cell 
is well hydrated, there should not be any chronic processes as well as ageing. This constitutes 
our hypothesis. 


5. In order to find a substance that would not only allow the cell to get hydrated but purified, 
analysis of the effects of three types of liquid on the organism was carried out . In particular: 
mineral water, drinking standard water, dew water (dew, rain, ets.). Mineral water is an 
allopathic liquid that belongs generally to the class of hyperosmolar that not only fail to hydrate 
the cell, but often leads to dehydration. Drinking standard hydrates cells badly and it is 
practically not involved in purifying cells, which leads to chronicle diseases and aging. Dew 
water is hyposmotic liquids with dew molecules. These liquids hydrate cells very well and 
creating hyposmotic waves in the extracellular space, lead to effective purifying of the cells. 


6. Basic provisions of aquahomeopathy:  


6.1. To ensure sustainable immunity to chronic pathologies and aging processes biochemical 
processes should undergo in well hydrated, cells on a clean background (with minimal 
intoxication). 


6.2. The process of treatment and prevention is provided with the use of dosed aquahomeopathic 
liquid that creates a wave that changes the osmolality from hypo- osmolality to hyperosmolar 
state in the extracellular space. 


6.3. When osmolarity in the extracellular space is lowered, the cell sucks in (absorbs) liquid, and 
when passing the hyperosmolar phase, it ejaculates liquid. This is how the cell is hydrated and 
purified. The blockade of antidiuretic hormone creates additional diuresis, which allows to 
excrete excess salt and products of intoxication. 


  







7. Extensive 20- years testing of this method on chronic and elderly patents in Russia and abroad 
has show sustainable result of the treatment of incurable, from the point view of allopathy, 
diseases (such as parkinsonism, pancreatitis, cholecystitis, hypostasis and arthritis, urolithiasis, 
oncological diseases, asthma, allergy and diathesis, early and late toxemia in pregnancy). In 
addition, active inhibition of aging processes, starting with the first day of using 
aquahomeopathic liquid « God’s dew» was noted. A good example is the author of this article, 
his biological age is 50 and in fact he is 70.


 


            При C<C опт                      при С> C опт 


 


P-probability of chronic diseases 


C-total volume of salts in useful elements 


C opt – salinity, that creates an optimal level of hydration and purification of cells 


 


8. Gained statistical material allowed us to make an anti- aging formula that represents the 
probability of developing chronic diseases and processes of aging depending on the content of 
salts in drinking liquids.  


This formula shows that the decrease of the salinity of drinking water leads to a decrease of the 
probability of these two processes, and at a point (C opt) there is no possibility of such processes. 
In other words, the body not only develops no diseases, but does not get old as well. However, it 
should be noted that the withdrawal from that point to the direction of smaller salinity again 
leads to an increase of the probability of development of chronic diseases as well as the 
processes of aging. This is due primarily to the so- called cell overhydration.  


 It is not that hard to have good health and live happily. It does not take a lot of money, surgeries 
and medicine. All you need is just a little help for your health. Drink water « God’s dew» and let 
the years pass without making any imprint on you. 







Aquahomeopathy, as a 
solution to the problems of 


aging and treatment of 
chronic diseases   


 
You cannot solve a problem 


of anti-aging without the 
correct approach to 
treatment of chronic 


diseases 







     


 Modern conventional medicine believes these illnesses 
to be incurable. They are really incurable as this 
medicine (allopathic medicine) treats only the 
symptoms and quickly drives a human to the grave, thus 
confirming that the aging process is irreversible. 







     Allopathic medicine is a great ancient science, the main 
part of the state medicine. It consists of hospitals, health 
and diagnostic centers, etc. People really need this area of 
medicine and it has much to offer. However, this giant with 
all its academies, academicians, doctors and professors, is 
helpless in the face of chronic diseases. It is so weak that it 
fails to cure not only presidents, kings and prime ministers, 
but doctors can’t cure even themselves, their families, 
children and beloved, without mentioning the common 
people who come to them, pay money, waste their time, 
and most significantly, these visits do not bring any results 
and people are increasingly losing health!!! 







    


    In addition, it should be noted that this problem is 
incurable not only here in Russia, but throughout the 
world. Therefore, naive attempts of our oligarchs and 
wealthy people in general to find a cure for their big 
money abroad (Israel, Germany, China, Tibet, etc.) is 
useless.  







    Having set a task of finding a means to prevent the 
aging process, we have conducted a research based 


on the fundamental works of the Russian Academy of 
Medical Sciences, which showed that the main cause 


of chronic diseases is a violation of the water-salt 
metabolism, which leads to dehydration of cells and 


prevents healthy biochemical process in them.  
In other words, if a cell is well hydrated and 


biochemical processes in its background are pure, 
then chronic diseases, as well as the aging process, 


should not arise.  
 


THIS IS OUR BASIC HYPOTHETIC ASSUMPTION. 
 







    In order to find a tool that would provide not 
only good hydration of a cell, but also clear it, 
we have analyzed the impact of the naturally 
occurring and used by human liquids on its 


body. These liquids we conventionally divide 
into three types: 


 
1. MINERAL WATER  


2. DRINKING STANDARD  
3. DEW TYPE WATER (DEW, RAIN, ETC.) 


 
 







MINERAL WATER 


Mineral water is almost a medicine, 
long-term use of which is almost 
unacceptable for a human, because of 
the risk of occurrence of side effects. It 
belongs to the category of 
aquaallopathic liquids meant primarily 
for the treatment of symptoms. 
Furthermore, mineral waters are 
mainly hyperosmolar liquids that not 
only fail to rehydrate the cells but also 
lead to dehydration. 
 







DRINKING STANDARD 
 
 Common and widely used 
drinking standard 
constituting the bulk of 
drinking diet of all humanity 
on the Earth poorly hydrates 
the cells and plays a small 
part in the cleaning effect 
and that’s why it leads to 
chronicle diseases and its 
consumers’ aging. 







 
 
 
 
 
 
 
 


DEW TYPE WATER 


 The dew type water represents the 
hyporosmolar liquids and often 
contains a dew molecule, which 
hydrates the cells very well and 
produces hyporosmolar wave in the 
extracellular environment that as a 
result leads to an effective process of 
purifying the cells. 
 
 
 
 
 
 
 







 The area of medicine dealing 
with the use of dew type water 
for treatment of chronic 
diseases and aging inhibition 
was named Aquahomeopathy. 
The author of this area is the 
academician of the Russian 
Academy of Natural Sciences 
Fedorov Vladimir Vasilievich.  
 
 
 
 
 







                   
 The main provisions of Aquahomeopathy      . 


 
 1. To ensure the stable immunity against chronic diseases and the aging 


process, the cellular biochemical processes should proceed in a fairly well 
hydrated cell on a clean background (with a minimum level of intoxication). 
2. To ensure the first condition it is necessary to use the Aquahomeopathic 
liquid (Hyposmolar liquid with homeopathic solution of high potency salts 


and a dew molecule).  
3. The process of treatment and prevention is achieved by metered use of 


aquahomeopathic liquid that creates an osmolarity wave in the extracellular 
environment which changes from hypo (A) to hyporosmolar state (B). With a 
decrease of the osmolarity (A) in the extracellular environment the cell sucks 


in liquid. And while passing the hyporosmolar phase (B) it extracts liquid 
from itself. In other words, hydration of the cell and its rinsing occurs. 
4. Since the use of aquahomeopathic liquid leads to the blockade of 


production of antidiuretic hormone, the emerging diuresis enables the 
excretion of excess salts and food intoxication products. 


 







                   
 
 
 


Hypo- and hyperosmolar 
phases 


     A (hyposmolar phase of the                         В (hyperosmolar phase of 
    extracellular environment)                        the extracellular environment) 







  
 


The extensive 22-years-long testing of this method for 
chronic patients in Russia and not only here has showed 
stable results for the treatment of incurable (in terms of 


allopathic medicine) diseases, such as Parkinson's 
disease, pancreatitis, cholecystitis, edema, arthrosis, 


osteochondrosis, urolithiasis, oncology, bronchial 
spasmodic asthma, allergy, diathesis, early and late 
toxemia of pregnancy, etc. In addition, there was an 


active inhibition of aging from the very first day of use of 
aquahomeopathic liquid (the used variants of translation 


into English trademark «Божья Роса» -“God’s dew” or 
“Divine dew”). Further in the text - “Divine dew”. To 


confirm this fact, we single out two outstanding examples 
out of many others. 


 
 







 
 
 


 


 Almost a 22-year-long experiment has showed that the effect of 
aquahomeopathic product of “Divine dew” trademark (on Russian-
«Божья Роса»).  can significantly slow down the progress of biological 
aging. We bring to your attention the results of this experiment. The 
academician, Doctor of Biological Sciences Fedorov V.V., who was one of 
the testees, has been regularly applying this product, both for internal 
and external use for almost 22 years. 


 
 


Here are the results 
 


 that 
 


we have as of today! 
 
 


At the age of 70. 







 When comparing the pictures of men of the same age (70 years old) 
we can see a significant difference between the testee and the other 
men in terms of state of the skin not only on the face but also on the 
body. In these examples, you can definitely see the effects of a 
temporary factor, the aging process has left bright enough marks. 







 When proceeding to the other group of 50 years old persons, we can see that the 
impact of temporary factor had already left their first marks. These people can 
stop time using the water “Divine dew”. Meanwhile, as for the state of their skin 
on the face and body, they are closer to the testee than the previous group, which 
obviously shows the active inhibition of biological aging of the testee due to using 
the water “Divine dew”(on Russian-«Божья Роса»). 







 Meanwhile, there is another picture of the age group of 40 
years, which can also be considered and compared with the 
condition and health of the testee - they are very similar in 
appearance 


 To summarize, we can say that the process of biological aging of 
the testee (Fedorov V.V.) was stopped due to the usage of 
Aquahomeopathy (water “Divine dew”, and on Russian-«Божья 
Роса») and now it is on the age level of 43-48 years. Namely, he 
has “become 22 years-younger”. 







Bright example of effect of “Divine Dew” water, Fedorova Serafima 
Vasilyevna (this year 92 years were executed) drinks “Divine Dew” 
water 18 years, feels well, leads active lifestyle, works in a kitchen 


garden, communicates with grandsons, isn't ill. Though 18 years ago, 
doctors didn't give it and month of life, diagnosing Parkinson's illness, 


acute pancreatitis, a cholecystitis, a hypertonia and an dementia. It 
was constantly excruciated by giddiness. Two once a day I called an 
ambulance. She was afraid to leave the house. And now one moves 


freely across all Moscow. 
Be convinced of it, to be healthy - it is simple. 







 The age of 90 is an advanced age both in Russia and all around the world too. A person 
who had lived to such great years is considered a long-liver. Although the real life 
expectancy of a human is 100 years or even more, it is considered to be a great success to 
live up to the age of 70. The reason is in the wide range of chronic and age-related 
diseases that are acquired and preserved in the human body during the period of his 
vigorous activity. As well as poor environment and poor diet leads to “failures” of the 
human body at the cellular level. Diseases accumulate and modern medicine only reserves 
the symptoms and the vast majority of people lose efficiency as they reach their 60. The 
joy of communicating with their grandchildren and happy oldness changes into a hospital 
bed and a bunch of medicines. It is not surprising that in such a rhythm the mortality 
statistics (especially men’s) over the age of 60 is extremely high. Today we are trying to 
show everyone by our personal example that after the age of 60 and even at 90 the life 
may be productive, active and happy. We have been conducting the experiment for 22 
years yet and the result is obvious. 







For comparison, we will give an example of photos of 
people of 80-90 years that it would be possible to feel a 


difference. 







Skin of the person, the good indicator of health of an 
organism, it is always possible to tell both age of the 
person and quantity of his diseases from the face. As 


they say - the result is available. 







P – probability of emergence 
of chronic diseases and 
aging signs 
C – the general salinity of 
useful elements in water 
Copt(«immortality point»)– 
the salinity creating an 
optimum level of hydration 
and  purification of cell 


        Skin of the person, the good indicator of health of an 
organism, it is always possible to tell both age of the person 
and quantity of his diseases from the face. As they say - the 
result is available. 







     
 


The graphic shows that the possibility 
of emergence of chronic diseases and 


the aging process decreases when 
salinity of used drinking diet pulls 


down and reaches a minimum value 
at the optimum salt content ensuring 


the maximum hydration and 
purification of cells. 







Comparison of the Swedish and Russian 
medicine 


King of Sweden Carl XVI Gustaf    and             Vladimir Fedorov 


Are age-mates.  
Both were born in 1946.  


Vladimir Fedorov since 1995 drinks 
“Divine dew”.  







     
 
 
 
 
 
 
 
 
If you want to learn more about the water “Divine dew” trademark (on 
Russian-«Божья Роса»). and the method of Aquahomeopathy using, 
read a book by Academician Fedorov V.V. in the Russian and English 
languages "AQUAVITALOGY or Water “God’s dew” (or “Divine dew”) 
guards the health of the nation» на страже здоровья нации" 
(published by «Dilya») or visit the website of the company: 
www.vodarosa.ru 
  







    It is not so difficult to stay healthy and live happily 
ever after, you do not need to spend a lot of money 
and undergo complex surgeries or medicines, you 
just need to help your body a little.  


DRINK WATER “DIVINE DEW” 
 (ON RUSSIAN-«БОЖЬЯ РОСА») AND LET THE YEARS FLY BY WITHOUT 


TOUCHING YOU... 
 







 
 


CONCLUSIONS: 
 
 1. It is impossible to solve the problem of anti-aging relying 


only on the base of allopathic medicine. 
2. It is impossible to solve the problem of anti-aging using 


only drinking standard in your drinking diet. 
3. Prevention and treatment of chronic diseases should base 
on the optimal use of all three pillars – allopathic medicines, 
homeopathy and aquahomeopathy. Doctors should master 


all these three areas. Modern medicine needs a lot of 
reformation for active use of all three areas. It is extremely 


essential to ensure a high level health of the nation.  
4. Aquahomeopathy can effectively treat "incurable" (in 


terms of allopathic medicine) chronic diseases and 
successfully slows down the aging processes.  


 
 







    
  5. It is imperative to include aquahomeopathic liquids in 


the drinking diet (“Divine dew” trademark, and on 
Russian-«Божья Роса»).  to solve the problem of anti-


aging. 
6. A 22-year-long experiment confirmed the hypothesis 


about the possibility of treatment of chronic diseases and 
aging deceleration with the help of aquahomeopathy 


method.  
7. The possibility of emerging the chronic diseases and 


the aging process decreases when salinity of the drinking 
diet pulls down and reaches a minimum value at the 
optimum salt content, thus ensuring the maximum 


hydration and purification of cells. 
 
 







CONTACTS: 
 


LTD “FIRM TERMO-PREMIER” 
75,4 Lihachevsky lane, Moscow 


Telefon: 
+7 (925) 502 24 72 
+7 (925) 502 44 92 
+7(499) 745 73 18 
+7 (499) 745 71 42 
+7(499) 153 46 61 


 
Web: www.vodarosa.ru 


E-mail: sale@vodarosa.ru 



http://www.vodarosa.ru/
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 Reactive oxygen species play an important role in life processes. On 
the one hand, causing DNA damage, leading to premature aging and 
the development of various pathologies, on the other - are necessary 
for normal cell activity. Determination of antioxidants in foods and 
biological fluids is an important analytical task. 
 


 Increasing water turnover subjected processed by various physical 
methods raises the question of the study of the physiological value 
of such water. Recently, the question is raised about the antioxidant 
activity (AOA) of water as an important indicator of its quality. 
 


 Widespread electrochemical activation of water. To monitor the 
effectiveness of treatment using the oxidation potential value 
obtained by direct measurement on a platinum electrode. Water 
from the cathode space in such measurements has a negative redox 
potential. It is believed that the catholyte is an antioxidant, but a 
number of experimental data does not confirm this assumption. 







METHODS FOR THE DETERMINATION OF WATER ANTIOXIDANT  
ACTIVITY (AOA). 


The kinetic method based on detection of the rate of accumulation of adrenaline auto-
oxidation of the product:  


V = АОА = (Dt – D0)/∆t x 100,  
where D0 - optical density immediately after the introduction of adrenaline, Dt - the optical 
density after a time interval Δt (Δt = 4 -6) AOA expressed in conventional units. 
Potentiometric method using a mediator system[K3Fe(CN)6]/ [K4Fe(CN)6]:  


АОА = (СOX – αCRed) (1 +α)-1 


α = 10(E
1 – E)/b CRed/COx.  b = 2,3RT/nF, 


where Е и Е1 – values of the oxidation - reduction potential before and after administration 
of the test substance, CRed и COx - Concentration of reduced and oxidized forms of the 
mediator. AOA expressed in mol-eq / l. 
Spectrophotometric system with mediator [K3Fe(CN)6]/ [K4Fe(CN)6]:  


АОА = (D0 - Di)/1035,  
where D0 – absorbance of the blank, D0 – the optical density of the sample. AOA expressed 
in mol-eq / l. 







Bottled water in order to increase optical 
density: Shishkin Les, Svjatoj Istochnik 
, Arkhyz, BioVita, Evian, BonAqua 


  
Distilled water, tap water anolyte, catholyte tap 
water, tap water 


 Dependence of the optical density (λ = 347 nm) from the time.  







Sample Conductivity, мкСм Optical density 254 
нм 


Optical density 
220 нм 


АОА, 
conventional 


unit 


bottled water 
Arkhyz 283,7 0,001 0,050 2,52 ± 0,21 


Svjatoj Istochnik 313,5 0,008 0,022 2,33 ± 0,14 
BonAqua 445,0 0,011 0,135 3,45 ± 0,26 


Evian 593,0 0,001 0,233 2,94 ± 0,16 
BioVita 749,0 0,024 0,638 2,78 ± 0,37 


Shishkin Les 758,0 0,014 0,340 0,25± 0,05 
Malishka 521,0 0,003 0,069 1,87 ± 009 


Natural water sources 
Tikhonova Pustin 492 0,017 0,301 2,58 ± 0,013 


Kurgani 486 0,008 1,474 1,95 ± 0,011 


Physico-chemical properties of bottled water 







Physico-chemical characteristics of water, treated with  
electromagnetic fields 


Object of study Conductivity, 
mcSm 


рН ORP, mV АОА, 
conventional 
unit 


Distilled water 5,5 5,66 348 2,10±0,39 
Distilled water, non-contact activated 5,6 5,83 -230 2,05±0,15 


Catholyte distilled water 176 10,85 -360 8,86±0,98 
Tap water1 528 7,64 324 19,64±0,38 
Catholyte tap water1 433 10,39 -302 12,57±0,49 
Anolyte tap water1 889 3,0 889 6,88±0,1 
Tap water 2 - 7,49 332 16,30±0,68 
Tap water 2 , purified electrochemical 
cleaning filter “Izumrud" 


- 7,85 - 156 16,20±0,55 


Bottled water  - 7,98 292 7,04±0,19 
Bottled water treated FUP-generator - 8,19 282 8,66±0,18 







Antioxidant Activity electrochemically activated water 


Sample рН ORP, mV АОА, mol-eq/l х105 


PM SM 


 Catholyte distilled water  (AP-1)  10,63 -118 8,58±0,09 0 


Catholyte distilled water  (AP-1)  10,65 -270 4,78±0,08 0 


Anolyte distilled water  (AP-1)  3,0 342 0 0 


 Catholyte  tap water  (AP-1) 10,48 -140 3,81±0,07 0 


Anolyte tap water  (AP-1) 2,83 974 -4,2±0,07 -7,77±0,12 


Catholyte  tap water  (Melesta) 10,50 -8 - 0 


Anolyte  tap water  (Melesta) 2,76 1037 - -9,78±0,14 


Tap water is activated in activator “Zdrava” 9,19 -296 - -0,75±0,38 


*PM Potentiometric method (electrode EPV-1); SM – spectrophotometric method 







 АОА  drinking water according to the kinetic method is in the range of 2 - 6 
conventional unit 
 


 The boundaries of the range of values of the antioxidant activity of the 
physiologically high-grade water are currently unknown. 
 


 Non-contact electrochemical activation and electrochemical cleaning of tap 
water have no effect on adrenaline oxidation. 
 


 Identification of the reaction rate of adrenaline oxidation in water with its 
antioxidant activity is debatable. 
 


 AOA values ve and natural waters, according to the potentiometric method is 
much too high. Inflated values AOA ve caused a negative ORP, and natural 
water - dissolved salts. 
 


 Obtaining accurate values AOA drinking water possible and modified using 
the spectrophotometric method 


 











The mechanisms of the biological action of medicinal mineral waters on public health. 
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Mineral water for drinking water applications has been successfully used for a long time 


in the treatment of various diseases, as evidenced by the huge number of clinical studies, 


including those related to preventive orientation. 


Our researches on a large clinical and experimental material: in healthy volunteers, 


patients with diseases of the gastrointestinal profile, with diabetes mellitus and metabolic 


syndrome (a total of more than 3,000 people), allowed in theory to justify the new principles of 


the implementation of the biological and therapeutic potential of mineral water for drinking 


application and convincingly prove them using the most modern methods of investigation. 


The first principle - the internal acceptance of mineral water changes the architecture of 


the time of digestion and due to its acceleration creates stress initiation signal. In particular, in 


our experiment, it was found that within 10 minutes after the water load mineral water begins to 


initiate the stress response such as by a kind of mini dumping syndrome. 


Generalization of the organism's response to changes in the digestive system while taking 


mineral water provides for the involvement of stress hormones that have marked metabolic 


potential. It is possible that gradually developing adaptive responses also have some potential, 


and, in theory, this principle is well founded earlier. In this case, it makes sense to pay attention 


to the other functional system, which can influence a priori mineral water. This APUD-system 


endocrine cells distributed in the lining of the digestive tract, many of which are open cells, i.e. 


their membrane may be contacted with the contents of the digestive tract. 


The second principle - mineral water may have an impact on the induction of hormones 


in the proximal gastrointestinal tract. The bulk of the research in this area was carried out by us 


in the chronic experiments - on intact Wistar rats, while in the control of drinking water was 


used, and in the major studies - mineral water "Essentuki № 17". 


Subsequently, it was found that the responses of the healthy human body, in principle, 


identical to those of the laboratory animals, although there were some features characterized Me 


pronounced reaction to the whole organism. General reactions manifested in the increase in 


glucagon incretion blood adrenocorticotropic hormone and cortisol. If the experiment their 


increase over baseline was respectively 176, 169 and 97% with suppression insulinemia to 25%, 


in healthy volunteers activation of stress hormones was significantly lower and was 35, 25 and 







24% on a small increase insulin secretion. On the other hand - to change the production of 


gastrin and gastroinhibiting polypeptide in the experiment and in healthy volunteers were 


approximately equal. Similar was the change in aldosterone secretion, and serotonin, which 


further suggests that the experimental results may have clinical parallels. Q manifestation of 


smaller stress response of a healthy person requires no special analysis because its adaptation 


reserves digestive system substantially higher than in experimental animals, feeding regime 


which significantly easier. 


The third principle: mineral water for drinking water application can broadcast their 


biological potential through the insular apparatus of the pancreas. Studies in this area have 


shown that the internal reception of mineral water is sufficient to effectively impact on early 


phase insulin secretion, causing it expressed stimulation. At the same glycemic curve during oral 


glucose tolerance test will return to the original values. 


Supporting and additional data were obtained in the study of the effect of the internal 


reception of mineral water at the "Astrakhangazprom" workers in contact with the gas, which is 


found in the composition of hydrogen sulfide, which is known is a highly toxic substance. As 


factors influence low-mineralized water "Novoterskaya" (chloride, sulphate, carbonate-calcium-


magnesium water with mineralization of 3.6 g / L) was selected, which within one month of 


receiving 312 operating gas processing plant and 297 - carbonated drinking water. All subjects - 


men aged 22-34 years. Mineral water is taken 30 minutes before meal to 200-250 ml per 


reception. 


It was established in the original state of the workers who considered themselves to be 


healthy, there were some disturbances in the metabolism of lipids and carbohydrates (increased 


levels of cholesterol, triglycerides and activity of lipid peroxidation by an average of 20-35%, 


increase in blood glucose by 12.3%) due to changes in production of insulin and cortisol 


concentration in the blood exceeds normal reference values, respectively, by 34 ± 1,9% and 18,6 


± 1,5%. 


The first phase has analyzed the ability of this mineral water to have an impact on early 


phase insulin secretion in oral glucose load (as an integral indicator of activity entero-insular 


hormonal interactions). It was discovered that the water "Novoterskaya" significantly increased 


insulinemia increase in the first 30 minutes of glucose tolerance test: if the glucose dissolved in 


drinking water, the blood insulin level was increased to 10, 20 and 30 minutes respectively to 


test 22,4 ± 0,24 MKE / ml to 43,9 ± 0,42; 62.1 ± 0.51 and 67.4 ± 0.56 MKE / ml whereas after 


oral glucose administration, with increased dissolved 21.7 ± 0.25 MKE / ml in mineral water, to 


insulinemia 57,0 ± 0 48; 74,3 ± 0,66 and 69,7 ± 0,64 MKE / ml. At the same time under the 


influence of mineral water "area of alimentary hyperglycemia" for 150 minutes glucose tolerance 







test decreased by 14.3%. Thus, the mineral water "Novoterskaya" has a significant impact on the 


fair regulation of insulin in carbohydrate metabolism. 


After a course of mineral water (control - drinking water), it was noted that in the study 


group had significantly decrease 8-11% dyslipidemia, glucose 5% due to lower secretion of 


insulin with 22,1 ± 0,09 and 18, 8 ± 0,07 MKE / ml and cortisol with 409 ± 4,6 350 ± 4,1 nmol / 


l (both p <0.01). 


Thus, it can be assumed that the systematic analysis of the mechanisms of action of 


mineral water in their home reception will significantly expand the scope of their application 


because the activation of hormonal regulation of metabolism and energy of a healthy person may 


serve as a basis for increasing non-specific resistance to adverse environmental factors and 


activities that will create a fundamentally new technology for primary prevention of common 


non-communicable diseases. 
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New principles of the implementation of the 
biological and therapeutic potential of mineral water 


The first principle - the internal acceptance of mineral 
water changes the architecture of the time of 
digestion and due to its acceleration creates stress 
initiation signal.  


In particular, in our experiment, it was found that within 10 
minutes after the water load mineral water begins to initiate the 
stress response such as by a kind of mini dumping syndrome. 


It is possible that gradually developing adaptive responses 
also have some potential, and, in theory, this principle is well 
founded earlier. In this case, it makes sense to pay attention to the 
other functional system, which can influence a priori mineral water. 
This APUD-system endocrine cells distributed in the lining of the 
digestive tract, many of which are open cells, i.e. their membrane 
may be contacted with the contents of the digestive tract. 







New principles of the implementation of the 
biological and therapeutic potential of mineral water 


The second principle - mineral water may have an 
impact on the induction of hormones in the proximal 
gastrointestinal tract. 


The bulk of the research in this area was carried out by us in the 
chronic experiments - on intact Wistar rats, while in the control of 
drinking water was used, and in the major studies - mineral water 
"Essentuki № 17". 
Subsequently, it was found that the responses of the healthy 
human body, in principle, identical to those of the laboratory 
animals, although there were some features characterized Me 
pronounced reaction to the whole organism. General reactions 
manifested in the increase in glucagon incretion blood 
adrenocorticotropic hormone and cortisol. 







New principles of the implementation of the 
biological and therapeutic potential of mineral water 


The second principle - mineral water may have an 
impact on the induction of hormones in the proximal 
gastrointestinal tract. 
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New principles of the implementation of the 
biological and therapeutic potential of mineral water 


The third principle - mineral water for drinking water 
application can broadcast their biological potential 
through the insular apparatus of the pancreas.  
 
Studies in this area have shown that the internal reception of 
mineral water is sufficient to effectively impact on early phase 
insulin secretion, causing it expressed stimulation. At the same 
glycemic curve during oral glucose tolerance test will return to the 
original values. 







The study of the effect of the internal reception of 
mineral water at the "Astrakhangazprom" workers 


It was discovered that the water "Novoterskaya" significantly 
increased insulinemia increase in the first 30 minutes of glucose 
tolerance test 
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Thank you for attention! 







Establishment of industry for physiologically useful  


bottled drinking water 


Ye. A. Pyatov, «Kokshetaumineralwater» JSC, Kazakhstan 


 


The report examines the role of biologically active elements to human health, as well as 


physiological groups of microflora, deuterium contained in natural drinking water. 


Physical-chemical processes occurring in the organic and inorganic world, is largely 


determined by the water properties, which, in turn, depend on the phenomena taking place in the 


cosmos. 


Physiologically nourishing drinking water is water that has a beneficial physiological effect 


on the human body due to its ion-salt composition, physical-chemical properties of water, the 


presence of biologically active and specific trace substances, as well as the original 


microbiological water composition of the drinking water source. 


The concept of the physiological usefulness of drinking water has come from scientists whose 


work is related to the search of an optimal salt water composition intended for astronauts, as well 


as for the population using desalinated water. 


Numerous preclinical and clinical studies carried out in 50-60thof the last century, the medical 


centers of the former USSR and other countries found that drinking water with certain 


salinityand the presence of optimal concentrations of biologically active elementsin thewater is 


requiredfor normal vital functions of the human body. 


In 2002, for the first time in the world practice the criteria of drinking water physiological 


usefulness for salinity, hardness, macro- and microelement composition were introduced in the 


Russian regulations for drinking water, packaged in containers. 


In 2005, the criteria for the physiological usefulness of drinking water by the chemical 


composition are introduced in the national standard of the Republic of Kazakhstan for drinking 


water, packaged in containers. 


In view of the experience research of the water influence on the human body, it is possible to 


say that the physiologically useful drinking waters may include natural water that satisfies the 


following requirements below: 


- Optimum water composition, the presence of biologically active elements (calcium, 


magnesium, hydrogen carbonates, iodine, fluorine); 


- The presence of physiological groups of autochthonous florain the water; 


- Reduced content of deuterium in the water; 


- Certain structural-wave properties of water acquired under the influence of Energy and 


Information Technologies. 







Influence of the water chemical composition on the human body is considered in Russian 


regulations for bottled drinking water. 


The doctrine on the role of autochthonous microflora in groundwater for human health is 


developed by the Ukrainian Research Institute of Medical Rehabilitation and Health Resort. 


Many of the bacteria identified in groundwater can positively affect the vital functions of human 


being. For example, butyric acid bacteria produce butyric acid. Butyric acid is a key regulator of 


fluid and electrolyte balance in the colon, it plays a key role in the energy supply of colonocytes, 


inhibits growth of tumor cells in the colon. 


Autochthonous flora and products of its vital functions are important elements in 


determination of the physiological usefulness of natural drinking water. It is not possible to say 


about other types of water, in which a variety of processing methods (disinfection) destroy the 


natural microflora and organic compounds. 


Deuterium occupies the 12thplace among the elements involved in biological processes and in 


the body structure. The deuterium content in the drinking water is not standardized by the 


international and national sanitary-hygienic regulations; however, the question of its presence at 


certain levels in the water is becoming increasingly important. 


The main effect exerted upon the human body with drinking water with low content of 


deuterium is a gradual reduction of the deuterium content in body fluids. Analysis of the medical 


research results suggests that the body fluid treatment from heavy water with “light” drinking 


water facilitates to improve the operation of body’s major systems. 


There are sources of water in nature with the optimal content of macro- and microelements 


with the complex of microflora physiological groups, with deuterium low content. 


“Kokshetaumineralwater” JSC is engaged in research of such sources in Kazakhstan. Currently 2 


underground deposits for the natural drinking water production operate under the brand name 


“TURAN”. Drinking water quality meets all these requirements. 


Drinking water can be given additional physiological properties, using modern technologies 


of energy and information impact on the water structure. There is such water treatment 


experience in Kazakhstan. For example, natural water, treated with monochromatic red polarized 


light of helium-neon source has acquired properties that have contributed to normalize 


hemoglobin in the human blood, to dissolve to kidney stones, to strengthen the immune system, 


to improve the life quality. 


There are conditions for the industry development on physiologically useful drinking water in 


the Republic of Kazakhstan, which will help to improve the quality of life and increase the life 


expectancy with the help of the water factor. 


 


 







SUMMARY 


Ye. A. Pyatov 


«Kokshetaumineralwater» JSC, Kazakhstan 


Establishment of industry for physiologically useful  


bottled drinking water 


The role of biologically active components, physiological groups of microflora, deuterium 


contained in natural drinking water, for human health is considered. 
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 Physiologically useful water – drinking water, having 
beneficial effect on human body due to its ion salt 
composition, physico-chemical properties, presence of 
biologically active and specific miner-nutrient elements in 
it, as well as the original microbiological water 
composition of drinking water source. 


 
Technical regulation of  


the Republic of Kazakhstan  
«Requirements for bottled 


 drinking water safety» 
dated June 9, 2008  


 No.551 
 
  


 
 
 
  


 
2 







The concept of the physiological usefulness 
of drinking water came from the developer 


of drinking water composition for 
astronauts 


 


 


3 







- chemical composition: optimal salt composition, mineralization 
and hardness, the presence of biologically active elements 
(calcium, magnesium, iodine, fluorine, hydrocarbonate); 
- microbiological composition - the presence  
of physiological groups of bacteria 
(they produce enzymes, amino acids, vitamins); 
- structure of water 
- “memory” of water – water, conserving  
properties obtained from energy information technology 
impact on it; 


- optimal composition  
of deuterium – “light” water. 


Indicators, determining 
physiological usefulness  


of drinking water 
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Criteria of physiological usefulness of water  
for macro- and microelement composition  
laid down for the first time: 


- in 2002 in the Russian document SanPiN (Sanitary 
rules and regulations) 2.1.4.1116-02 “Hygienic 
requirements for bottled drinking water quality”; 
 
- in 2005 in ST RK (national standard of the Republic of 
Kazakhstan) 1432-2005 «Bottled drinking waters 
bottled, including natural mineral water and drinking 
table water. General technical conditions» 
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butyrate,  
lipoclastic,  
thionic bacteria  
 
Hydrocarbon oxidizing 
bacteria 
 
Saprophytic bacteria 


 


   Physiological groups of natural 
microorganisms in underground water 


- Producers of bioactive substances 


Useful for the treatment of cholecystitis, 
hepatitis, cystitis, kidney stone diseases, 
ischemic heart disease; strongly influence 
biological activity of liver cells 


Synthesising vitamins В2 и В12  


Produce catalase, existing in blood, 
kidneys, bone marrow 







Autochthonous microflora in 
underground water (example)  


Microorganisms 
(bacteria) 


Ulken-Karaoi- 
Arasan, 
Points 


well 3823 


Kulager-
Arasan, 


CFU/cm3 


well 5492-Э 


Kenetkol, 
CFU/cm3 


well 1943 


 
Kuskol, 


CFU/cm3 
well 2-Б 


Butyric acid 5 104 108 105 
Lipoclastic 5 102 102 0 


Hydrocarbon oxidizing bacteria 5 102 102 0 


Sulfur reducing 5 0 0 0 
Thionic 5 103 102 101 


Methane-producing 5 102 0 103 
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Volatile fatty acids 
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Volatile fatty acids from organic substances are very important  
for human body 


 


N.V. Beloborodova, S.M. Beloborodov «Metabolites of  anaerobic bacteria 
(volatile fatty acids) and body reactivity».  
Faculty of  Fundamental Medicine MSU named after M.V. Lomonosov. Moscow. 
http://nature.web.ru  
  
     Acetate– acеtic acid         Propionic acid 
            CH3COOH                                      С2Н5СООН 
 
                                               Butyric  acid 
                                                С3Н7СООН  
 
 
 
 
 
 
 
 







                           L2 
Ice-like structure of liquid water 
cluster: 
 L1=0,7 nm; L2=0,45 nm; L3=0,284 nm. 
 
Hemoglobin size 0,4 nm 
 
 


Red blood cell 
Diameter 7 micron, 
thickness 2 micron. 


 


Red blood cell 
coposition: 
60% water 


40% hemoglobin  
 


One red blood 
cell contains 
270 millions of 
hemoglobin 
molecules.  
 


hemoglobin molecule in water cluster 
(according to doctor Trincher K.Z.) 


 


L1   L2   L3 


L3 
L2 


oxygen 


Structure of water 







9 modifications of water  
Light water – classic water 
1H2


16O 
 


Heavy-oxygen water 
1H2


17O,    1H2
18O 


 


Semi-heavy water 
1HD16O,   1HD17O,   1HD18O 
 


Heavy water 
D2


16O,   D2
17O,   D2


18O 
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Biologic impacts of heavy water 


1. Reducing the speed of biochemical 
reactions, aerobic respiration  


2. Increasing the viscosity of the protoplasm of 
the cells, the body's aging rate 


3. Induction of mutations of the gene pool 
damage, cancer and others diseases.  


4. Hindering of cells division, reduced growth, 
death of higher vertebrates 







Biologic impacts of Light water 
1. Optimization of biological reaction speed 
2. Stimulation of cells division, body growth 
3. Radioprotective effect (protecting cells from the 


damaging factors, facilitating and ensuring proper cell 
division of the nucleus and DNA molecule) 


4. Anti-mutagenic effects 
5. Therapeutic and prophylactic, anti-cancer effect.  







Scheme of bottling of natural water with 
preserved autochthonous microflora 
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Well field of subsoil 
water 


Mechanical filter 


Water pipe 


Aseptic bottling 


Ozonator 


Natural water 
ozonation is 
allowed. 







Physiologically useful natural 
drinking water (example)  
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Optimal chemical 
composition 


Micronutrients: 
Iodine – 44 мкг/л 
Flourine 0,9-1,2 mg/l 


Physiological groups of 
microflora, including  
Butyric acid bacteria 


Volatile fatty acids 


Low deuterium 
content 


Useful properties of 
water are proved by 
preclinical studies 


Water increases the functional activity of the gastrointestinal tract, kidneys and 
stimulates biliary liver function (Ukrainian Scientific-Research Institute of 


Medical Rehabilitation and Balneology , 2013) 
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Thank you for the attention! 







International Scientific and Practical Conference 
BRICS Water Forum 


 
 


Bottled Table and Mineral Water Round Table 


Abstract of the Report 
 
 
 


 


Subject: Regarding certain issues in legal regulation of deep Baikal 


water manufacturers operation 
 
 
Maxim Yuryevich Surnin, BAIKALSEA Company, Irkutsk, 2016  







Being the most noted, clearest and largest body of fresh water Lake Baikal could not but become 
a place where a great number of bottled water manufacturers are concentrated. There are more 
than twenty manufacturing plants around the Baikal. Each year there are rumors on new projects 
of water manufacturing in the Baikal region. Foreign investors from China, Japan, and South 
Korea express great interest in Baikal water. 
 
Nearly all Conference Sections stipulate a report on Lake Baikal and the issues thereof; and it 
proves increasing topicality of the Baikal subject as well as impact of Lake Baikal on many 
processes, from ecological to social and international. Impact of the Lake is so great that the 
Baikal condition fastens the eyes of both the scientific community and just non-indifferent 
people. And such situation creates specific conditions for Baikal water manufacturers. 
 
The subject of Baikal bottled water involves a wide range of issues. They include local problems, 
matters of changes in legislation, requirements of sanitary regulations and standards, protection 
of trademarks bearing “Baikal” name, attitude of the authorised government officials of the 
Russian Federation as to the abovementioned issues, studying the prospects for tourism 
development and protection of Baikal potential. Other issues of the industry are similar to 
common branch problems in the country. This paper will touch upon the issues that are in direct 
connection with the extraction and manufacturing of natural Baikal water straight from the Lake. 
Besides, we will tell you about our view on the current state of the legislation and specify 
eventual ways to solve certain issues. 
 
Understanding of composition of Baikal water, its difference compared to other waters and 
variation in extraction process is of great importance for understanding of the whole range of 
issues. The unique nature of deep Baikal water and Lake Baikal as a natural body determines the 
specific nature of approaches for solving the given problems. As early as in the beginning of the 
1990s the Limnological Institute of the Siberian Branch of the Russian Academy of Science 
proposed to arrange production of bottled table water from Lake Baikal. Starting from that 
comparatively recent moment we have been having a possibility to analyse the situation on the 
factual basis and make assumptions as to the prospects of development of deep Baikal water 
bottling. Variety of the Baikal natural assets gives us an opportunity to extract both deep Baikal 
water, and artesian natural mineral water as well. 
  
The scientific explanations of the natural processes influencing the composition of deep Baikal 
water as well as on the artesian waters around Lake Baikal are not the subject of this paper. 
However, it contains a range of studies concerning this subject, explicit data on changes in the 
water composition, and some assumptions. 
 
Any aspects of activities in the Baikal region, from extraction and bottling of Baikal water to 
tourism, are tightly intertwined and have a direct impact on each other. Within the framework of 
a single strategy of development of the Baikal it is necessary coordinating the actions in different 
directions. 
 
There is no doubt that Lake Baikal has always been and remains a world heritage site. Studying 
of the Baikal for the purpose of protection of this great Lake for the succeeding generations, 
drawing attention to ecology problems constitute an overall task for all inhabitants of our Planet. 







PRODUCTION CONTROL SYSTEM AS A GUARANTEE OF QUALITY AND BOTTLED 


MINERAL WATER AND DRINK WATER. 


D.Korobkov 


firma «Visma»,  Russia 


 


Food Safety is added to "quality" concept in the food industry. The modern concept of food safety is 


reflected in the HACCP system, which is officially recognized by the European Union and the 


International Commission of Codex Alimentarius - the main legislator in the area of food. 


HACCP - Hazard Analysis and Critical Control Point - concept, which provides a systematic 


identification, assessment and control of hazards, greatly affecting product safety. 


The Eurasian Economic Community, in accordance with the technical regulations TR CU 021/2011, 


Chapter 3, Article 10 of the "Ensuring food safety in the process of production, storage, transportation, 


the implementation of": "With the implementation of production processes (manufacturing) of food 


products associated with the safety requirements of such products, the manufacturer shall establish, 


implement and maintain procedures based on the HACCP principles". 


Personnel responsible for ensuring food safety associated with the introduction of HACCP. The most 


important elements for the successful implementation of the HACCP plan is the attitude of management 


and the availability of pre-requisite programs, covering all aspects of the enterprise in the field of 


production and food products.  


 


Pre-requisite programs include:  


• design and layout of the building; 


• planning of rooms and work area; 


• waste disposal; 


• cross-contamination prevention events; 


• process control; 


• quality control; 


• management of purchased materials; 


• pest control; 


• personal hygiene; 







• clean and sanitary treatment; 


• the presence of repair of process equipment diagrams; 


• raw materials and finished products storage.  


Prerequisites part of the production control, which in turn is part of the food safety management system. 
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		Aquahomeopathy, as a solution to the problems of aging and treatment of chronic diseases  �

		    

		     Allopathic medicine is a great ancient science, the main part of the state medicine. It consists of hospitals, health and diagnostic centers, etc. People really need this area of medicine and it has much to offer. However, this giant with all its academies, academicians, doctors and professors, is helpless in the face of chronic diseases. It is so weak that it fails to cure not only presidents, kings and prime ministers, but doctors can’t cure even themselves, their families, children and beloved, without mentioning the common people who come to them, pay money, waste their time, and most significantly, these visits do not bring any results and people are increasingly losing health!!!

		   

		    Having set a task of finding a means to prevent the aging process, we have conducted a research based on the fundamental works of the Russian Academy of Medical Sciences, which showed that the main cause of chronic diseases is a violation of the water-salt metabolism, which leads to dehydration of cells and prevents healthy biochemical process in them. �In other words, if a cell is well hydrated and biochemical processes in its background are pure, then chronic diseases, as well as the aging process, should not arise. ��THIS IS OUR BASIC HYPOTHETIC ASSUMPTION.�

		    In order to find a tool that would provide not only good hydration of a cell, but also clear it, we have analyzed the impact of the naturally occurring and used by human liquids on its body. These liquids we conventionally divide into three types:��1. MINERAL WATER �2. DRINKING STANDARD �3. DEW TYPE WATER (DEW, RAIN, ETC.)��

		MINERAL WATER

		DRINKING STANDARD

		��������DEW TYPE WATER
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		                  � The main provisions of Aquahomeopathy      .�� 1. To ensure the stable immunity against chronic diseases and the aging process, the cellular biochemical processes should proceed in a fairly well hydrated cell on a clean background (with a minimum level of intoxication).�2. To ensure the first condition it is necessary to use the Aquahomeopathic liquid (Hyposmolar liquid with homeopathic solution of high potency salts and a dew molecule). �3. The process of treatment and prevention is achieved by metered use of aquahomeopathic liquid that creates an osmolarity wave in the extracellular environment which changes from hypo (A) to hyporosmolar state (B). With a decrease of the osmolarity (A) in the extracellular environment the cell sucks in liquid. And while passing the hyporosmolar phase (B) it extracts liquid from itself. In other words, hydration of the cell and its rinsing occurs.�4. Since the use of aquahomeopathic liquid leads to the blockade of production of antidiuretic hormone, the emerging diuresis enables the excretion of excess salts and food intoxication products.�

		                  ���

		 ��The extensive 22-years-long testing of this method for chronic patients in Russia and not only here has showed stable results for the treatment of incurable (in terms of allopathic medicine) diseases, such as Parkinson's disease, pancreatitis, cholecystitis, edema, arthrosis, osteochondrosis, urolithiasis, oncology, bronchial spasmodic asthma, allergy, diathesis, early and late toxemia of pregnancy, etc. In addition, there was an active inhibition of aging from the very first day of use of aquahomeopathic liquid (the used variants of translation into English trademark «Божья Роса» -“God’s dew” or “Divine dew”). Further in the text - “Divine dew”. To confirm this fact, we single out two outstanding examples out of many others.��

		���
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		 Meanwhile, there is another picture of the age group of 40 years, which can also be considered and compared with the condition and health of the testee - they are very similar in appearance

		Bright example of effect of “Divine Dew” water, Fedorova Serafima Vasilyevna (this year 92 years were executed) drinks “Divine Dew” water 18 years, feels well, leads active lifestyle, works in a kitchen garden, communicates with grandsons, isn't ill. Though 18 years ago, doctors didn't give it and month of life, diagnosing Parkinson's illness, acute pancreatitis, a cholecystitis, a hypertonia and an dementia. It was constantly excruciated by giddiness. Two once a day I called an ambulance. She was afraid to leave the house. And now one moves freely across all Moscow.�Be convinced of it, to be healthy - it is simple.

		 The age of 90 is an advanced age both in Russia and all around the world too. A person who had lived to such great years is considered a long-liver. Although the real life expectancy of a human is 100 years or even more, it is considered to be a great success to live up to the age of 70. The reason is in the wide range of chronic and age-related diseases that are acquired and preserved in the human body during the period of his vigorous activity. As well as poor environment and poor diet leads to “failures” of the human body at the cellular level. Diseases accumulate and modern medicine only reserves the symptoms and the vast majority of people lose efficiency as they reach their 60. The joy of communicating with their grandchildren and happy oldness changes into a hospital bed and a bunch of medicines. It is not surprising that in such a rhythm the mortality statistics (especially men’s) over the age of 60 is extremely high. Today we are trying to show everyone by our personal example that after the age of 60 and even at 90 the life may be productive, active and happy. We have been conducting the experiment for 22 years yet and the result is obvious.

		For comparison, we will give an example of photos of people of 80-90 years that it would be possible to feel a difference.

		Skin of the person, the good indicator of health of an organism, it is always possible to tell both age of the person and quantity of his diseases from the face. As they say - the result is available.

		P – probability of emergence of chronic diseases and aging signs�C – the general salinity of useful elements in water�Copt(«immortality point»)– the salinity creating an optimum level of hydration and  purification of cell
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The 65 percent of  Ivankovo banks suitable for recreation. 


Leisure activities: bathing, recreational fishing (especially in winter), 
the small vessels (motor boats, boats, yachts, kayaks) and vehicles, 
the collection of  mushrooms, berries and medicinal herbs, skiing, 
cycling and hiking.


Favorable for recreation areas are experiencing quite significant 
anthropogenic pressure, which leads to the development of  
recreational digression of  coastal and aquatic complexes of  the 
reservoir.


There is a tendency to reduce the number of  agricultural land and 
the acreage and the increase in suburban areas. Is also an intense 
exploration of  the shores of  the reservoir Ivankovskoye individuals: 
the construction of  residential buildings and non-residential 
buildings, the discharge of  sewage into the water, creating private 
beaches and boat parking, and landscape beautification of  the area.


Recreation potential of  the reservoir - at 5 million persons/year; 
now for rest of  the reservoir is annually visited by at least 2.5 million 
people.


Water quality in the Ivankovo reservoir corresponds to a class 
"polluted“. In the areas of  Tver, Konakovo, at the mouth the Shosha 
River, areas of  sewage settlement Radchenko - "very polluted". 


Factors and ingredients: iron total, ammonia nitrogen, oil products, 
biochemical oxygen demand, chemical oxygen demand, zinc, 
synthetic surfactants (1,5-3 MPC) and observed very high 
concentrations of  manganese (20-50 MPC).


Maximum concentrations: iron and manganese observed in the 
spring, zinc, lead and copper in the summer. Anomalous zones of  
pollution of  water reservoirs with heavy metals have been identified.


Ivankovskoe reservoir is currently being evaluated as eutrophic 
reservoir and hypereutrophy in a number of  areas, especially in 
zones of  influence of  wastewater of  enterprises and households, on 
a plot of  distribution of  large discharges of  heated water from the 
Konakovo GRES (Moskovichenko Bay), in areas of  intensive 
development of  the coastal zone.


Formation of  water quality of  the Ivankovo 
reservoir in the conditions of  intensive recreation


The reservoir is located in the European part of  Russia on the Volga 
River, 150 km to north-west from Moscow, and is the first stage of  
the Volga-Kama cascade. The reservoir is divided into three ples: 
Volgskiy, Shoshinsky, Ivankovo. 


Options of  the Ivankovo reservoir: full volume - 1.12 km3, useful -
0.81 km3, water surface area - 327 km2, length - 134 km, depth: max 
- 19 m, average - 3.4 m, width: max – 8 km, average - 2.2 km. Length 
of  coastline is 520 km. The catchment area is 41 000 km2.


Contact Box
Water Problems Institute of  Russian Academy of  Science
Tel.: +7 905 738 68 72
E-mail: irina_grigorieva@list.ru


  Accredited hydrochemica
          LABORATORY


Ivankovo research station








r r


Contact Box
Institute Name
Tel. +xx xxxx xxxxxx
E-mail: person.name@institution.org


Global warming has a huge impact on the environment and reflected 
in the increased frequency and intensity of  natural hazards. Moisture 
conditions are the determining factors of  the impact of  climate 
change on yields, water resources, life and health. The main grain 
regions of  the European part of  Russia (EPR) are located on the 
drought sensitivity territory of  the East European Plain. The 
Atlantic Ocean is the key driver of  decadal variability in the climate 
of  Europe. A substantial warming of  the North Atlantic Ocean was 
observed since the mid-1970s to the beginning of  the 21st century, 
which was accompanied by abnormal flow of  heat from the ocean to 
the atmosphere. 


The purpose of  the current study is to reveal the impact of  sea 
surface temperature anomalies in the North Atlantic on the long-
term changes of  hydro climate in the south of  European Russia in 
spring and summer in the 20th - beginning of  the 21st century.


Figure 1. Difference in the severe drought frequency (number of  
events per 100 years) in the warm phases of  the North Atlantic as 
compared to the cold phase in May (a,b) and in Summer (c, d) 
according to Standardized Precipitation Index data.


According to the data of  sea surface temperature, warm (1926-1962 
and 1995-2012) and cold (1963-1994) phases of  the North Atlantic 
were identified. It was revealed that spring hydro climate in EPR 
generally was drier in the cold phase as compared to climate in the 
warm phase. 


Climate change impact on agricultural water supply 
and human life in the European part of  Russia


The increase of  precipitation in spring (the difference was on 
average 10%) in EPR was observed in the period 1963-1994 to the 
period 1995-2012. The largest decrease in precipitation (25-30%) was 
observed in the central and in the south-east.


Severe drought during the growing season results to an increase of  
water use in the agricultural industry. It was found that the severe 
atmospheric drought in May were occurred more often (an average 
of  1 event / 10 years) in the south of  European Russia to the north 
of  50°N during the cold phase in comparison with its warm phases. 
In the same periods, the frequency of  severe drought was decreased 
(an average of  1 event / 10 years) to the south of  50°N (Figure 1).


In summer, drought frequency, deficit in water availability and more 
unfavourable conditions of  comfort of  human life were observed in 
the south and south-east of  EPR during the periods of  warm phases 
in comparison with the periods of  cold phases (map). The largest 
difference in the frequency of  atmospheric drought was observed in 
the Volga region (1-2 event / 10 years), in the Central Black Earth 
region and the Sea of  Azov region (1 event / 10 years) (Figure 2).


The change of  the North Atlantic warm phase to the cold phase is 
expected in the upcoming decades, what can result to spring and 
summer limits of  water supply in the agricultural regions in the 
south of  European Russia.


These results are useful for development of  the strategy of  effective 
adaptation and mitigation that will minimise the impacts of  climate 
change and sustainable development of  regions of  European Russia.


This study was supported by the Russian Science Foundation grant 
no. 16-17-10236.
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Installation for tap water microfiltration is intending for the removal from
the tap water the particles of the mechanical impurities (for example, - rust
particles) having the dimensions more than one micron (Fig. 1). Its
technical characteristics are shown in the table 1.


Table 1 – Technical characteristics of  installation for the tap water 
microfiltration 


The results of the preliminary tests showed that the installation for tap
water microfiltration is able to purify the wastewater from iron impurities,
and can improve the color, and the turbidity parameters of the treated tap
water (table 2).


INSTALLATION FOR TAP WATER 
MICROFILTRATION


Parameter
Results Guideline 


value
Raw 
water


Treated 
water


% 
Removal WHO


Colour, degrees 29 5 83 15 TCU
Smell (20°C), 
points 2 1 50 Acceptable


Taste 2 1 50 Acceptable
Turbidity, FTU 32 <0.1 1000 5 NTU
General
mineralization,
μg/l


282 280 - 1000


Iron total, mg/l 0.53 0.04 92 0.3
Manganese,
mg/l 0.043 0.024 44 0.1


Sulphides, mg/l 0.008 0.002 75 -
H2S, mg/l 0.004 0.001 75 0.05
Chlorides, mg/l 73.4 70.0 4 250
Calcium, mg/l 76.0 50.0 34 -
Magnesium,
mg/l 14.3 10.0 30 -


Silicon, mg/l 3.47 0.71 80 -
Total bacterial
count, CFU/ml 250 <10 >96 10


Table 2 – Results of  testing the water purification installation


Water microfiltration 
module, filter 
element (cartridge), 
and control panel
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DYNAMICS OF WATER USE IN NATURAL AREAS OF THE VOLGA BASIN
S.V. YASINSKIY,  I.A. VISHNEVSKAYA


Institute of  Geography, Russian Academy of  Sciences, Moscow, Russia


Volga basin
Area of   basin~ 1,500,000 km2 
6 natural zones


Fig. 1. Location of  natural areas in the Volga basin


Natural area The area in the Volga basin,
km2


% of  the total area of  the 
Volga basin


Taiga 462 320.89 32.3


Mixed and deciduous forests 465 958.33 32.6


Forest steppes 300 690.54 21


Steppes 127 994.19 8.9


Semi-deserts 22 796.67 1.6


Deserts 46 713.7 3.3


The Volga Basin 1 430 937.21


(Areas of  natural zones calculated means of  ArcGIS 9.3.1)


Table 1 natural areas in the Volga basin


5 Federal Districts of  the Russian Federation
and 39 of  its subjects are fully or partly situated
in the Volga basin, 
of  which only 15 have the whole
of  their territory located in the basin.
The remaining 24 regions are located
in its territory only in part.
This situation makes it quite difficult
to estimate the quantity of  the water resources,
as well as the anthropogenic load on such resources.


Sourse data
To analyze the different aspects of  water resources management in the natural zones of  the Volga basin,
we used the data of  water usage statistics for 1990-2011 
The data on the use of  water in each of  the constituent entities of  the Russian Federation
were entered in a database established for the purpose,
and then the average values were calculated for each natural zone, with due account for the proportion 
of  each region in the total area of  the zone. 
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Use of  water resources in different industries
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Fig. 3. The dynamics of  water usage for different purposes
in the natural areas of  the Volga basin


Fig. 2. The dynamics of  the total water intake
from all types of  sources in the basin of  the Volga River


One of the main characteristics of the use of water resources is the total water intake from surface and groundwater sources. The distribution of the 
total water intake by the natural areas of the Volga basin is shown in Fig. 2.
It shows a substantial decrease in the total water intake in all the natural zones, and the zones that account for the greatest contribution are mixed and 
deciduous forests and taiga.
This is due to the joint influence of climate change and reduced water use in different sectors of the economy. The general water intake in the Volga 
basin as a whole decreased by 36.5%. The main part of the use of water resources is water intake from surface sources. This item of the water intake 
does not change with time, amounting to 84-85% for all of the Volga basin. Similar to the dynamics of the total water intake, water intake from the 
surface sources declined by 35% for the whole of the Volga basin. Water intake from groundwater sources is an integral part of the overall water 
intake.
Its contribution to the total amount of water intake for the whole of the Volga basin exhibits virtually no changes with time, remaining at 15-16%. 
The absolute values of water intake from groundwater sources decreased in proportion to the reduction of the total water intake;
however, relative water intake of ground water has increased in all the natural zones except for the taiga. 


Natural area 1990 1990, %
(% of  all the 
losses in the 


basin)                          


2011 2011, %
(% of  all the 
losses in the 


basin)


The delta in 
1990-2011 in 


absolute terms


The delta 
in the 
period 


between 
2011-1990, 


%


Taiga 0.10 7.72 0.14 11.87 0.03 4.1


Mixed and deciduous 
forests 0.24 17.99 0.61 52.80 0.36 21.6


Forest steppes 0.13 9.64 0.21 1.71 0.08 8.8


Steppes 0.13 9.75 0.12 10.62 -0.011 0.8


Semi-deserts 0.15 10.78 0.035 3.10 -0.11 -7.6


Deserts 0.60 43.99 0.035 3.07 -0.56 -25.4


Total for the basin of  the 
Volga River 1.36 1.15 -0.21


Table 2. Water losses in the natural areas of  the Volga basin, km3


Water loss for the whole of  the Volga basin accounts for as much as almost 1.4 km3, which at the end of  the period under consideration 
slightly went down, to 1.15 km3


The data shows that the highest water consumption,
in terms of  both the absolute and relative size,
is observed in the zone of  mixed and deciduous forests


The total amount of  water used for industrial needs in the whole
of  the Volga basin has slightly increased, from 59% to 61% in 2011


In agricultural  production, significant amounts of  water are used for irrigation. During the period under review, the consumption of  water for this 
purpose throughout the Volga basin declined sharply both in absolute and relative values, from 11% to 5%, because of  the reduction of  the total 
area of  irrigated fields.


One of  the important indicators of  the development of  cities
and other settlements is the data on the use of  water
for economic purposes and as potable water.
The share of  this type of  usage in the total water use in the basin does 
not change over time, remaining at the level of  22-23%. In absolute 
terms for the entire basin, 
it decreased by almost 2.5 km3. A significant reduction in water use for 
domestic purposes is due to a complex of  water-saving measures in cities 
and towns, as well as to the more economical use of  water by the 
population because of  the increased payment for its consumption.


Sewage Disposal
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Fig. 4 Sewage disposal in the natural areas of  the Volga basin


The proportion of  sewage discharged in water bodies 
for the whole basin declined from 77% in the 
beginning of  the period to 69% at the end, i.e., by 
nearly 10% from the total volume of  water used for all 
purposes. The greatest contribution to the total 
wastewater disposal is made by the zone of  mixed and 
deciduous forests and the taiga. Almost a half  of  the 
amount of  the total wastewater disposal is the 
discharge of  contaminated wastewater. During the 
period under review, its absolute value went down 
consistently, in proportion to the decrease in the total 
volume of  sewerage disposal, and by 2011 it decreased 
by 50% compared to 1990. .
The discharge of  untreated sewage around the pool is 
low, and in 1990 it accounted for 17% in the overall 
amount of  contaminated wastewater, falling down to 
11% by 2011. 


Conclusions:
1. A significant reduction in the total water intake from all types of  water sources has been observed in all natural zones, and in


the Volga basin as a whole the average decrease was by 35%. 
2. All the other indicators of  water use have decreased in proportion to the decrease mentioned above: water intake from surface


and underground water sources, its use in various industries (for production purposes, for household needs and irrigation), 
sewage water disposal (purified to the standard condition and contaminated).


3. The contribution of  each of  the natural zones to the changes of  various parameters of  water resources use in the Volga basin is 
different. The largest contribution to the reduction of  the total water intake, in respect of  water use for all needs and 
wastewater disposal, is made by the zone of  mixed and deciduous forests.


4. As regards wastewater disposal, a high proportion of  sewage is shed on the terrain, and for the whole of  the Volga basin this
value is about 50%, which represents a serious threat to the ecological status of  the regions of  the basin. 


5. The data presented here and the analysis performed indicate that in order to perform a more detailed examination of  the causes 
of  the current situation it is necessary to conduct a comprehensive analysis of  the intensity of  water use in various sectors of
economy and the indicators of  water resources use in the sectors of  the economy of  the regions located in this river basin.
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The effectiveness of  flood management largely depends on the efficiency 
of  operations during emergency situations and the correct choice of  
optimum solutions to minimize the damage and ensure life safety. One of  
the most promising instruments of  such policies’ effectiveness is to study 
flood from risk positions in order to identify areas of  flooding at the 
designed water levels of  the given probability of  exceeding and calculations 
of  presumed losses under different scenario variants. 


Risks’ mapping by methodical procedure is through the process of  creating 
a series of  information and evaluation maps of  different directivity and 
content and the final integrated maps of  flood risk. A method of  
evaluation is to determine the expected loss in the event of  danger at the 
development of  the territory and consists of  interconnected successive 
incremental steps. The study uses the probabilistic - areal approach based 
on hazard indicators: frequency of  occurrence, the magnitude (depth of  
flooding), the duration of  standing dangerous levels and area of  flooding. 
The calculations of  risks’ indicators are based on the methodical methods 
through the vulnerability parameter. This option allows you to determine 
the physical characteristics of  risks and their specific values. In mapping in 
comparative assessment and the identification of  the level applied specific 
data. 


The registration of  flood is in the rivers’ basins, hydrological stations. For 
this it is filled the attributive database of  primary hydrological data, which 
made it possible to determine the frequency and magnitude of  floods. 
Given the orographic features, differences of  hydrographic characteristics 
of  the valley structure, of  the channel, of  the development of  the 
floodplain of  the studied rivers, the rivers’ basins are divided into sections 
with the characteristic indicators of  danger. Identification of  possible 
flooding boundaries carried out based on the calculated index value of  the 
floods on the large-scale topographic base and digital terrain model of  
high metric accuracy. Defining areas using GIS technology in Arc GIS 
software environment. The combination of  the flooded layer zones with 
maps of  modern land use, agriculture, population and functional types of  
settlements made it possible to identify areas of  land of  different 
categories (Fig. 1, 2).


Fig. 1 - For example, the dynamics of  maximum water level p. Selenga (hydrological 
station Ulan-Ude)


Flood risks’ maps – effective management 
instruments


Fig. 2 - For example, modeling of  the flood zone of  Ulan-Ude


On the basis of  the calculated specific indicators are made the private risks 
maps or maps of  flood staggered of  land and the population. The integral 
map is designed on the results of  the generalized analysis and comparison 
of  the private maps. In identifying the overall risk level of  a large place are 
indicators of  population losses (individual risk). Thus, on the basis of  
studies compiled the map (Fig. 3), which illustrates the integral risk from 
floods in the Baikal Lake basin’s rivers. 


Fig. 3 - Map of  floods. Integral risk


The background basis if  the map is the territorial differentiation of  the 
total risk index. In general, a higher level of  risk in comparison with others 
is characterized the territory of  the Selenga River basin. This territory is of  
the great danger of  flooding of  the most densely populated and 
economically developed part of  the Baikal region. Moreover, the very high 
overall risk, where the individual has a maximum value is detected in the 
area of  the Selenga River downstream at the merge with the Uda River. 
The flood area includes part of  the city of  Ulan-Ude. In addition the high 
level is allocated to the borderland areas at the confluence of  the Dzhida 
and Chikoy Rivers. By the rivers of  middle and northern parts of  the 
Baikal risks’ indicators do not exceed the average values.


Thus, the generated space-time series of  hydrological and hydrographic 
geodatabase, allows the construction of  simulation models of  formation 
mechanism and development of  flooding on the Baikal Lake basin’s rivers. 
The given map presents a vivid picture of  possible emergencies in the 
region and is the basis for the need for a complex of  different measures to 
reduce risks from floods on the rivers and the development of  scientifically 
-based recommendations for the territory planning of  the Baikal Lake 
basin.
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Introduction. According to the European Water Framework 
Directive, phytoplankton is one of  four biological objects used for 
determining the ecological status of  water bodies and assessing the 
water quality (Commission Directive .., 2014). 
The Ob River stretches from the confluence of  rivers Biya and 
Katun up to the Gulf  of  Ob and the Kara Sea (Reservoirs ..., 1999). 
Being a large river of  Siberia, the Ob is also one of  the largest river 
systems in Russia and worldwide (Korytny, 2001) by its length (3650 
km), the catchment area (2990 th km2) and the average long-term 
water discharge in the mouth (12700 m3/s). The Ob is divided into 
three sections (Fig.) by its nature, alimentation and water regime 
formation: the upper (up to the mouth of  the Tom), the middle (up 
to the mouth of  the Irtysh) and the lower one (up to the Gulf  of  
Ob) (Plashchev, Chekmarev, 1967). At the confluence with the Kara 
Sea, the Ob forms the unique estuary - the Gulf  of  Ob that is of  30 
- 80 km wide and 25 m deep. The river has been transformed 
insignificantly; the Novosibirsk Reservoir is the only large man-made 
water body built here. 
(http://www.protown.ru/information/hide/8136.html).


History of  the study. Ob River phytoplankton, its composition and 
abundance as well as its drift were the object of  algologists attention 
for many decades. The review of  the algal flora studies was made by 
M.S. Kuksn in the mid of  the 60s of  XX century (1964). Algal 
communities from the Ob river and waterbodies of  its catchment 
were characterized by T.G. Popova (1964) based on latitudinal zones. 
In the 90s and 2000s, the interest to the plankton study in the Ob 
and the Gulf  of  Ob increased due to large-scale development of  oil 
and gas fields in the north of  Western Siberia. 
The aim of  our research is the analysis of  composition and 
abundance of  phytoplankton in the Ob and the Gulf  of  Ob to 
assess the trophic level and water quality of  the river. Different data 
on phytoplankton from the upper sections of  the Ob to its lower 
reaches were involved.


PHYTOPLANKTON FROM THE OB SOURCE TO ITS 
MOUTH (WESTERN SIBERIA, RUSSIA)


Results and discussion. In the source of  Biya River a deep Lake Teletskoye 
is situated. Its phytoplankton is diverse in composition but poor in quantity; 
small-celled diatoms and some cryptomonads, in some years and seasons –
cyanobacteria and gold algae dominate here. 
As compared to the Biya, the Upper Ob was distinguished by well-developed 
phytoplankton with predominance of  autotrophic algae. It should be noted that 
truly planktonic forms as well as algae abundance in the water column increased. 
A predominance of  diatoms was observed (up to 45.6% of  total number of  
species). The number and biomass of  the Upper Ob phytoplankton reached 
500.8 th.cells/l and 1.1 g/m3 (1993), near Barnaul city it was 1259.0 th.cells/l 
and 0.8 g/m3 (April-September, 2001), near Kamen-on the-Ob – 1003.7 
th.cells/l and 0.8 g/m3 (2004), respectively. Most of  species-indicators of  
saprobity were beta-mezosaprobic, and saprobic index did not exceed 2.08 that 
corresponded to the oligo-beta-mesosaprobic zone.
Phytoplankton from the Middle Ob is determined by specific natural 
conditions of  the area, namely by the excessively moisturized catchment. 
Phytoplankton composition is characterized by great homogeneity throughout 
the zone. Diatoms are the predominant group among algae. Phytoplankton 
number ranges within 154.7-2817.6 th.cells/l biomass – 0.2-3.2 g/m3 (1999). 
The leading role in the algae composition mostly belongs to planktonic forms –
centric colonial diatoms of  Aulacoseira, a share of  which in total phytoplankton 
number increases downstream. Significant differences in phytoplankton 
abundance in the coastal area and in the midstream were not observed.
In the Lower Ob, phytoplankton number and its biomass changed considerably. 
In the 90s of  XX century, they ranged 8.7-1606.8 th.cells/l and 0.07-1.3 g/m3


(1993-1994.), later – 83.3-1179.7 th.cells/l with the average of  363.2 ± 147.5 
th.cells/l and 0.04-0.5 g/m3 with the average of  0.2 ± 0.06 g/m3 (2015). 
Phytoplankton number from the Gulf  of  Ob changed to a greater extent –
189.0-5763.5 th.cells/l (the average of  1931.5 ± 334.2 th.cells/l), biomass – 0.1-
2.7 g/m3 (the average of  0.9 ± 0.2 g/m3) (2015). The value of  saprobic index 
corresponds the beta-mesosaprobic zone (1.51-2.50) that is indicative of  a 
moderate organic pollution of  the Ob River water. This index in the Gulf  of  
Ob is slightly higher (1.76-2.15, average 1.87 ± 0.03), in the Lower Ob – a bit 
less (1.80-1.96 and 1.84 ± 0.02).
Conclusion. According to the complex classification of  surface waters (Oksiyuk
et al., 1993), the water of  Lake Teletskoye belongs to the class of  "very clean" 
and "clean", and to the level – “extremely clean” and "very clean". The Upper 
Ob trophicity is estimated as mezotrophic (0.6-2.0 g/m3), the Middle Ob –
oligo- (�0.1-0.5), meso- and eutrophic (2.1-10.0 g/m3), the Lower Ob – both 
oligo- and mezotrophic, the Gulf  of  Ob – oligo-, meso- and eutrophic. 
Previously, N.A. Gajewski et al. (2009) described the trophic state of  water 
ecosystems of  the Ob and Taz Gulfs during the period of  open water (2002-
2008) as mesotrophic-eutrophic, and noted that trophic levels of  the water were 
similar for the studies made in 1960 (Solonevskaya, 1972) and 1980-2002 
(Semenov, Aleksyuk, 1989; Semenov, 1995; Semenov et al., 2000). 
By and large, structural features of  phytoplankton and its abundance are the 
evidence of  quite safe state of  the river. The Ob ecosystem is capable of  self-
purification; the environment changes are reversible. However, there is a threat 
to aggravate the current situation in the most contaminated areas, especially 
downstream the cities, where the inflow of  municipal wastewater occurs. Self-
purification ability of  the river is reduced during floods due to income of  large 
amount of  terrigenous material from the catchment basin, transparency 
deterioration, increase in water turbulence and, as a consequence, attenuation of  
physiological activity of  the algae.


Lower Ob (1160 km)


Middle Ob (1500 km)


Upper Ob (1020 km) 


Gulf  of  the Ob (800 km)


Lake Teletskoye


Fig. The Ob River watershed with sections


Elena Yu. Mitrofanova
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PROSPECTS OF COOPERATION OF THE BRICS COUNTRIES 
IN THE SPHERE OF DEVELOPMENT  


OF AGRICULTURAL WATER MANAGEMENT 


B.M. Kizyaev, S.D. Isaeva 


All-Russian Research Institute of Hydraulic Engineering 
and Land Reclamation of A.N.Kostyakov. 







  Positive dynamics of interaction of the 
countries-participants of the BRICS in addressing 
the issues of economic cooperation, environmental 
security and mutual assistance became evident in 
10 years of existence of the group. Countries' 
efforts are aimed at solving the main task of the 
BRICS - is overcoming the world financial crisis, 
improving the quality of life of citizens and the 
development of high technology. 


 


2 







  It is important to continue the joint efforts of 
the BRICS countries in addressing the challenges in 
the field of water management at the present 
stage. Water shortages are expected in many 
countries, including the countries of Central and 
southern Europe, and it will affect 44 million 
people by the year 2070 in the context of global 
climate change. The shortage of quality drinking 
water is experienced by the population in the 
regions of India, China, South Africa, Russia today. 
The issue of effective water resources management 
becomes the main solutions to many problems of 
economy, social sphere and politics in the world. 
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Parameter  2000  2005 2010 2011 2013 2014 


Water abstraction 
 


85,9  79,5 79,0 75,2 69,9 70,8* 


Including used in 
various purposes 


75,9 69,3 69,7 66,3 61,0 63,2 


including surface water 
abstraction 


65,7 60,2 61,7 58,4 53,35 54,5 


 and artesian water 10,2 9,1 8,0 7,9 7,65 8,7 


Used fresh water 66,9 61,3 59,5 59,5 53,6 56,0 


including drinking water 
supply 


13,6 12,3 9,6 9,4 8,7 8,5 


and for production 
purposes 


38,8 36,5 36,4 35,9 31,5 32,4 


irrigation 12,6 10,4 8,3 8,2 7,0 7,6 


Госдоклад о состоянии и использовании водных ресурсов РФ в 2014г.  


Water use in Russia in 2000-2014 years, km3 







  The main goal of development in the 
Russian water sector is to ensure sustainable 
water use whilst maintaining ecosystems, 
safeguarding water resources for sustainable 
socio-economic development of the country. 
This aim coincides largely with the concepts 
of water management development in the 
BRICS countries. It is necessary to solve a 
number of problems in the water sector of 
both Russia and the BRICS countries to 
achieve this goal. 
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Economic problems:  
 imperfection of economic mechanisms of water management complex of the 


country, water resource management, promotion of water conservation and 
protection of water resources; 


 lack of investments for developing the water management complex, etc. 
Technical problems: 
 wear and tear of fixed assets, including fixed assets for the protection and 


rational use of water resources; 
The problems associated with the natural conditions: 
 the uneven territorial distribution of resources of surface and 


underground waters; 
 the deterioration of surface water quality; 
 natural and anthropogenic pollution of groundwater;  
 withdrawal of volumes of river runoff, exceeding the permissible 


values and the depletion of groundwater in regions with intensive 
anthropogenic load, etc. 


 
These problems are especially acute in the agricultural water supply. 
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*из Госдоклада о состоянии и использовании водных ресурсов РФ в 2014 г. 


Country Забор воды из водных 
объектов, км3/год 


Доля забора 
воды для 
сельского 
хозяйства в 
общем 
водоотборе,% 


Population, 
mln. 


(for 2010) 


Площадь орошаемых 
земель, 


total incl.  for 
agriculture 
needs 


total,  


mln. ha 


for 1 
person, hа 


Russia* 70,8 7,6 10,7 143,9 2,07 0.14 
India 647,5 574,5 88,7 1205,6 66,33 0,055 
China 610,7 378,1 61,9 1359,8 62,94 0,046 
USA 423 173,4 41,0 309,3 26,6 0,086 
Indonesia 139,4 97,4 69,9 240,7 6,7 0,028 


Iran 95,0 86,0 90,5 74,46 8,7 0,117 
Egypt 74,0 61,3 82,8 81,1 3,4 0,042 
Iraq 66,0 52,0 78,8 32,5 3,5 0,108 
Uzbekistan 52,0 44,2 85,0 28,5 4,2 0,147 


Turkmenistan 24,0 23,04 96,0 5,04 1,99 0,395 


Kazakhstan 21,14 13,9 65,8 15,9 2,07 0,13 
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Anomalies are calculated as deviations from the average for the period 1961-1990. Bold 
curve shows leveled temperature (11-year moving averages). Vertical bars are 95% 
confidence interval for the 11-year average (excluding errors of spatial averaging and 
violations of homogeneity). The red line is the trend  of 1976-2012. 


Dynamics of air temperature from the late 19th to the 
early 21st century 


 
(The fifth assessment IPCC report) 
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 by adapting the economy, especially agricultural production 
to new climate conditions; 


 by providing water conservation: efficient use of available 
water, improved water supply and sanitation, irrigation and 
drainage systems, the transition to closed cycles of water use, 
the transition to closed pipelines for supply of drinking water, 
the division of water supply of drinking water and technical 
and other; 


 by obtaining additional amounts of water resources through 
the use of surface water in the complex with underground; 


 by the desalination of sea or underground saline water; 
 by the redistribution of runoff in river basins. 
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A.P. Demin 


Institute of Water Problems of the Russian Academy of Sciences 


WATER RESOURCES AND FOOD SECURITY: RUSSIA PARTNERSHIP AND ASIA 


 


Water is essential for the progressive realization of both the right to adequate food in the context 


of national food security, and the right to safe drinking water and sanitation. Water is the 


lifeblood of ecosystems on which the food security and nutrition of present and future 


generations depend. Water of appropriate quality and quantity is essential for food production 


(fisheries, crops and livestock), processing, transformation and preparation. Water supports 


economic growth, jobs and income generation, and contributes to economic access to food for 


people. However, further development of irrigation is facing shortage of water, the growing 


demand for water by the population and the economy. 


The purpose of research is to identify the main patterns of change in water consumption in 


agriculture and food production in the current socio-economic and climatic conditions. To 


achieve this goal required the following tasks: 


• identification of water supply and water demand in Russia and the major Asian countries 


in recent decades, the assessment of water use patterns; 


• analysis of measures to improve the level of security of water resources of agriculture; 


• estimate of the area cultivated, irrigated land and the intensity of their use; 


• evaluation of the production of basic agricultural products in the study area; 


• identification of the competitive advantages of Russia in the trade of water-intensive 


products; 


To investigate the spatial and temporal patterns of water consumption and agricultural 


production methods used statistical time series analysis, comparative geographical method. 


Calculations for the provision of modern renewable water resources per capita in 29 countries in 


East, South and Central Asia. It is shown that it varies very widely - from 87 m3 / person per year 


up to 100 thousand   m3 / person per year or more. It was revealed that more than 1.5 billion 


people live in conditions of water stress and scarcity. It is shown that in the past two decades, the 


increase of water consumption in the region exceeded 400 km3. The maximum increase is 


observed in countries with rapid economic development. In Central Asia, water consumption 


decreased by 25-40%. Despite the increase in water intake in most of Asia, the specific value of 


its per capita income is significantly reduced due to the progressive rates of population growth. 







The question is: how big a trend further increase in seizures of water resources due to increasing 


population and the need to ensure its food? 


Designed modern structure of water use in Asia and identified the dominant role of the 


agricultural sector. The average for Asia agriculture accounts for 80% of fresh water withdrawn 


from surface and underground water bodies. 


The examples of environmental degradation. Water too polluted in many countries. It has been 


shown that a significant proportion of the population uses drinking water of inadequate quality, 


which leads to the spread of diseases. Modern data on the area cultivated, irrigated and irrigated 


land use intensity in different countries. It shows the production of grain and meat production 


growth over the past decade. 


Asia is the continent where the present time is the largest number of hungry people. Despite the 


fact that their number is steadily decreasing, it is still unacceptably high. In order to feed a 


growing, more urbanized population, possessing great wealth, world grain production in 2050 


should increase by 48% and livestock products - by 76%. However, further development of 


irrigation is facing shortage of surface water and groundwater, increasing water demand from the 


public, industry, energy and so forth. 


Unacceptably high intake causes changes in the regime of water bodies. In these conditions it is 


necessary to take decisive steps aimed at improving water supply to agriculture: increasing 


agricultural productivity of water resources, wastewater reuse, use of saline water, construction 


of reservoirs, the import of "virtual" water, etc. The main factors contributing to the steady 


decrease in water consumption. - the introduction of intensive water-saving irrigation 


technologies, integrated water resources management. 


Russia may become one of the market leaders in water-intensive products. First of all it is 


important for agricultural products. It has a number of advantages, because the rich and the land, 


and water (9% of the world's arable land and 20% of global fresh water resources). The ability to 


provide the population of the country with food and still have their surplus for export in recent 


years has become increasingly serious competitive advantage. The restructuring of the structure 


of the world economy creates exceptionally favorable conditions under the pressure of the threat 


of a global water crisis for water supply countries, as the inevitable increase in demand and 


prices for water-intensive products. 
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WATER RESOURCES AND 
FOOD SECURITY: 


RUSSIAN AND ASIAN 
PARTNERSHIP 







THE SHARE OF EAST, SOUTH AND CENTRAL ASIA IN 
RESOURCES, MANUFACTURING AND INFRASTRUCTURE, % 


OF THE WORLD 
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INTERNAL RENEWABLE FRESHWATER RESOURCES 
PER CAPITA (M 3) 







IN THE MIDDLE OF THE TWENTIETH CENTURY THE RATIO OF WATER 
DEMAND TO RENEWABLE WATER RESOURCES WAS LOW (<10%) OR 


MODERATE (10-20%) IN MOST REGIONS, WHERE MORE THAN 75% OF 
THE POPULATION LIVED. BY 2010, THE SITUATION CHANGED RADICALLY. 
CURRENTLY, MORE THAN 70% OF ASIA'S POPULATION LIVES IN REGIONS 


WITH A HIGH (20-40%) PRESSURE ON WATER RESOURCES 


FRESHWATER WITHDRAWAL AS % TOTAL ACTUAL RENEWABLE FRESHWATER RESOURCES 







OVER THE PAST DECADES A SIGNIFICANT INCREASE IN WATER 
CONSUMPTION IN ASIA (MORE THAN JOINT CONSUMPTION IN OTHER 
PARTS OF THE WORLD) HAVE OCCURRED. THE LARGEST INCREASE IS SEEN 
IN COUNTRIES WITH RAPID ECONOMIC DEVELOPMENT - CHINA, INDIA, 
THAILAND, VIETNAM, INDONESIA, PHILIPPINES. 


WITHDRAWAL OF FRESH WATER FOR USE IN ASIAN COUNTRIES, BILLION M3 







IN MOST CENTRAL ASIAN COUNTRIES WATER CONSUMPTION WAS REDUCED 
BY 25-40%. THE CAUSES OF IT ARE THE REDUCTION OF THE PROPORTION OF 
WATER CAPACITY CROPS (COTTON, RICE, ALFALFA), THE WIDESPREAD 
INTRODUCTION OF INTEGRATED MANAGEMENT OF WATER RESOURCES, 
REDUCTION OF UNPRODUCTIVE WATER LOSSES, TAKING INTO ACCOUNT THE 
DEVELOPMENT OF THE USE OF WATER. 


WITHDRAWAL OF FRESH WATER FOR USE IN ASIAN COUNTRIES, BILLION M3 







DAILY HUMAN NEEDS FOR WATER 
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Production 
food 


Household 
needs 


Drinking 
needs 


3 000 L 30 – 300 L 2 – 4 L 







THE QUESTION IS: HOW BIG IS A TREND OF 
FURTHER INCREASE IN WITHDRAWAL OF 
WATER RESOURCES DUE TO INCREASING 
POPULATION AND THE NEED TO PROVIDE IT 
WITH FOOD? DEMOGRAPHERS PREDICT THAT 
BY 2030 THE WORLD POPULATION WILL 
APPROACH 8 BILLION, AND BY 2050 WILL 
EXCEED 9 BILLION PEOPLE. THE POPULATION 
WILL CONTINUE TO GROW IN THE LEAST 
DEVELOPED AND DEVELOPING COUNTRIES. 







IN MOST DEVELOPING COUNTRIES OF ASIA THE SHARE OF THE AGRICULTURAL 
SECTOR IS 75-90% OF THE VOLUME OF WATER USED, AND ONLY 10-25% - IN 
INDUSTRY AND UTILITIES. 







MEASURES TO IMPROVE WATER AVAILABILITY 
AGRICULTURE 
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POPULATION GROWTH AND RISING LIVING STANDARDS IN 
DEVELOPING COUNTRIES WILL LEAD TO AN INCREASE IN 
FOOD CONSUMPTION, IN PARTICULAR, MORE EXPENSIVE 
FOODS, SUCH AS FRUITS, VEGETABLES AND FOODS OF 
ANIMAL ORIGIN (MEAT, MILK, EGGS AND FISH). 


THE INCREASE BY 76% BY 2050 


IN THE FORMATION OF A GLOBAL AGRICULTURAL TRENDS 
WILL PLAY A LEADING ROLE IN ASIA, WHERE MORE THAN HALF 
OF THE WORLD'S POPULATION LIVE AND WHERE DISPOSABLE 
INCOME HAS GROWN RAPIDLY. 


THE INCREASE BY 48% BY 2050 


 







GRAIN IS THE MOST IMPORTANT FOUNDATION IN THE HUMAN DIET. DESPITE THE 
RAPID GROWTH OF THE POPULATION IN MANY COUNTRIES, PRODUCTION OF 
GRAIN PER CAPITA INCREASED. IN CHINA, THE GROWTH OF GRAIN PRODUCTION 
IS INSIGNIFICANT. IT IS CAUSED BY DEFICIENCY OF LAND (ONLY 9% OF THE AREA 
IS USED FOR AGRICULTURAL PURPOSES), PROGRESSIVE SOIL EROSION. 


GRAIN PRODUCTION PER CAPITA, KG  







THE COMBINATION OF POPULATION GROWTH, URBANIZATION AND INCREASING 
LIVING STANDARDS HAS LED TO AN EXPLOSIVE INCREASE IN DEMAND FOR MANY 
KINDS OF PRODUCTS, AND ASIA TURNED IN THE FASTEST GROWING AND 
PROMISING MARKET. RESIDENTS REDUCED CONSUMPTION OF RICE AND NOODLES, 
AND BEGAN TO ACTIVELY INCLUDE PROTEIN FOODS IN PEOPLE’S DIET.  THE 
REGIONAL AVERAGE PER CAPITA OF MEAT PRODUCTION FOR THE 1990-2013 
INCREASED TWICE 


MEAT PRODUCTION PER CAPITA, KG  







RUSSIA MAY BECOME ONE OF THE MARKET LEADERS IN WATER-INTENSIVE 
AGRICULTURAL PRODUCTS. SOME OF THE RESOURCES NEEDED FOR 
AGRICULTURE, HAVE RECENTLY BECOME SCARCE, ESPECIALLY ARABLE LAND. 
ONLY 9% OF THE EARTH'S SURFACE CAN BE USED FOR ARABLE LAND AND 
THE DEVELOPMENT OF A CROP ON OTHER AREAS IS EXTREMELY COSTLY. 
SINCE THE MID-1990S, THE WORLD'S ARABLE LAND AREA PER ONE PERSON 
HAS DECLINED BY 50%. NO LESS IMPORTANT IS THE PRESENCE OF A 
SUFFICIENT AMOUNT OF FRESH WATER. 







GRAIN EXPORTS FROM RUSSIA IS GROWING (MORE THAN 70% 
WHEAT). IT HAS GREAT POTENTIAL FOR EXPANSION OF CULTIVATED 
AREAS AND TO INCREASE THE PRODUCTIVITY OF GRAINS. THE MAIN 
BUYER COULD BE CHINA, WHERE THERE IS A SLIGHT INCREASE IN 
WHEAT PRODUCTION. 







RUSSIA’S POSSIBILITIES 


• MEAT IS A PROMISING PRODUCT IN THE MANUFACTURE OF 
WHICH RUSSIA CAN SUCCEED.  


• ACCORDING TO FORECASTS OF FAO EXPERTS, MEAT 
CONSUMPTION PER PERSON IN EASTERN ASIA WILL 
INCREASE BY 2 TIMES BY 2050. 


• MEAT PRODUCTION REQUIRES A HUGE AMOUNT OF WATER 
(MORE THAN 15 000 LITERS PER 1 KG), WHICH ASIAN 
COUNTRIES DO NOT HAVE. 


• EVEN CHINA, WHICH PRODUCES 27% OF THE GLOBAL MEAT 
PRODUCTION, IS FORCED TO INCREASE IMPORTS OF MEAT 
BY SCORES OF PERCENT A YEAR. 
 







SAFE DRINKING WATER 


• 400 CHINESE CITIES OF TOTAL 660 ARE CONSTANTLY 
HAVING SHORTAGE IN SAFE DRINKING WATER, AND 110 
CITIES ARE HAVING SEVERE SHORTAGE 


• 3/4 OF THE POPULATION IN RURAL AREAS STILL DRINK 
WATER THAT IS NOT SAFE FOR HEALTH 


• INCOME OF THE URBAN POPULATION GROWS BY AN 
AVERAGE OF 10% PER YEAR, AND THE NUMBER OF 
FINANCIALLY RELIABLE POPULATION IS VERY HIGH 


• IN INDIA THE SHORTAGE OF SAFE DRINKING WATER IS ALSO 
GROWING AND LIFESTYLE IS CHANGING 







MARKETS OF BOTTLED WATER IN EAST AND SOUTH ASIA ARE THE 
FAST-GROWING IN THE WORLD. CONSUMPTION RATE GROWTH IS 
MUCH HIGHER THAN THE AVERAGE LEVEL IN THE WORLD. EVEN 
DURING THE ECONOMIC CRISIS OF 2008-2009 SALES FELL SLIGHTLY. 







CONSUMPTION OF DRINKING WATER IN ASIA INCREASED 
DRAMATICALLY BECAUSE OF THE RISE IN LIVING STANDARDS AND 
THE GROWTH OF THE DEFICIT OF SAFE DRINKING WATER. CHINA IS 
INTERESTED IN SUPPLIES OF BOTTLED WATER FROM LAKE BAIKAL. 
SHORTAGE OF SAFE DRINKING WATER IN ASIA WILL ONLY INCREASE, 
AND RUSSIA SHOULD USE ITS COMPETITIVE ADVANTAGES. 
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Irrigation management for improvement of water resources utilization in irrigated 


agriculture 


Golovinov E.E. 
Moscow, FGBNU VNIIGiM A.N.Kostyakova, 


 
The aim of the research is to develop the models and analytical models for operational 


management system of irrigation of agricultural crops in a closed irrigation system, in order to 


optimize organizational and technological parameters of execution of irrigation works, taking 


into account technical and environmental constraints. 


To achieve this aim the following tasks were performed: (i) analysis of an existing 


approaches to the issues connected with the scheduling of irrigation works in a closed irrigation 


system; (ii) a hydraulic model of the irrigation network that is simulating the work of the system 


with random combination of the inclusion of irrigation engineering was developed; (iii) scenario 


studies for the hydraulic model were carried out. 


The functions of the irrigation management systems are based on the solution of a set of 


related tasks of planning and subsequent management of the water distribution, including the 


management by coordinating the timing and volume of water supply with the work of irrigation 


engineering. Irrigation operational management in large irrigation systems can be divided into 


two phases: planning of irrigation using agrometeorological parameters and subsequent 


organizational and technological implementation of irrigation using the parameters set. 


Operational management plays an important role in the efficient use of water, technical, energy 


and labor resources, providing favorable conditions for growth of agricultural crops. 


Development of information systems of agricultural crops irrigation operational management 


aimed for the effective use of technical facilities of hydro-reclamation systems, land, water and 


labor resources, is a critical task. 


Operating control unit of work of irrigation equipment in real-time is integral for 


irrigation systems work that allows: (i) saving water, land, energy, material, labor and time 


resources; (ii) ecological safety; (iii) increasing the productivity and stability of production. 


The management system of irrigation is designed to implement the calculated operational 


plan for the irrigation through the scheduling of operation of SE (sprinkler equipment) and 


pumping station for a predetermined period, aligned with hydraulic irrigation network and the 


available labor resources. 


In the existing practice of calculations, constant values of pressure at the entrance of the 


machine and characteristics of the rain are usually used, this does not meet the real conditions of 


SE work To control erosion impacts within acceptable bounds requires pairing process 


parameters SE hydraulic mode of operation of irrigation network, providing non water flow the 







implementation of irrigation to a given norm. It's doable, provided strict control over the 


intensity and quality of rain, time in position, and recording of the absorbency of the soil. Such 


requirements have been tightened on irrigated lands with higher slopes. 


When calculating erosion load was taken into account technological parameters of 


irrigation and hydraulic work mode of SE. The hydraulic model based on the proposed method 


allowed in the numerical experiment with the required resolution to obtain hydraulic 


characteristics of the network when any combination of the inclusion of SE. 


Figure 1 shows the results of calculating the infiltration rate for grey forest soils. In zone 


1 irrigation to strive for the best, as the rain intensity does not exceed the allowable. Area 2 


reflects moisture deficit, namely, that in this period of time watering should be carried out with 


greater intensity of rain. Zone 3 - the formation of puddles and surface runoff. 30 to 37 minute 


watering of the observed increase in surface runoff. 37 through 46-minute surface runoff 


decreases to zero as the intensity of rain below acceptable. During this period, in zone 4 there is 


absorption of the excess moisture passing after 46 minutes in the phase of filtering. After 50 


minutes there is a pronounced transition to zone 3, when there is excess moisture and begin to 


form puddles. For gray forest soils with weak local changes of slope (less than 0.05) the amount 


of surface runoff does not lead to the formation of erosion. 


 
Fig. 1. The dependence of the volume of surface runoff, irrigation norms, absorbency and 


variable rain intensity from time to time. The figures indicate the zones are characteristic of 


various stages of the interaction of water and soil. 


Figure 2 shows an example of calculation with a constant rain intensity I=0.27 mm/min. a 


Consequence of this approach underestimated the volume of surface runoff; overwatering due to 


incorrect determination of irrigation norms 







 
Fig. 2. The dependence of the volume of surface runoff, irrigation norms, absorbency and 


the constant rain intensity from time to time. The figures indicate the zones are characteristic of 


various stages of the interaction of water and soil. 


Conclusions 


According to the results of experimental and theoretical studies, have developed methods 


to create a simulation model of the irrigation system in the form of a set of software tools (in 


Matlab). The model is designed to perform hydraulic analysis of functioning of the irrigation 


system using a database of parameters of network elements and describe the structure of the 


irrigation system by means of GIS. 


The proposed algorithm the pressure-flow characteristics of distribution networks with an 


arbitrary combination of the inclusion of SE-based operations pre-formed functions to describe 


the pressure-flow characteristics of each of the network elements, including irrigation equipment. 


The use of this algorithm in the hydraulic model provides high-speed (0,0003 sec.) and the 


required accuracy of the calculation (0,0035 MPa) of the definition of operating points (pairing 


mode of operation of the pumping station with the feature of distribution water supply network) 


and the pressure at the hydrants. 
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Simulation modelling for operational 
management of irrigation system 


• The aim of the research is to develop the models and analytical 
models for operational management system of irrigation of 
agricultural crops in a closed irrigation system, in order to optimize 
organizational and technological parameters of execution of irrigation 
works, taking into account technical and environmental constraints. 


• To achieve this aim the following tasks were performed: (i) analysis 
of an existing approaches to the issues connected with the scheduling 
of irrigation works in a closed irrigation system; (ii) a hydraulic model 
of the irrigation network that is simulating the work of the system 
with random combination of the inclusion of irrigation engineering 
was developed; (iii) scenario studies for the hydraulic model were 
carried out. 
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Functions of the irrigation management (1 of 2) 


• The functions of the irrigation management systems are based on the 
solution of a set of related tasks of planning and subsequent management 
of the water distribution, including the management by coordinating the 
timing and volume of water supply with the work of irrigation 
engineering. Irrigation operational management in large irrigation 
systems can be divided into two phases: planning of irrigation using 
agrometeorological parameters and subsequent organizational and 
technological implementation of irrigation using the parameters set. 
Operational management plays an important role in the efficient use of 
water, technical, energy and labor resources, providing favorable 
conditions for growth of agricultural crops.  


• Operating control unit of work of irrigation equipment in real-time is 
integral for irrigation systems work that allows: (i) saving water, land, 
energy, material, labor and time resources; (ii) ecological safety; (iii) 
increasing the productivity and stability of production. 
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• The management system of irrigation is designed to implement the 
calculated operational plan for the irrigation through the scheduling of 
operation of SE (sprinkler equipment) and pumping station for a 
predetermined period, aligned with hydraulic irrigation network and the 
available labor resources. 


• In the existing practice of calculations, constant values of pressure at the 
entrance of the machine and characteristics of the rain are usually used, 
this does not meet the real conditions of SE work To control erosion 
impacts within acceptable bounds requires pairing process parameters SE 
hydraulic mode of operation of irrigation network, providing non water 
flow the implementation of irrigation to a given norm. It's doable, 
provided strict control over the intensity and quality of rain, time in 
position, and recording of the absorbency of the soil. Such requirements 
have been tightened on irrigated lands with higher slopes. 
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Functions of the irrigation management (2 of 2) 







Pump performance 1Д315-50 


Parameters of the pumping station and 
sprinkler technique 


Head-capacity curve of 8 working sprinklers 
with allowance for geodesic pressure loss 
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• The second division of Luzinskaya irrigation system AO “Omasky Bekon" 
Russian Federation the Omsk Region 


Geographic information system 
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In model calculations of hydraulic losses along the length of the pipeline used 


the formula of Weisbach-Darcy to turbulent steady uniform motion of the liquid. 


For circular pipes the dependence of losses on the length is:  


g2
V


D
lh


2


l ⋅
⋅= λ ,  


where l – length of pipeline; V  – average velocity; D – diametr of pipeline. 


The Darcy-Weisbach friction factor, λ , can be found using the Colebrook-White 


equation for fully developed turbulent flow, as follows: 











 ∆
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where k = roughness height (m); R = hydraulic radius (m); Re = Reynolds 
number (unitless); 
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= ; Q – discharge. 


 Hydraulic calculation of pipeline  
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Example of hydraulic calculation (1 of 2) 
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Example of hydraulic calculation (2 of 2) 
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Result of hydraulic calculation 
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When calculating erosion load was taken into 
account technological parameters of irrigation 
and hydraulic work mode of sprinkler 
equipment. 


The hydraulic model based on the proposed 
method allowed in the numerical experiment 
with the required resolution to obtain 
hydraulic characteristics of the network when 
any combination of the inclusion of sprinkler 
equipment. 







Graphical user interface and the result of 
hydraulic calculation 
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The dynamic of infiltration capacity for gray forest soil. 
Generation of surface-water flow and irrigation rate 
depending on rainfall density. 1 — pressureless 
infiltration; 2 — moisture deficit. Area where irrigation 
rate can be much higher; 3 —Generation of surface-water 
flow; 4 — pressure infiltration with a reduction of 
surface-water flow thickness 
 







Short-term horizon of the irrigation works 
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Possible choices of the irrigation works on a 
short-term horizon 
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Incomplete irrigation schedule 
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Optimal irrigation schedule 
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Optimal irrigation schedule 
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Parameters of the pumping station 
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Insights 
• By the results of experimental and theoretical studies have developed methods to 


create a simulation model of the irrigation system in the form of a set of software 
tools. The model is designed to perform hydraulic analysis of functioning of the 
irrigation system using a database of parameters of network elements and 
describe the structure of the irrigation system by means of GIS. 


• The proposed algorithm the pressure-flow characteristics of distribution networks 
with an arbitrary combination of the inclusion of DT-based operations pre-
formed functions to describe the pressure-flow characteristics of each of the 
network elements, including irrigation equipment. The use of this algorithm in 
the hydraulic model provides high-speed (0,0003 sec.) and the required accuracy 
of the calculation (0,0035 MPa) of the definition of operating points (pairing 
mode of operation of the pumping station with the feature of distribution water 
supply network) and the pressure at the hydrants. 
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Management of hydrological processes in a river catchment on the basis of modern 
agrotechnologies application  


S. V. Yasinskii, E.A.Kashutina 


Institute of Geography Russian Academy of Sciences 


 The basic hydrological processes on the catchments that effect agricultural production are the 
surface slope run-off and the soil erosion caused by it during the spring period, and the total 
evaporation during the warm period of the year. Facing the challenge a lot of countries have 
turned to soil cultivation agrotechnologies which bring agroecosystems closer to natural 
geosystems. These agrotechnologies minimise the impact on soil and simultaneously create 
different kinds of protective, mulching coverings. Such coverings are considered to be top humus 
essential in natural geosystems. 


 A lot of experimental investigations are devoted to support the soil and water protection 
technologies in agriculture, proving their effective role in the crop productivity increase, 
improvement of the soil structure, its fertility and humidity conditions, reduction of unproductive 
evaporation and soil erosion intensity. However results of these investigations are received for 
given physiographic conditions, in case of different schemes of experiments, often very short, 
not covering all the possible range of hydrometeorological impacts and cannot be applied to 
forecast the effective role of these agro technologies for the territories with a variety of soil and 
climatic conditions. The main way to reason the application of these agro technologies aimed at 
managing hydrological processes on catchments effectively is to develop models of these 
processes as to natural conditions of their forming and for various scenarios of application of this 
or that agrotechnology. 


In this work the impact of a straw mulch of various height on a surface slope run-off 
during spring snowmelt, depth of the soil freezing at the beginning of snowmelt, run-off 
coefficient and the structure of water balance in general of a small water catchment in the 
Central forest-steppe (Kursk region) is considered. The straw mulch efficiency is compared with 
other traditional agrotechnologies, such as tillage practice, etc. The impact assessments of 
different agrotechnologies are received with the help of dynamics-stochastic model of spring 
surface slope run-off development. In this model the slope of a small river catchment is 
considered as a set of sites with various run-off forming properties. These properties are caused 
by irregular stochastic nature of snow cover distribution on a slope and water permeability of 
frozen soils. Spatial heterogeneity of snow cover on a slope depends on weather conditions of 
the winter period, microrelief, availability of vegetation. The major factors causing water 
penetration of the soil are the type of a soil cover, depth of soil freezing and thawing, and also 
humidity of the upper horizons of the soil by the time of the beginning of snowmelt. Process of 
absorption on the whole slope is substantially caused by frost penetration depth variations as soil 
humidity along a slope changes slightly. The depth of soil freezing depends on snow cover 
capacity on a given part of a slope. In this regard it is supposed that spatial distribution of slope 
sites with various water penetration submits to the same statistical regularities, as the field of 
snow cover. 


Input data for calculations of a hydrographer and slope flow volume by this model are: 
precipitation and air temperature during winter and snowmelt period, the maximal water 
equivalent of snow cover, values of soil humidity at the beginning of snow melting, and also 
hydrophysical characteristics of snow and soil.  







Calculations showed that the model very realistically describes process of surface slope 
run-off development during the spring snowmelt. In particular, the coefficient of correlation 
between the calculated and measured values of flow hydrographers averaged Rk = 0.85, and 
criterion of quality of calculation – s / √ Ds=0.52, where s – mean root square deviation of the 
calculated and measured volumes of a daily slope flow, Ds – dispersion of the measured values 
of a daily slope flow. Results of model calculations show a rather high level of adequacy to the 
data of the actual observations and allow to consider it as a reliable method to assess the 
effectiveness of various agrotechnical and others melioration (in a broad sense) measures aimed 
to manage the hydrological processes during the spring period. 


 Results of calculations by dinamics-stochastic model of hydrological processes in a small 
water catchment in vivo and under the influence of a straw mulch and other agro technologies 
during the snowmelt period allowed to draw the following conclusions: 


 1. Fall straw mulching is a very efficient agro technology in the hydrological relation. Its 
application has significant effect on decrease of soil freezing depth, improves spring water 
penetration conditions, decreases a spring slope flow as the main factor causing soil erosion, 
ravines erosion, diffuse pollution of reservoirs and other negative processes on small river 
catchments. In practice its application is real in the course of a crop rotation within one 
economy. 


 2. Influence of a straw mulch on a surface slope run-off development during the winter and 
spring periods, different in weather conditions, shows not equally, however, on average, the 5-
10-centimeter layer of a straw mulch in not frosty winters provides the total absorption of spring 
water on all types of agrosystems, and in the frostiest winters is capable to bring closer the size 
of a slope run-off to critical value at which the total absorption of spring water occurs. 
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The basic hydrological processes on the catchments effecting agricultural 
production are: 
 
•during spring period - the surface slope runoff and the soil erosion  
caused by it; 
•during the warm period - the total evaporation.  







Today in many countries, including BRICS, to 
manage hydrological processes such soil 
cultivation agrotechnologies are used as those 
bringing agroecosystems closer to natural 
geosystems.  







These agrotechnologies minimise the influence 
on soil and simultaneously create different 
kinds of protective, mulching coverings. Such 
coverings are considered to be top humus 
essential in natural geosystems 
 







The main way to reason the application of these agro 
technologies aimed to manage hydrological processes on 
catchments effectively is to develop the  models of these 
processes as to natural conditions of their forming and for 
various scenarios of application of this or that 
agrotechnology. 







Autumn 


Spring A – the first type of surface 
(autumn plowing and under-
winter fallow) 







B – the second type of surface (compacted soil): autumn 
plowing and sowing of winter crops 







 


Compacted soil: stubble 







Compacted 
soil: snowmelt 
on a meadow 







The results of straw mulch influence on the soil hydrothermal regime in the cold 
period of the year are based on the research tests carried out at Kursk station in the 
1987/1988 during the winter-spring period [Yasinsky, 1994]. The essence of these 
works was the following: the snow depth by permanent snow stakes and the depth 
of soil freezing by Danilin cryopedometer were measured every ten days at three 
small locations (1.5 x 1.5 m) - steam  area without vegetation, similar location 
covered by 8-10 cm straw mulch and natural grass area. 







        Snow height, cm 
            Depth of soil freezing, cm: 
                   the soil with mulch       .  
                   the soil with natural vegetation               
                   the fallow  


cm 


The results show that under the same weather conditions (snow height 
data averaged for all sites) straw mulch decreases the soil freezing depth 
approximately twice compared to the fallow. The soil thermal regime of 
the mulch location turned out to be close to the area with natural 
vegetation. 







 The impact assessments of different 
agrotechnologies are received with the help of 
dynamics-stochastic model of spring surface 
slope runoff development. 







To settle the problem the author used observation data obtained at 


Kursk Biosphere Station of the Institute of Geography of the Russian 


Academy of Sciences and the objects of the Russian Research Institute 


of Farming and Soil Erosion Control for 1979-1985. 
  











Objects Years (winter–spring) 
Objects of KBS, Institute of Geography 


Hydrological experimental plot (north-facing slope of 
the watershed “Paninskij”.  The winter fallow) 


1979–1981 


Hydrological experimental plot (south-facing slope 
of the watershed “Paninskij”.  The winter fallow 


1979–1981 


“Paninskij” Watershed 
                                    The winter fallow, 
                                    Perennial grasses 
                                   The winter fallow 
  


  
1980–1981 
1981–1983 
1983–1985, 


Objects of the Institute of  Soil Erosion Control 
Plowing, under winter fallow (north-facing slope), 
20–22 cm 


1980- 1985 


Plowing, under winter fallow (south-facing slope), 
20–24 cm 


The same 


Stubble:  
               north-facing slope  
               south-facing slope 


  
- || - 
- || - 


Flat-cut   treatment: 
                              north-facing slope 
                              south-facing slope 


  
- || - 
- || - 


Without traditional treatment, 
mulching 


- || - 


Flat-cut treatment and mulching - || - 


Plowing and sawing of crops - || - 


Experimental objects 







Dynamic–stochastic model for the spring surface slope runoff 
formation 


Main provisions adopted in the model are:  


 


•The slope of a small river catchment is considered as a set of sites with 


various run-off forming properties. These properties are caused by irregular 


stochastic nature of snow cover distribution on a slope and water 


permeability of frozen soils.  


•The main factors determining soil water permeability, as well as the 


intensity and volume of ingrained water are humidity and soil freezing depth 


to the beginning of the snow melting; 


•The depth of soil freezing is related to the snow capacity at a certain slope. 


•Distribution of snow cover on the slope is described by irregular stochastic 


processes 







1. stochastic distribution patterns of snow cover on a slope before 
snowmelting are identified; 
2. a calculation technique for water yield loss from snow at an 
elementary slope is developed; 
3. dependences to assess frozen soil permeability, volume and 
dynamics of the accumulation of melt-water due to infiltration and 
surface retention are obtained; 
4. an algorithm for a general description of the formation of the 
spring slope runoff is developed 







i0 - the number of segments on the slope 
j0 - number of days in the period 
N0 - number of scenarios 
B -  the integral characteristic of water     
permeability of the soils 
W – soil moisture 
M – the  water reserves in the snow (snow        
storage) 
 ξ -  freezing depth 







Calculations showed that the model very realistically describes process of 


surface slope runoff development during the spring snowmelt. In 


particular, the coefficient of correlation between the calculated and 


measured values of flow hydrographs averaged Rk = 0.85, and criterion 


of quality of calculation – s / √ Ds=0.52, where s – mean root square 


deviation of the calculated and measured volumes of a daily slope flow, 


Ds – dispersion of the measured values of a daily slope flow. Results of 


model calculations show a rather high level of adequacy to the data of the 


actual observations and allow to consider it as a reliable method to assess 


the effectiveness of various agrotechnical and others melioration 


measures aimed to manage the hydrological processes during the spring 


period. 







Yc, mm 


Ym, mm 


The measured  (Ym) and calculated (Yc) volumes of melted slope runoff 







A B 


C D 


The measured (1) and calculated 
(2) values of flow hydrographs:  
A - Hydrologic experimental plot 
– a mowed steppe, Central 
Chernozem state natural 
biosphere reserve, 1979; 
B - Hydrologic experimental plot 
(north-facing slope of the 
catchment “Paninskij”;  under 
winter fallow, 1980; 
C - “Paninskij” catchment;                         
perennial grasses, 1983; 
D - “Paninskij” catchment; under 
winter fallow, 1985 
  
 







Results of calculations by 


dynamic-stochastic model of 


hydrological processes in a small 


water catchment under the 


influence of a straw mulch and 


other agro technologies   
  
 
 
 
 











M
ul


ch
 la


ye
r, 


cm
 Under winter fallow (20–22 cm) Another surfaces (“compacted soil”) 


snow 
reserves + 
precipitation, 
mm 


runoff, 
mm/% of 
snow 
reserves 


infiltration, 
mm/% of  
snow 
reserves 


decrease in 
runoff due to 
mulching,, 
mm 


increase of 
infiltration 
due to 
mulching, 
mm 


snow 
reserves+ 
precipitation 


runoff, 
mm/% of 
snow 
reserves 


infiltration,  
mm/% of 
snow 
reserves 


decrease  in 
runoff due to 
mulching, 
mm 


increase of 
infiltration 
due to 
mulching, 
mm 


1979/1980 
0 72 27/37 45/63 0 0 - - - - - 
3 72 5/7 66/93 22 22 - - - - - 
6 72 1/1 71/99 26 26 - - - - - 


1980/1981 
0 86 37/43 49/57 0 0 98 61/62 38/38 0 0 
4 86 7/9 79/91 30 30 98 32/33 66/67 29 28 
6 86 2/3 84/97 36 36 98 13/13 85/87 48 47 
7 86 1/1 85/99 36 36 98 6/6 92/94 55 54 
9 86 0/0 86/100 37 37 98 1/1 97/99 59 59 


1981/1982 
0 79 22/28 57/72 0 0 85 38/45 47/55 0 0 
6 79 3/4 76/96 19 19 85 4/5 81/95 34 34 
7 79 2/3 77/97 21 20 85 3/4 82/96 35 35 
10 79 1/1 78/99 22 22 85 0/0 85/100 38 38 


1982/1983 
0 76 13/ 63/83 0 0 84 26/41 58/59 0 0 
2 76 2/3 73/97 11 10 84 5/5 79/95 21 21 
4 76 0/0 75/100 12 12 84 1/1 83/99 25 25 


1983/1984 
0 21 1/1 20/99 0 0 22 4/18 18/84 0 0 
6 21 6/30 14/70 -5 -6 22 10/45 12/55 -5 -5 
10 21 4/20 16/80 -3 -3 22 12/55 10/45 -7 -7 
14 21 1/1 20/99 0 0 22 10/45 12/55 -5 -5 
20 21 0/0 21/100 1 1 22 1/1 21/99 3 4 


1984/1985 
0 103 40/39 63/41 0 0 103 80/78 23/22 0 0 
5 103 2/1 102/99 39 40 103 86/84 18/16 -6 -5 
8 103 0/0 103/103 40 40 103 83/81 20/19 -3 -3 
20 103 0/0 103/103 40 40 103 14/14 90/86 67 68 


Components of the calculated water budget on slopes at different mulch thickness 







Results of calculations by 
dynamic-stochastic model of 
hydrological processes in a 
small water catchment in vivo 
and under the influence of a 
straw mulch and other agro 
technologies during the 
snowmelt period allowed to 
draw the following 
conclusions: 







 


1. Fall straw mulching is a very efficient agro technology in the 
hydrological relation. Its application has significant effect on decrease 
of soil freezing depth, improves spring water penetration conditions, 
decreases a spring slope flow as the main factor causing soil erosion, 
ravines erosion, diffuse pollution of reservoirs and other negative 
processes on small river catchments. In practice its application is real 
in the course of a crop rotation within one economy. 
 


2. Influence of a straw mulch on a surface slope runoff development 
during the winter and spring periods, different in weather conditions, 
shows not equally, however, on average, the 5-10-centimeter layer of a 
straw mulch in not frosty winters provides the total absorption of 
spring water on all types of agro-systems, and in the frostiest winters is 
capable to bring closer the size of a slope runoff to critical value at 
which the total absorption of spring water is occured. 







Application of non-traditional agricultural 
techniques requires further research in different 
aspects. The results of special experiments in 
different natural zones need theoretical 
generalization to make these techniques more 
effective. 







Thanks! 
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USE OF THE SIMULATION MODEL OF IRRIGATION SYSTEMS FOR 


WATER MANAGEMENT OPTIMIZATION IN AGRICULTURAL 


PRODUCTION ON IRRIGATED LANDS 


 


 


Goals and objectives 


1) The aim of the optimization of irrigation regime (for maximization of the 


yield and efficiency of irrigated agriculture) is to determine the optimal timing and 


size of the deficits in water consumption, which appear because of uncertainty of 


meteorological factors on the phases of plant development during the growing sea-


son. 


2) To decide an issue of the efficiency of irrigated agriculture improving 


through the use of rational irrigation regimes, we need to move to the problem of 


the optimal operational control of the irrigational mode. In formulating of the op-


timal operative management of irrigation we should take account of the impact on 


the process characteristics of irrigation watering techniques, the area of irrigated 


land served by one machine, the characteristics of farming crops and natural char-


acteristics of the reclamation field. 


 


The foregoing requirements are the basis of the informational system of the 


operational management of irrigating crops in a closed irrigation system. Informa-


tional support of the watering management is based on the solution of optimization 


problems of seasonal planning of water allocation in the fields and crops (the cal-


culation of a crop water requirements), planning the distribution of irrigation water 


application during the vegetation period (operational calculating of the irrigational 


mode by agro-meteorological parameters) and operating control actuators and 


technical means of production irrigation. The latter task is aimed at optimizing of 


the organizational and technological parameters of the implementation of irrigation 


works and the effective usage of technical means of closed irrigation system, in-


cluding pumping station, distribution network and sprinkler equipment. 
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Basic research methods 


The basic research method is the use of computer simulation of irrigation 


systems to perform series of mathematical experiments 


 


Work results 


Computer simulation system for water management optimization in agricul-


tural production on irrigated lands has a number of undoubted advantages that al-


low for its universal application, which enables operation of the IS on a new scien-


tific and technical level to monitor the quality of managerial decisions (in the ob-


jective function) and the mode of operation of the main components of the irriga-


tion system (projected and actual productivity of crops, hydraulic characteristics of 


irrigation networks). 
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Computer imitation model 
application for water 


management optimization in 
agriculture 
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Research Institute of Hydraulic 
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Introduction 
High quality technical equipment is typical for closed irrigation systems. It 
ensures economical water usage and rational land use. Design of such systems 
provides automation of water distribution on sites, including those with 
rugged topography. Use of information technology management for closed 
irrigation systems can solve a number of problems arising in the course of 
their operation.  


Watering management is a continuous process that includes: 


• collecting, processing and analysis of the initial monitoring data;  


• preparation an input data for optimization purposes and consistent 
implementation of obtained optimization programs; 


• analysis of simulation results and management decisions making that take 
the form of the output documents defining the sequence and technological 
characteristics of irrigation works;  


• control over the execution of  implemented organizational and technological 
measures. 
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Irrigation management block is a hierarchical 
structure of the multilevel closed irrigation 
network 


    Irrigation management block allows to: 
 create a plan of available irrigation water distribution on fields 


and crops for the current irrigational period (the spatial 
distribution of water resources, the calculation of crop water 
requirements); 


 operationally plan the regimes of the crops irrigation on fields 
(temporal distribution of water resources in the fields) taking into 
account given irrigation water requirements, current and 
forecasted weather conditions, crop conditions and soil 
absorbency, characteristics of sprinkling machines; 


 form an irrigational works operating plan that satisfies the 
requirements of the crops irrigation regimes, including manned  
activity network for irrigation using sprinkling machines, 
technological characteristics of these machines in every day 
watering and pump stations work schedule for a current 
irrigational cycle (1-2 weeks). 
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  The following three main groups of factors must be taken into 
account in the informational and technological process of 
irrigation management: 


 The first group consists of natural and agronomic conditions 
(soil, meteorological and hydrological factors, crop rotation, 
composition and crop varieties, composition and quantity of 
fertilizers, timing of the major agro technical activities).  


 The second group represents the structural and technological 
factors (irrigational networks types and design, pumping 
stations, irrigational equipment, availability and capacity of 
drainage system).  


 The third group consists of organizational and technological 
factors (availability of labor, water, fertilizers and process 
control tools).                                         


 
 Irrigation management informational and technological process 


includes optimal water distribution within an irrigation system 
(IS), that provides the most efficient allocation of water that is 
used in of the crop rotation, taking into account all the 
technical characteristics of the irrigational network and 
resource constraints, and environmental requirements 
compliance. Water distribution within IS is determined by 
seasonal and operational irrigation plans. 
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Operative irrigation conditions 
(appointment of irrigation norm and watering date) 
 
1. Appointment of watering works 


is carried out on agro meteo 
parameters with the use of 
imitating dynamic models for 
various agricultural crops. 


2. Daily meteorological 
information (actual and 
forecasted) is used for the 
calculation of plants growth 
and their water exchange with 
the soil and the atmosphere. 
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Solar Radiation, cal/cm2 Wind, m/sec 


Air temperature, min and max, C 
day 


day 
Air humidity, % Precipitation, mm 


day 


Date Sun 
(F2) 


j/cm2 


Temperature Precip., 
 


mm 


Air 
humid.,


% Min Max 


Wind, 
 


m/sec 







The basic characteristics and components of 
imitating model agrocenosis 
 The model simulates: 
1) Processes proceeding and developing in 


time (photosynthesis, growth and 
development of plants, biomass 
accumulation, crop formation); 


2) Processes developing in space (growth of 
leaves, stalks and roots, movement in 
soil of water and salts); 


3) Processes power- and mass exchange of a 
vegetative cover (solar energy absorption, 
evaporation of water by leaves and 
absorption of a soil moisture and salts roots, 
moisture exchange between ground waters 
and an aeration zone); 


 


 


Step of calculation - 1 day 


ATMOSPHERE 


 


 
Geographical 
parameters 


Weather 
conditions 


Vegetative cover 
- An agricultural crop; 
- The characteristics of 
agrotechno-logical actions (sowing 
terms, depth of seal of seeds, 
norm of seeding, a mode of an 
irrigation, fertilizer, terms of 
cleaning, etc.) 


SOIL 
- Soil type;       
- the morphological description;       
- agrophysical and agrochemical 
characteristics; 


Ground water 
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Simulating the formation of spring wheat yield under optimal irrigation 
regime 


  Optimal irrigation management 
In order to develop optimal irrigation regime used a simulation model. 
Analysis of the curves of the water status of crops, and infiltration runoff 
can pick up irrigation regime that provides the estimated yield at the lowest 
irrigation rate, taking into account environmental constraints. 


 LEAF AREA 


Photosynthesis 
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YIELD                         3,94 t/ha 


FIELD 24 


                                                CRITICAL HUMIDITY 


 PHASE OF DEVELOPMENT 


THE DEPTH OF THE ROOTS, m 
SOIL MOISTURE IN THE ROOT ZONE                    WATERING, mm 


            PRECIPITATION, mm 


day 


day 


day 
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Thank you for your attention 







FLOODING THE WESTERN ILMENS LOCATED ON THE BORDER OF THE STEPPE AND 


EASTERN PART OF THE DELTA VOLGA 


Buber A.A. 


All-Russian Research Institute of Hydraulic Engineering and Land Reclamation, Moscow, Russian 


Federation 


Before the construction of the Volga hydroelectric significant part of Western ilmens (WSI) 


flooded during spring floods. Volga water almost every year in the amount of 2-5 km3 rushed chain ilmens 


and eriks the western territory. Even after the recession in the ilmens closed depressions water remained 


until the fall, and in some cases until the next flood. Some ilmens water is artificially delayed by a jumper 


earth. Besides spring flood the southern part of the WSI was subject to periodic surges from the Caspian 


Sea, and Volga fresh water was fitted in ilmens.  


In 40-50-ies in connection with a regulated flow of the Volga down to 2m sea level, the 


construction of the railway Astrakhan - Kizlyar and Astrakhan highway - Lyman, stopped surges of fresh 


water in the southern part of the WSI is significantly diminished inflow to ilmens. 


Since the late 80s diminished water flow of river Bakhtemir built for irrigation and watering paths 


inland WSI due to lack of funding pumping stations cascade. 


In modern conditions WSI watered only in wet years within a narrow band Pribahtemirskoy. Ilmens 


dry out and have long lost Fishery value plummeted productivity of forage land for land steppe formation, 


salinization and waterlogging mezhbugrovyh lows. There are specific problems in drinking water. 


Due to the deterioration of the water regime of the WSI and secondary salinization any unresolved 


issues with the use of agricultural areas, the Agricultural Water and Fisheries. Significantly worsened the 


environmental situation. 


Therefore, even during the design of the Lower Volga hydro envisaged indigenous reclamation 


settlement as the Volga-Akhtuba floodplain (VAF), the delta Volga, and WSI in accordance with the 


hydrological regime of the expected changes. However, the work was performed in a small volume. Only 


the immediate realization of a complex land reclamation works in the WSI can somehow fix the situation. 


To substantiate measures for supplying the required amount of water in the Lower Volga WSI 


model was developed by Upper Lebiazhie to the Caspian Sea in the MIKE 11 environment, on the basis of 


the planned position of the river network and cross-sections of the riverbed and floodplain the Volga and 


its creek (left-bank channels - Buzan, Bolda Straight, Tsarev, Kamyzyak, Kanycha, right-bank channels - 


Bakhtemir, Erik Hurdun, Hurdun, Big Kara Baklanenok, Pit Grave, Old Volga). The model has allowed to 


analyze and justify the necessary measures to solve the problems of water supply Delta and WSI: 


submission of the required amount of water, as in gravity flow, and in pumping mode pumping stations, 


flooding of spawning grounds, - to evaluate the technical parameters of the gas transportation system, 


ensuring high leaching rates for desalination solonetzes and hand navigation levels of Bakhtemir. 
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1. Description  of the current state and main environmental 
problems and land reclamation in the functioning of the natural 
system of the Western Substeppe Ilmeny (ZPI) and eastern part of 
the delta Volga. 


2. Formation of the various possible ways of solving these 
problems. 


3. The development of the Delta and ZPI hydrodynamic model in 
the software package MIKE 11 (Danish Hydraulic Institute). 


4. Substantiation supply of the required volume of water  in ZPI in a 
gravity flow and pumping mode, flooding of spawning grounds. 


5. Determination the technical parameters of  hydraulic structures, 
ensuring high leaching rates for desalination solonetz and 
navigation levels of branch Bakhtemir. 
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PURPOSE 







IRRIGATION 
OF THE 
LOWER 
VOLGA 
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PROBLEMS OF THE LOWER VOLGA 
Demands  of water users 


4 


1. Hydropower (volume VKK- NPU) - 85%; 


2. Environment and fish release 120 km3 - 50%; 


3. The duration of the fish release 20,000 m3/s - 23 days; 


4. Transport releases 5,000 m3/s– 90%; 


5. The duration of the agricultural release  


25,000 m3/s - 7 days; 


6. Water supply to the ZPI 25,000 m3/s – 50%; 


7. The volume of the water supply to the ZPI - 5 km3. 







CONFIGURATION  OF  THE RELEASE HYDROGRAPH IN 
DOWNSTREAM OF VOLGOGRADSKOE RESERVOIR  







VOLGO-AHTUBUNSKAYA FLOODPLAIN (VAP) 
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Номер Вариант 
расчета 


Параметры 
спецпопус


ка 


Дата снятия 
показаний 


Площадь 
затоления, 


км2 


Площадь 
затоления от 0-


3 м, км2 


Площадь 
затоления от 


3-6м, км2 


Площадь 
затоления от 


6-9м, км2 


Площадь 
затоления от 


>9м, км2 


Время 
стояния, дни 


1 2 3 4 5 6 7 8 9 10 
2 
  
  


2015г., 
17000 + 
2000, с 
дамбой 


48 дней 
17000+20
00 с 
дамбой 


2015.04.09 – 
первый день 
расходов 
17000+2000 


1554 1164 138 112 140 1 


2015.05.22 – 
последний день 
расходов 
17000+2000 


4783 4072 424 123 165 44 


2015.06.11 – 
через 20 дней, 
расход 5000 816 584 115 69 48 20 


3 
  
  


2011г., 
макс. 
гидрогр
аф 
  
  


7 дн, 
27000, 30 
дн 20000, 
5000 
  
  


2011.04.20 – 
Q=27000 6064 5145 579 124 216 7 


2011.05.24 – 
Q=20000 4419 3733 396 120 171 30 


2011.06.03 – 
Q=5000 2539 2172 187 98 82 10 


COMPARISON OF 
SCENARIOS 


СРАВНЕНИЕ 
ВАРИАНТОВ 







SITUATIONAL PLAN OF ACTION (VER. 4) 
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PROTECTED  
                  AREAS  


                                     OF VAP 


1. National Park“Volgo-Ahtubinskaya flooplain" 
2. National Park “Cagan-Aman" 
3. Forest “Bundinskaya Country house" 
4. “Dubovskoe spawning ground " 
5. “Kapustoyarskij" (meadows) 
6. " Cagan-Aman-Vetlyanskoe-Ветлянское spawning ground" 
7. “Seroglazovskoe spawning ground" 
8. Spawning ground “Volganka" 
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FLOOD ZONE OF VAP 
Scenarios “Maximum 20000  


m3/c Volga” 
Scenarios “17000 m3/c -  


Volga plus 2000 m3/c-Axtuba” 
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FLOOD ZONE OF SEROGLAZOVSKOE  
SPAWNING GROUND (%)   


Scenarios “Maximum 20000 
m3/c Volga”, S = 38,8% 


Scenarios “17000 m3/c - Volga plus 
2000 m3/c-Axtuba”, S = 41.5% 
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FLOOD ZONE OF SPAWNING  
GROUND “VOLGANKA” (%)   


Scenarios “Maximum 20000  
m3/c Volga”, S = 43,9% 


Scenarios “17000 m3/c - Volga plus 
2000 m3/c-Axtuba”, S = 55.0% 







DELTA VOLGA AND ZPI 
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WATER TRACT OF ZPI 
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MODEL DELTA AND ZPI IN MIKE 11 
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CALIBRATION OF MODEL IN  MIKE 11,  
WATER LEVEL, ASTRAXAN 







MODEL DELTA AND ZPI IN MIKE 11 







TYPE RETAINING STRUCTURE  
(NIKOLAEVSKIJ WATERWORKS, DON)  







OBSERVED DATA ON THE WATER DISCHARGES IN 2006 (78%) 
AND 2012 (50%) YEAS RESPECTIVELY 
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CALCULATION IN  MIKE 11  VARIOUS SCENARIOS WATER 
SUPPLY IN ZPI, WATER LEVEL, ASTRAXAN 







CALCULATION IN  MIKE 11  VARIOUS SCENARIOS WATER 
SUPPLY IN ZPI, WATER LEVEL, IKRJANOE, BRANCHE XURDUN 







CALCULATION IN  MIKE 11  VARIOUS SCENARIOS WATER 
SUPPLY IN ZPI, WATER LEVEL, OLJA 
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Thank you for attention 
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Developed low-cost, energy and resource-efficient ozone -
sorption - electrochemical technology of  purification of  natural 
and waste waters.


Diagram of  multifunctional water treatment plant using ozone-
sorption-electrochemical technologyis and module installation is 
shown in figure 1.


Fig.1. A diagram of  multifunctional water treatment plant using ozone-
sorption-electrochemical technology and module installation. Anode (+) is 
made from glassy carbon and cathode (-) from carbon-graphite texture and 
Ni.


The basic principle is a comprehensive (in-situ synergetic) effect of  
ozonation, adsorption and electroreduction.


Ozone – sorption - electrochemical technology of  purification of  natural 
and waste waters with various contamination level for drinking water is 
promising in comparison with other physicochemical methods, due to:
1) high and stable purification efficiency
2) low energy intensity and material consumption and therefore low cost,
3) wide range of  oxidation capacity and performance
4) adaptable and versatile.


The level of  the proposed development is shown in Table 1 from the 
comparative analysis of  technical and economic performance of  
commercially available ozonatorL-1 of  Kurgankhimmash, ozonator SU-1 of  
Karpov Institute and our installation for ozone-peroxide-electrochemical 
deep clearing and complex purification of  natural and waste waters (Table 1). 


ozone-sorption and electrochemical 
technology


Logos


Table 1.Comparison of  different ozonators.


Ozonizer type SU-1, and the technology developed for 
ozone-peroxide-electrochemical deep purification of  
natural and waste waters according to their technical and 
economic indicators are competitive to industrial samples.


Factor Our ozonato rSU-
1 in Karpov


Ins te


OzonatorL - 1 of 
Kurgankhimmash


Our installa
for 


O3-H2-
O2electrochemic


al water 
treatment


The performance 
of active oxygen, 


g/h


10 10 60


Power 
consumption, kW 0,6 - 1  


0,2
excluding energy 


costs for air 
treatment


0,6 – 1


Energy 
consumption per 1 


kg of  active 
oxygen, kWh/kg


51 25 10


Working voltage, 
KV


0,006 – 0,1 10 0,006 – 0,01


Ammonium
bifluoride, g


Not consumed Not consumed


Compressed air 
pressure at the 


inlet of  the 
ozonizer, MPa


Not needed 0,4 – 0,6 Not needed


Dimensions mm,
Length, 


Width,


Height


480
200
500


780
625
1870


300
150
650
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Introduction
In 2013, the Russian market of  plant protection products reached 
1.3 billion $, while the physical volume of  pesticides used amounted 
to 53 900 tons. The use of  pesticides in agriculture increasing every 
year and with it the risk of  their negative influence on the 
environment increases. The most effective forecasting instruments 
of  environmental pollution are mathematical models of  the behavior 
of  pesticides, allowing estimate concentrations of  pesticides in 
natural objects (soil, groundwater and surface water, air)  in different  
soil and climatic conditions. Environmental fate modelling for 
assessing potential pesticide movement to groundwater is an 
essential part of  the EU and Russian registration process. 
Object
The purpose of  the present research was to develop Russian 
groundwater scenarios for pesticide model; to compare the 
vulnerability of  the Russian scenarios to pesticide migration.
Materials and methods
Pesticide fate model  PEARL
The short description of  the model represented in table 1.
Table 1. Input data for PEARL


Russian standard scenarios
For Russia nine standard scenarios which represented major 
agricultural regions were developed to assess risk of  pesticide to 
groundwater (Table 2). 
Table 2. Characteristics of  Russian scenarios 


Simulation of  pesticide transport in groundwater 
using model PEARL and Russian standard scenarios


For each location scenario describes 90th percentile of  all situation 
which was approximated by using a 80th percentile value for soil 
(was selected by expert judgment) and a 80th percentile value for 
weather (performing 20 years simulations). 
Substance
The leaching concentrations for Russian scenarios were calculated 
with PEARL for annual application of  1 kg/ga test-substance A 
(DT50=60 days, Koc=103  l/kg), B (DT50=20 days, Koc=17  l/kg), C 
(DT50=20 days, Koc=72  l/kg), D (DT50=20 days, Koc=60  l/kg on 
May without crop during 26 years. Also concentration of  substance 
C metabolite (DT50=100 days, Koc=52  l/kg) were calculated.
Results and Discussion
The results of  the simulation of   annual percolation and leaching 
concentrations of  A, B, C, D and metabolite C in soil percolate at 1-
meter depth showed in Table 3.


Table 3. Average annual water percolation and 90% percentile of  
leaching concentration of  five test-substance for Russian scenarios


As assumed, the maximum concentrations in percolate are predicted 
for the most stable  substance A and most mobile substance B, and 
for metabolite C – stable and mobile  together, while the minimum 
concentrations – for the substance C with the highest coefficient of  
sorption value. D substance takes an intermediate position.
Annual simulate leaching concentrations at 1 m depth in Table 3 
indicated that some Russian scenarios are more vulnerable than 
others.  For four  scenarios (Moscow, Pskov, Nizniy Novgorod, 
Vladivostok) with moderate continental climate water percolation 
and substance concentrations were most. For these regions average 
annual  air temperature and precipitation varied from 4,9 to 6,1oC 
and from 658 to 829 mm respectively. They can be considered the 
most vulnerable regions in RF.
For next three ones (Kursk, Krasnodar, Saratov) the intermediate 
substance  concentrations were observed. These locations were 
characterized as moderate vulnerable to pesticide mobility.
Two scenarios (Kurgan and Novosibirsk) were regions with a 
continental dry climate, and with lowest predicted substance 
concentration in percolate.
Thus, agricultural regions of  Russian Federation differ in weather 
and soil conditions. The coldest of  them with high precipitation  
were most vulnerable to groundwater contamination by pesticides. 
Computer simulation followed by lysimeter investigation and long-
term monitoring allow us to estimate,  manage and  prevent the 
pesticide migration risks to groundwater.


Pesticide Coefficient of equilibrium sorption on organic matter - Коm (l/kg);
half-life at 20oC - DT50 (d); saturated vapor pressure at 20oC (Pa);
solubility in water at 20oC (kg/l); application rate (kg a.s./ha);
application methods


Soil Organic matter content (kg/kg), dry bulk density (kg/m3), рН,
texture, parameters of the Van Genuchten functions.


Weather 
data


Minimum and maximum air temperature, precipitation, solar
radiation, wind speed, vapor pressure.


Crop Crop parameters, describing pesticide interception by the crop
canopy and phase of crop development


Location
Texture 
class 
(USDA) 
0-25 cm


Sand 
(%)
0-25 cm


Silt 
(%)
0-25 
cm


Clay
(%)
0-25 
cm


Organic 
matter
(%)
0-25 cm


Annual 
average 
precepi-
tation (mm)


Annual 
average 
tempera-
ture (oC) 


Moscow Silt loam 13 75 12 2.6 717 6.1


Kursk Silt loam 1 80 19 7.7 654 6.6


Saratov Silty clay  
loam 2 68 30 3.4 474 7.3


Krasnodar Silty clay  
loam 1 65 34 4.5 715 11.4


Novosibirsk Silt loam 11 64 25 5.2 468 1.5


Vladivostok Silt loam 13 75 12 2.4 829 5.7


Pskov Sandy loam 62 20 18 0.4 697 6.0
Nyzniy 
Novgorod Sandy loam 57 41 8 1.9 658 4.9


Kurgan Sandy loam 55 31 14 6.9 400 3.0


Kolupaeva V.N., Gorbatov V.S.


Contact Box     Kolupaeva V.N., Gorbatov V.S.


Institute Name    Russian Institute of  Phytopathology


Tel. +7 916 652 5985, +7 498 694 3105 


E-mail: v.kolupaeva@vniif.ru,  gorbatov@vniif.ru


Location Percolation, mm Leaching concentration, µg/l
A B C D Met C


Moscow 485 53.0 26.4 0.5 10.1 77.3
Kursk 396 0.0 0.3 0.0 0.0 5.2


Saratov 242 0.0 0.1 0.0 0.0 2.1
Krasnodar 566 0.6 1.4 0.0 0.0 15.1


Novosibirsk 267 4.7 9.1 0.0 0.1 49.8
Vladivostok 586 30.2 29.8 0.1 5.4 56.5


Pscov 465 26.9 19.9 0.0 3.1 58.6
Nizhy Novgorod 491 50.4 22.0 1.3 9.2 84.1


Kurgan 165 0.0 0.0 0.0 0.0 0.4
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•The waste water of  industrial enterprises is characterized by a 
variety of  pollutants which cause damage to water bodies. Primarily 
they fall into the buffer ponds , which, on the one hand, act as 
purifiers of  waste water. On the other hand these buffer ponds are 
the water bodies with their flora and fauna. Violation of  
environmental regulations  by using the buffer pond leads to the 
violation of  its hydrological characteristics and degradation of  
species biodiversity. To manage such an ecosystem requires the 
presence of  a developed monitoring system that is able to provide a 
prediction of  its state, especially by measuring in the mode in on-
line. In practice, the assessment of  pollution of  the buffer pond is 
usually formed on the basis of  only average values, locally measured 
concentrations without the correct account of  their dynamics 
character.


•The aim of  this work was to develop the statistical methodology for 
investigating the quality of  water in the buffer pond. The objectives 
of  the research included the study of  variability of  monitored 
indicators with using models of  stationary random processes. The 
study was conducted on the example of  the buffer pond that is 
included in the system of  water disposal in the Kemerovo plant 
"Azot". We used monthly data of  the federal statistical reporting on 
water quality submitted by the environmental department of  this 
plant in the form 2TP (water) for 2001-2011. We selected sixteen 
controlled by hydro-chemical indicators.


•The descriptive analysis of  each time series showed that even the 
average value of  individual indicators exceeds maximum permissible 
concentration, there are large enough highs, there is a seasonality. 
Along with the insignificance of  the trend there is considerable 
variability in values. There is the clustering of  volatility that indicates 
the existence of  the most critical and the quietest periods of  the 
ecosystem.


Assessment of  the variability of  waste water quality in the system of  water disposal –
an econometric approach
Elena Kopnova


•We used SARIMA-GARCH model , their  modifications for 
processes with long memory (ARFIMA), for the simulation of  the 
contamination processes. The R/S analysis was also used, for 
statistically valid detection of  long memory. The statistical 
significance of  the GARCH-models (at the level 0.05) pointed to the 
need of  accounting of  clustering of  the volatility of  values, for the 
majority of  indicators. Building a reasonably adequate model for 
each process allowed not only to describe its behavior, but also to 
build reliable dynamic prediction. For example, all the observed 
values of  the chlorides concentration for 2011 don't leave 95%-
percent confidence interval of  forecast estimates obtained from 
model according to 2001-2010 (Fig.1). It is clear that the model 
forecast evaluation of  water discharges quality, taking into account 
the nature of  their periodicity will be useful for selecting the optimal 
costs for waste water treatment.


•To identify dynamic links between individual processes was used 
vector autoregressive model (VAR). The adequacy of  the assessed 
models allowed us to explain the presence and sustainability of  
dynamic links (in the sense of  causality according Granger). In 
particular, on the significance level 0.1, was not reject the hypothesis 
that the accumulation of  all nitrogen compounds in the ecosystem, 
including highly dangerous nitrites, is preceded by aggregate 
pollution. This shows that to maintain full functioning of  the buffer 
pond in the water disposal system is necessary to conduct timely 
activities to clean it. For most of  the indicators examined, the 
attenuation of  function of  responses of  separate pollutants to the 
impulses from others was observed not earlier than in one year. In 
particular, for the concentration of  nitrite, the decrement time of  the 
response to a single shock of  discharges of  nitrogen is more than 
two years. Therefore, environmental service at the factory should 
provide for the possible long-term concentration of  dangerous 
nitrites in single cases of  exceeding the standards in the reset of  
nitrogen.


•Thus, the application of  the methods of  statistical analysis of  time 
series of  the observed indicators of  the waste water quality in the 
buffer pond plant "Azot" has allowed solving the following 
problems. 
- There was analyzed the variability of  individual pollutants. We 


identified indicators with a marked seasonal periodicity and more 
than year periodicity. There was substantiated the presence of  long 
memory in series of  values of  indicators and their volatility.


-There were built univariate and multivariate models of  
contamination processes to predict future values of  individual 
indicators as well as dynamic interrelationships between them.
-Were made some recommendations to improve environmental 


management in the water disposal system.


Fig 1 the model forecast of chloride concentration for one year
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Introduction. The article deals with the anthropogenic transformation of  
influence of  chloride ions of  atmospheric precipitation on their river 
runoff  (denoted as α) in the North of  the East European plain. The aim 
of  research is the estimate the degree of  anthropogenic transformation of  
influence of  chloride ions of  atmospheric precipitation on their river 
runoff  (denoted as α’) within the geosystems in the North of  the East 
European plain (fig. 1).


Fig. 1. Schematic map of  meteorological stations and hydrological posts location in the North of  
the East European Plain


There is a number problems to achieve the aim: 1) the calculation the input 
of  chloride ions of  atmospheric precipitation to the river basin; 2) the 
calculation the output of  chloride ions with river runoff; 3) the calculation 
the influence of  chloride ions of  atmospheric precipitation on their river 
runoff  and its anthropogenic transformation.


Methods. The methodology used in this study is based on the evaluation 
the ratio of  long-term average of  α to its "hydrochemical background" 
values from 50 to 85% of  the supply.


Results. The maximum value of  α’ fixed within the karst coastal 
geosystems. So α’ = 45% in the Sula river basin, composed of  karst rocks 
with NaCl interlayers. There is α’ = 43% in the Kodina river basin, 
composed of  glacial and fluvioglacial rocks located close to the White sea 
(fig. 1, 2).


ANTHROPOGENIC TRANSFORMATION OF INFLUENCE OF CHLORIDE IONS 
OF ATMOSPHERIC PRECIPITATION ON THEIR RIVER RUNOFF IN THE 


NORTH OF THE EAST EUROPEAN PLAIN


The minimum value of  α’ observed within the Edoma river basin has the 
smallest area (120 km2) (α’ = 10%) and within the Pinega river basin has 
ancient river trough (α’ = 11%) (fig. 1, 2). 


Fig. 2. The α’ within the different categories of  geosystems in the North of  the East European 
plain


Conclusions. Finally, α’ dependent on geological structure of  river basin, 
the proximity to the sea, river basin area and the presence of  ancient river 
trough.
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Mechanism and tools of scientific/analytical support for the water use technical 


regulation 


 Oboldina G.A., Sechkova N.A., Tretyakova A.N., Kasimova Y.M., Popov A.N.  


RosNIIVKh, Ekaterinburg, Russia  


A mechanism and a tool set for support of the water use technical regulation was 


developed. It comprises the following: 


1) a methodology of the water use technical regulation,  


2) methods and integrated criteria of revealing, identification and ranking of the best 


available techniques (BATs) through assessment of the economic actors water-protective 


activities’ negative impact after-effects. The system has been developed on the basis of 


the European principles with taking into account the imperative trends of the Russian 


environmental legislation upgrading; 


3) methods of the water quality class operative estimation by the list of priority pollutants 


that at the most reflect possible types of negative impact with the limited number of 


marker indicators; 


4) unified and uniform assessment of economic effectiveness in the sphere of rational water 


use with taking into account expedience of production and state control, validity of 


environmental charges and damage at the expense of the unified assessment and 


regulation. 


The developed assessment system of the negative impact object water-protective activity 


compliance with the requirements of environmental protection will secure: 


− the BAT assessment and identification; 


− setting of unified norms of discharges for all categories of the negative impact objects on 


the basis of uniform and integrated accounting of technological indicators and the 


anthropogenic impact strength; 


− the environmental monitoring system implementation via validation of a brief list of 


marker and ecological indicators and objectives; 


− assessment of the dynamics of the surface water bodies’ status changes; 


− establishment of the sectoral norms and general purpose norms; 


− objectivity and transparency of any expert examination actions (Assessment of the Impact 


upon Environment, State Environmental Examination, Integrated Environmental 


Permission, water audit, basin water/economic expertise examination, etc.); 


− operative management of the process of discharge norms setting in combination with 


water-protective activities; 


− scientific/analytical support of the water use regulation conditions. 
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It may be said without exaggeration that water is a resource of  the 
XXI century, therefore real-time and precise monitoring over usage 
of  water resources becomes currently of  a primary need. An 
acoustic Doppler current profiler (or acoustic Doppler profiler 
(ADP)) is intended namely for fulfillment  of  these tasks. The ADP 
is based upon the Doppler effect and is for today the most effective 
tool for measurement of  both bottom profile and water discharge.


During some latest years our aim was to develop a Russian appliance 
for monitoring of  water resources. As opposed to mechanical or 
electromagnetic meters of  water flow, by which at present time the 
majority of  hydrological services are equipped, the acoustic Doppler 
profiler perform measurements of  water flow velocity approximately 
from a water surface to its bottom not in one point, but along all 
vertical line in real time. As a result we obtained many times less 
duration of  flow velocity measurement, but accuracy of  flow 
velocity measurement increased at the expense of  obtaining not only 
a modulus, but velocity vector too. Besides, using the ADP it is 
possible to a high precision profiling (down to some centimeters) 
river-beds, water storage reservoir bottom etc., that is extremely 
important during hydraulic work planning.


The essence of  ADP technical realization consists in the fact, that 
such a profiler periodically transmits an acoustical signal of  a certain 
frequency, that reflects from obstacles, particles in the water, 
plankton-like particles and small air bubbles. Measuring frequency 
bias of  the reflected signal with respect to the frequency of  the 
emitted signal and the time of  its arrival, it is possible to obtain an 
estimation of  flow velocity at a certain depth. Usually not one but 
three or four ultrasound antennas are used, that increases accuracy 
of  measurements of  velocity and depth, as well as provides 
determining direction of  water movement. A built-in computer 
processes the received signal and outputs speed and direction of  
water movement in a column of  water on-line. In such a way a 
possibility appears of  observing over a changing structure of  water 
streams, as well as to calculate water discharge and other products. In 
addition, there is a possibility to place into an acoustic Doppler 
profiler various sensors for measurement various parameters 
(temperature, pressure, salt content, oxygen content, opacity etc.), 
providing transmission of  all data into centers for gathering 
information in real time. All that provides in near real-time recording 
of  discharge and water quality, as well as perform accurate profiling 
of  bottom.


At present time our company developed the technology for 
measurement of  current characteristics, a prototype of  ADP «Аrgo-
600» was manufactured. Now we perform work on patenting and 
obtaining a certificate for the measurement instrument.


ACOUSTIC DOPPLER PROFILER «ARGO-600»


Limited Liability Company «ЗD-Agro»
Tel:+7-926-313-23-23
E-mail: 3dagro@mail.ru
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Water security of  territories is perceived in the context of  water 
availability of  regions. Water-related hazard and risks is determined 
by two key factors, i.e. natural (hydrologic-climatic) and 
anthropogenic (socio-economic). The aim of  this work is to estimate 
the number of  people in the regions with different water and risk 
management.


To achieve the goal to be sought, we developed the algorithm for 
water security assessment in municipalities of  Western Siberia 
(Fig.1), defined potential and real water availability of  the population 
inhabiting landscape provinces [Vinokurov, Tsimbalei, 2006] and 
created (on the basis of  the river basin approach) a cartographic 
model of  water management risk for the regions of  Western Siberia.


Water security assessment in regions of  Western Siberia


Real water availability enables to define water security of  the regions 
more precisely; it is calculated just for the areas with limited water 
resources. In such regions, the use of  solely potential water 
availability brings to distortion of  a real situation with water 
resources because potential natural water availability is always 
overestimated as compared to the actual one [Water resources..., 
2008]. This is because a part of water that is irretrievably lost when
used is not considered. Besides, in some years and periods the water
availability is much less than the mean annual one. For the areas
limited in water resources, the evaluation of real water availability is
based on the data of minimum mean annual runoff for three
consecutive dry years. In this case, the resultant real water availability
was estimated as the difference between the real water availability
over a three-year dry period and irretrievable water consumption per
capita. 


The evaluation showed that more than 130.0 thousand people of the
Ob-Irtysh basin live in conditions of extremely low potential water
availability (less than 1.0 thousand m3 / person / year), 1678.2 
thousand people – very low potential water availability (1.0-2.0 
thousand m3 / person / year),  and 1477.2 thousand residents – low
water availability (2.0-5.0 thousand m3 / person / year), which
amounts about 15 % of the total population (Fig. 2). 


However, the risk of water consumption, calculated on a basis of
evaluation of real water availability of the population (three-year dry
periods) and anthropogenic load on water bodies (2009-2013), is
found only in some municipalities. For example, in municipalities of
Kemerovo region, almost 1.0 million people living in the Tom river
basin are exposed to the risk of water management.


Potential water-related hazard              Anthropogenic load Risk of  water use


Load


stage 2


Real water availability


stage 3


Potential water availability


stage 1


Long-term average annual 
surface and ground runoff


Real water resources with due 
regard for minimal runoff  and 
irretrievable water consumption


Assessment of  water-related 
hazard in the regions


Estimate of  population size 
in the regions with potential 
extremely low, very low and 


low water availability


Estimate of  population size 
in the regions with real 


extremely low, very low and 
low water availability


Assessment of  water 
management risk for 


municipal units


Water exploitation index, 
dilution ratio


Detection of  water-
management sites with high 


anthropogenic load on 
water bodies


The estimation algorithm allows to define water 
management risk in the context of  potential and real water 
availability for the population and economy with due 
regard for anthropogenic load on water bodies of  the Ob-
Irtysh basin. Water availability and anthropogenic load 
were evaluated in landscape provinces and river basins of  
Western Siberia. The level of  water availability is given 
according to I. A. Shiklomanov [2000].


Potential water availability is calculated as the ratio between 
the long-term average annual renewable water resources 
and the population size of  the territory [Water resources..., 
2008]. Potential water availability gives a good indication 
of  natural water resources as a whole, allows us to make a 
comparative description of  the regions and to analyze the 
water availability dynamics for the specified time.


Figure 1 – Algorithm for assessment of  water security in the regions


Figure 2 – Ranking of  Western Siberia regions according to water-related hazard and riskIWEP SB RAS, Russia, Barnaul


Rybkina I. D., Kurepina N. Yu., Stoyashcheva N. V., Gubarev M. S.
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Introduction 


A catastrophic flood took place in the Amur basin in July to September 2013. It demonstrated deficiencies in 
flood management policies and practices in Russia. The damages in the Chinese portion of  the basin were 
higher than those in Russia due to there being a greater exposure of  population and assets to flood hazards. 
The basin flood management was further complicated by its transboundary location. The 2013 experience can 
serve as a starting point for developing a joint flood risk management program. In its course, various sets of  
flood management measures should be evaluated in terms of  their cost efficiency, social acceptability, and 
environmental safety [1].  


Flood control reservoirs  


 


 


 


 


 


 


 


 


 


 


 


 


 


Preserving ecosystem services of  natural floodplains 
A river’s floodplain plays a major role in freshwater ecosystems. It serves as a factory supporting reproduction 
of  meadows, floodplain forests, fish, amphibians and reptiles, water and marsh fowl as well as aquatic and 
coastal mammals. Periodic flooding of  the floodplain is an important driver of  its biological productivity [4].  
More than one hundred fish species inhabit the Amur River and its floodplains’ water bodies, 18 of  which are 
endemic. The river’s floodplains are home to 320 terrestrial vertebrate species, 340 aquatic and coastal species; 
the floodplains’ forests consist of  300 species of  vascular plants [5]. 
The total area of  natural floodplains along large watercourses of  the Amur basin was estimated at 80,340 km2. 
Total retention capacity on nine floodplain stretches of  the Zeya and Amur rivers during the 2013 flood 
calculated on maximum water levels was about 130 km3 [6]. The water volume accumulated by natural 
floodplains was greater than the live volume of  both existing and planned reservoirs of  Russian part of  the 
Amur River basin.  
Optimal flooding levels in the floodplains should be defined under the new conditions in order to specify 
environmental flow requirements for existing and planned hydrological engineering facilities. Environmental 
flow releases should be incorporated into Operation rules of  the existing and potential reservoirs. 


 


 


 


 


 


 


 


 


 


 


 


 


 


Adaptation to floods in the Amur River basin: 
considering the environment 


Dykes construction 


Dykes have been the main structural protection measure for settlements in the Amur basin. The 
Comprehensive Scheme for Water Resource Management and Protection in the Amur River basin (SKIOVO) 
duly limits areas recommended to protect the settlements’ territory mainly by dykes [7]. The construction of  
dykes along the Amur River by China and cutting off  the floodplains creates a potential risk of  increased 
water levels, as the floodplains no longer accumulate flood waters [8]. Dyking of  river banks prevents flooding 
of  floodplains and may lead to degradation of  soils, reduction of  fish spawning areas. Construction of  dykes 
narrows the flow and increases its depth and speed, thus destroying the spawning grounds and other habitats. 
Russia and China should agree on standards for transboundary riverbank protection by dykes which should be 
designed with the anticipation of  a possible reduction of  floodplain width on the opposite side. 


International cooperation on biodiversity conservation 


The biodiversity conservation is often achieved by the establishment of  protected areas, which by their legal 
regime are well suited to protect natural flood retention areas from undue development. This shows huge 
potential for synergy between biodiversity conservation and flood risk reduction in the course of  river basin 
management planning and implementation. 
In 2011, China and Russia adopted the “Sino-Russian Strategy for Development of  Transboundary Network 
of  Protected Areas in the Amur River Basin for the Period till 2020”. Based on its results, recommendations 
on establishing protected areas in floodplains which are particularly important in terms of  accumulating flood 
waters and preserving valuable natural ecosystems should be prepared.  
China and Russia should learn from each other’s policies and flood management practices, i.e. use the China 
National Zoning for Ecological Function Management [9] to delineate a complementary eco-functional zone 
for flood retention and biodiversity conservation in the transboundary Middle Amur River. A similar zone 
already exists along the Nen and Songhua rivers. 
An integrated program aimed primarily at a more efficient adaptation of  economic activities and settlement 
planning to the Amur’s cyclic hydrological fluctuations and maintaining productivity and diversity of  the 
common river ecosystem would benefit both nations. So this should be the basis for any approach to planning 
the Amur River basin flood risk management. 


 


 


 


 


 


 


 


Conclusions 


• The 2013 experience can serve as a starting point for developing a joint flood risk 
management program.  


• When designing flood control reservoirs, their feasibility should be assessed compared to 
alternatives.  


• A river’s floodplain plays a major role in freshwater ecosystems. Optimal flooding levels in the 
floodplains should be defined. 


• Flood protection by dykes may lead to degradation of  soils and reduction of  fish spawning 
areas. Russia and China should agree on standards for transboundary riverbank protection. 


• Protected areas are well suited to protect natural flood retention areas from undue 
development by their legal regime. Their establishment shows huge potential for synergy 
between biodiversity conservation and flood risk reduction.  
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After the disastrous flood a list of  potential anti-flood 
hydropower plants had been drafted [2]. Building any 
new major water storage reservoir significantly damages 
the environment by: 
• changing hydrological regime and sediment runoff, 
• fragmentation of  the basin,  
• flooding of  lands, and  
• transformation of  the natural ecosystem dynamics in 


the areas located upstream and downstream of  dams 
[3].  


When designing flood control reservoirs, their feasibility 
should be assessed compared to alternatives, starting with 
the protection of  flood retention capacities of  the 
natural floodplains. Single-function flood-control 
reservoirs could be used on small and some middle-sized 
rivers of  the Amur River basin. Other alternative 
solutions include various adaptation measures 
(introducing land-use regulations in flood-prone river 
valley areas; adapting the remaining structures to periodic 
flood impacts) and promoting insurance coverage against 
natural disasters [1]. 


 


Location of  potential hydropower plants and flood control 
reservoirs proposed after the flood of  2013  
© RusHydro 
 


On the left: Protected areas (in light green), floodplains (in 
bright green), protected floodplains (in pink), and Ramsar 
sites (green circles) of  the Amur basin / © WWF-Russia 
Above: The Amur River floodplain  / © G. Nosachenko 


Identification of  floodplain areas and their retention capacity  
© WWF-Russia 
 


Above: The disastrous flood of  2013 / © B. Milakovsky 
Below: Dyke construction on the Upper Amur River in China  
© Rivers without Boundaries Coalition  
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WIND-WAVE REGIME OF RESERVOIR
Field investigation and numerical modeling


The Gorky Reservoir is formed by overlapping of  Volga 
River by the dam of  Nizhny Novgorod hydroelectric 
station. Reservoir is located at 50 km from the city of  
Nizhniy Novgorod. Lake area parameters:
- Long: 97 km
- Width: 5-14 km
- Depth: of  the ship's main course 4,5-20 m


G. Baydakov, A. Kuznetsova, Yu. Troitskaya, D. Sergeev
Institute of  Applied Physics of  the Russian Academy of  Sciences


Spectral model WAVEWATCH III
Input: wind velocity versus time and topography
Output: evolution of  the directional spectrum of  waves.
The model was adapted to the conditions of  the inland 
water based on field data.


Field measurements were carried out at the Gorky 
Reservoir from May to October in 2012-2016.
The main facility is the oceanographic Froude buoy, which
represents the vertical mast with sensors.
Equipment:
- five 2-component ultrasonic sensors WindSonic by Gill


Instruments (0.1, 0.85, 1.3, 2.27, 5.26 meters above the
mean water surface level)


- water and air temperature sensors
- three-channel wire wave gauge.


Gorky Reservoir and nearest cities


Abstract
The study of  wind-wave regime at the Gorky reservoir is 
described. Coupling of  wave and atmospheric models based 
on field measurements is being evolved . Monitoring of  the 
wind-wave regime and precise measurements of  basic 
parameters of  the atmospheric boundary layer allow to 
adapt the models to non-distinctive conditions.


Topographical grid of  Gorky Reservoir 
(WAVEWATCH III and WRF)


Profiles of wind velocity allow to obtain values of the
surface drag coefficient CD. Measurements show that the
values of the drag coefficient for the middle-sized reservoir
are on ≈ 50% lower than its values typical for the ocean
conditions. The new parameterization is proposed.
Wire wave gauge allows to obtain 3-D directional wave
spectra. Besides profiles of water temperature and flow
velocity were measured.
The results of field experiments were used to improve
numerical models such as WAVEWATCH III.


Atmospheric model WRF
Input: low-resolution field of  wind velocity versus time 
(from reanalysis) and underlying surface.
Output: high-resolution 3-dimentional field of  wind 
velocity (down to decimeters scale).
The model allows to assimilate the obtained velocity fields.


Future plans
The development of  the software system for high-precision 
operational forecasts of  wind-wave regime in reservoirs is 
planned. It may be implemented after the coupling of  
WAVEWATCH III and WRF models. It will allow to obtain 
the operational wave forecasts with high resolution 
throughout the reservoir on the basis of  the open-source 
data only.


Institute of  Applied Physics of  the Russian Academy of  Sciences
Nizhny Novgorod State University
Baydakov Georgy
Tel. +7 952-782-8835
E-mail: baydakov@ipfran.ru
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Introduction. The information system of  ecological monitoring 
of  water bodies is the basis for management decisions on 
protection of  water resources, reduction of  negative effects of  
anthropogenic factors and improvement of  water quality. In the 
last few decades, the system uses for indication of  the 
environment state biological methods able to reflect complex 
impacts. Macroinvertebrates are the most informative 
bioindicators of  the ecological status of  water bodies due to their 
widespread occurrence, confinement to a particular habitat, high 
abundance, relatively large body size and a rather long 
development cycle to accumulate contaminants over a long-term 
period [Bakanov, 2000].


Features of  water quality biological assessment in 
different sites of  large Ob river system


Differences in taxonomic composition and structure of  biocenosis
in various parts of  the Ob River basin determine the  divergences in 
the communities response to anthropogenic impact. 


Benthos from mountain streams of  the Ob River basin is 
characterized by a high species diversity, high richness of  the most 
sensitive invertebrates groups (stoneflies, mayflies and caddisflies), 
and a low number of  homotopic aquatic organisms. Anthropogenic 
impact in this part of  the basin is associated mainly with the inflow 
of  heavy metals appeared here as a result of  mining activities that 
brings to reduction in species richness of  sensitive taxa and 
macroinvertebrate species diversity as well as to simplification of  
trophic structure due to predators biomass reduction. To assess the 
ecological state of  mountain rivers, the indexes based on sensitive 
taxa disappearance under pollution (biotic index Woodiwiss, ASPT) 
can be recommended; the Shannon species diversity index (H), 
having higher variability at background sites, may serve as an extra 
one.


The areas with the highest level of  anthropogenic load, combining 
point and non-point sources of  pollution located in the foothills of  
the basin. The toxification and eutrophication due the inflow of  
heavy metals and organic substances are the main stress factors for 
aquatic organisms. In the foothill rivers, sandy and muddy areas 
appear in the sediments that contributes to the spread of  
chironomids of  a broader taxonomic spectrum (includes all 
subfamilies). It makes possible to use the Balushkina chironomid
index which show the best correlation with other biotic indices and 
chemical indicators of  water quality in these areas [Yanygina, 2014]. 
However, in the foothill rivers, high species richness of  amphibiotic 
insects is formed on pebbly soils and include pollution-sensitive 
species of  mayflies and caddisflies that allows to apply the indices 
based on pollution-induced disappearance of  sensitive taxa (biotic 
index Woodiwiss (TBI), ASPT, FBI regional modification).


The largest cities (Novosibirsk, Barnaul, Tomsk, Biysk) are located 
on the plain sections of  rivers that contributes to additional inflow 
of  rich in organic compounds wastewater. The analysis of  the 
structure of  benthos at different sites of  lowland rivers and 
peculiarities of  its change in areas of  maximum anthropogenic load 
allows to recommend the Goodnight oligochaeta index as major 
bioindicator.


Thus, the use of  common approaches in assessment of  the 
ecological status of  different-type water bodies in the Ob River basin 
is evidence of  the decisive role of  the benthos community structure 
in the formation of  response under stress conditions. The proposed 
system of  bioidicators can be adapted for other river basins with 
regard to water body types, anthropogenic impacts, stressors and 
characteristic response of  different benthic communities.


Material and methods. The study material for this paper 
consists of  1549 samples collected from 1989 to 2011 in 
the water bodies of  the Upper and Middle Ob River. 
Macroinvertebrates were sampled by means of  standard 
hydrobiological methods. Samples were washed through a 
nylon gauze with mesh size 350x350 µm, the animals were 
selected and fixed with 70% ethanol. Then 
macroinvertebrates were identified,  counted and weighed 
on a torsion balance WT–500.


Figure 1 – Geographical location of  the Ob River basin


Liubov V. Yanygina
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Abstract 
The aim of  this research is to identify the intra and inter-annual regularities of  iron, copper and zinc contents 
dynamics in the streams of  the Belaya River basin. The Belaya River is situated in the South Ural region. It is 
one of  the biggest tributary in the Volga River basin with catchment area of  142 000 km2. The dynamics of  
human activities in the catchment and intra and inter-annual changes in the water quality are analyzed for the 
period 1969-2007 years.
Inter-annual dynamics of  the metal content in the river waters was identified on the basis of  the long-term 
hydrological monitoring statistics at the 32 sites. It was found that the dynamics of  the intensity of  
economic activities in the Belaya River basin is the cause statistically significant changes in the metal content 
compounds of  the river network. Statistically homogeneous time intervals have been set for each monitoring 
site. Within these time intervals there were obtained averaged reliable quantitative estimations of  water 
quality. 


Inter-annual dynamics of  metal  concentrations
1 - MAC for fishery use;  2 - MAC for drinking


Calculations showed that the content of  iron, copper and zinc did not change during the analyzed period at 
the sites, located in the mountain and foothill parts of  the basin. The average long-term metal content in 
these streams is: iron 0,4-1,2 mg/l, copper 2,5-7,0 μg/l, zinc 2,9-12,5 μg/l. At other sites, located on the 
plains areas of  the Belaya River Basin and in the areas of  functioning of  large industrial facilities, metal 
content varies. A period of  increased concentrations of  metals is the second half  of  1970 until the end of  
the 1990s. From the end of  1990 to 2007 the average metal content for a long-term period in the river waters 
is reduced in comparison with the previous period: iron - to 7,4 times, copper – to 3,5 times, zinc - to 8,9 
times. As a result, by the end of  the test period the average long-term metal content in the river waters is: 
iron 0,1-0,8 mg/l, copper 0,9-5,1 μg/l, zinc 2,0-8,0 μg/l.


Mean annual content of  metal in streams at the end of  test period


Long-term dynamics of  metal content in the Belaya River 
Basin affected by natural and anthropogenic factors


Tatiana Fashchevskaia and Yuri Motovilov,  Water  Problems  Institute,  Russian  Academy  of   Sciences,  Moscow,  Russia (tf.ugatu@yandex.ru) 


Empirical probability distributions of  iron, copper and zinc concentrations for various phases 
of  the water regime in all investigated monitoring sites were approximated by Pearson type III 
curves and the averages of  the concentration values for the water regime phases, the coefficient 
of  variation and asymmetry, as well as the values of  the concentrations of  metal in the range of  
1-95% of  frequency were estimated. 
It was found that by the end of  the test period, the average long-term concentrations for iron 
and copper exceed MAC for fishery use in many streams of  Belaya River basin. The probability 
of  exceeding these metals content of  MAC level increases during floods.
The average long-term values for zinc become smaller MAC in many streams of  Belaya River 
basin that points to the suitability of  river water quality for fishery use. The probability of  
exceeding the zinc content of  MAC level increases during the winter low.
Acknowledgements. The work was financially supported by the Russian Foundation for Basic 
Research (Grant 15-05-09022)


Human activity in the catchment 
More than sixty years the diverse economic activities are carried out in the Belaya River basin, 
the intensity of  this activity is characterized by high temporal variability. The leading industries 
in the region are oil, mining, petroleum processing, chemistry and petro chemistry, mechanical 
engineering, metallurgy, power industry.


Sources of  metal in water objects


The part of  industry in wastewater 
discharges into surface water objects 


within the Belaya River basin


Dynamics of  production of  iron and 
copper ores


Copper pyrite ore


Iron ore
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The probability of  exceeding the iron content of  MAC at the end of  test period 


Spring flood


Summer-autumn law-water


Winter  law-water
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Aquatic systems of  north-western Russia are subjects of  high 
anthropogenic influences resulting in toxic pollution and eutrophication. 
The study of  the response of  aquatic organisms to the impact and the 
biota-based assessment of  water and sediment qualities are urgent and 
important tasks. The reaction of  the biological communities to pollution is 
expressed first of  all in a decrease in number of  sensitive species as a result 
of  elevated mortality aquatic animals or decline in their reproductive 
success. At the present stage of  ecotoxicological studies, searching for 
sensitive endpoints (indices) and indicator (species and groups of  aquatic 
organisms) are also the actual issues. studies (Sundelin, Eriksson 1998; 
Camus, Olsen, 2008).
The eastern Gulf  of  Finland (EGoF) influenced by human activity. From 
1990 to 2005, the Neva Bay received more than 29.5 thousand tons of  total 
phosphorus and 138 thousand tons of  nitrogen. By 2009, the level of  
pollution by oil products exceeded the 0.025 mg/l (Newsletter, 2009). The 
main pollutants here are heavy metals (especially zinc, of  copper, lead, 
Gubelit et al., 2016), and the index of  contamination of  bottom waters > 1 
was evaluated for 30% of  the gulf  area (moderate state). 


The amphipod species such as Gmelinoides fasciatus, Pontogammarus 
robustoides and Gammarus tigrinus were used in scientific monitoring 
and bioassessment in the eastern Gulf  of  Finland (Russia) in 2014-
2015. The species are omnivore organisms with above 50 % of  
bottom detritus in the diet. All of  them have a 1.5 year life span; and 
the mating begins in April-May; embryogenesis proceeds during 2-3 
weeks, and juveniles are released 2-3 times in summer. 


Status Quality class Malformed embryos, 
% 


Good environmental 
state (GES)


I: High <5
II: Good 5<8


Sub-GES III: Moderate 8<20


Bad environmental 
state (BES)


IV: Poor 20<40
V: Bad >40


Malformed embryos


0


20


40


St 1 St 2 St 3 St 4 St 5 St 6 St 7 St 8 St 9 St 10 St 11 St 12


%


2014
2015


Figure 1. Map of  the 
EGoF with study sites 
(from 1 to 12). 
I –Neva bay, 
I – inner Neva estuary, 
Tr –transitional zone, 
III – outer estuary, 
IV K - Koporskaya Bay, 
IVL – Luga Bay,
V – Vyborg Bay.


Figure 2. Assessment of  potential toxicity of  water and sediments at 12 
sites in EGoF with the amphipod embryo malformation test. The 
waters near St. Petersburg were generally classified as having a 
“moderate” hazardous substances status. The poorest status to be 
located near ports Primorsk (St 1) and Bronka (St 8). The high 
frequencies of  P. robustoides embryo malformations were recorded also 
at St 10 and 11, indicating strong influence of  both eutrophication and 
toxicants (see Berezina et al., J. Marine systems, 2016). 


Obtained results confirmed high sensitivity of  EMF as indicator of  the 
habitat quality and suggest that malformation rate in studied 
amphipods can be recommended for monitoring programs.
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Assessment of  Environmental State with Benthic
Amphipod Biomarker: Malformed Embryos


Table. Environmental state and quality class for the biomarker –
Embryos malformation frequency in amphipods (EMF).


Figure 2. Embryos of  the 
amphipod Gmelinoides 
fasciatus in the female 
marsupium


Embryos malformation frequency in amphipods (EMF) was recommended 
as a general biomarker of  contaminant effects in the Baltic Sea 
(Sweden) by Sundelin et al. (2008). In the Baltic Sea the assessment 
of  malformations in amphipod embryos (Fig. 2) has been selected as 
a preCore Indicator for biological effects of  hazardous substances 
by HELCOM CORESET and BASE Programs (HELCOM, 2013, 
2014). EMF is estimated as the mean percentage proportion of  
malformed embryos in at least 30 amphipod females. 
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LAKE ONEGO AND ITS WATERSHED: GEOLOGICAL HISTORY, 
ANTHROPOGENIC TRANSFORMATION AND CURRENT STATE


D.A. Subetto, N.A. Belkina, N.M. Kalinkina, G.S. Borodulina, A.I. Sidorova,  A.U.Tarasov, M.S. Potakhin, M.B.Zobkov, N.N. Filatov, M.S. 
Bogdanova, V.N. Baklagin, A.V. Litvinenko, T.S. Shelekhova, U.U. Fomina, N.B. Lavrova


Northern Water Problems Institute, Karelian Research Center of  the RAS


The database of  surface sediments of  Lake Onego and small lakes located within its basin has been 
created. The change in the distribution of  the quantitative and qualitative composition of  organic matter, 
nutrients, iron and manganese in the top-sediment is an indicator of  production processes in a lake. It was 
revealed that the distribution of  sediment physical characteristics and the content of  mineral elements of  
the sediments are indicators of  land management and operation of  mining enterprises in the catchment. 
Analysis of  the data showed that the change in the phosphorus concentration in sediments of  Lake Onego
over the past 40 years corresponds to the nature of  changes in the external phosphorus load and is 
determined by the processes of  eutrophication of  the lake. The decrease in the phosphorus concentration 
in sediments in the last decade indicates a stabilization of  the ecosystem of  Lake Onego after a period of  
intensive eutrophication in the late 1980s. Change of  Corg. , Ptot.,  Norg. , Fe in sediments with distances 
from point-sources discharges from PPM in 1964-2010 is shown in Figure. A new integrated approach to 
the calculation of  the internal nutrient load, based on the evaluation of  the layer thickness of  sediments 
involved in the active exchange of  matter with the water column, was developed and applied in practice. 


The structure of  the water balance of  Lake Onego, current use of  water bodies in the catchment (water, 
wastewater), and their retrospective analysis were described on the basis of  GIS-technologies. The map of  
water loads distribution across the catchment area was plotted. The transformations of  the hydrological 
regime, water balance elements and the lake level under climate change were assessed. Calculations of  
changes in the hydrological regime of  the lake were performed. Forecasts for 10-30 years under different 
scenarios of  regional climate change were obtained. The lake ecosystem change under different scenarios 
of  nutrient loading was forecasted on the basis of  model experiments. The levels of  permissible 
anthropogenic load of  major pollutants and nutrients were determined. Recommendations on minimization 
of  environmental emergency risks potentially leading to lake pollution and damage were worked out.


INTRODUCTION
Lake Onego is Europe’s second largest lake. It is a cold-water lake. It’s water has low mineralization, most of  
the lake remaining oligotrophic. The lake has a complex structure of  the basin. River runoff  and 
anthropogenic load are unevenly distributed. Lake area: 9720  km2    Maximum depth: 120 m    Mean depth: 30 
m  Volume: 295 km3    Catchment area: 53 100 km2      ∑ions: 37 mg/l
The aim of  the project is to carry out multi-disciplinary studies (archaeological, paleogeographic, 
paleolimnological, geoecological, geochemical, hydrobiological) of  Lake Onego and its catchment, to assemble 
and map the resultant information about the lake based on GIS-technologies.


"Lake Onego " website      (http://onegolake.ru)
The monograph "The Largest lake-reservoir North-West of  European Russia: current state and changes 


of  ecosystems under climatic and anthropogenic influences
Palaeogeographical reconstructions of  the Onego ice-dammed lake development ca 14500-12300 yrs BP 


were based on the GIS approach. 14500 Yrs BP (a): An ice-dammed lake occupied the southern part of  the 
lake depression. The level of  the ice-dammed lake was at 130-120 m a.s.l., the surface area was 2800 sq.km. 
14000 Yrs BP (b): The ice melted away from the mouth of  the River Svir, the lake level dropped to 85-80 m 
a.s.l. and runoff  was directed into the Lake Ladoga (the surface area was 14 000 sq.km). 13300 Yrs BP (c): 
As the glacier retreated from the Onego Lake  depression, the ice-dammed lake was occupied it and reached 
the maximum sizes (the surface area was 33 000 sq.km). 13200-12600 Yrs BP: Extensive regression of  the 
Onego ice-dammed lake occurred, it proceeded in two stages. At the first stage (d), the lake acquired a new 
threshold for runoff  to the White Sea basin, and the lake level dropped by no more than 10 m (the surface 
area was 25 000 sq. km). At the second stage (e), the ice-dammed lake attained another runoff  threshold 
across the northern part of  the Onego-Ladoga watershed. The lake level dropped by around 15 m, and 
then steadied out for a long time period (the surface area was 21 000 sq. km). 12300 Yrs BP (f): The drainage 
pathway via the Svir River to Lake Ladoga was reopened, another regression happened.. The regression 
caused a drop of  the lake level by around 20 m, the surface area of  the lake was 17 000 sq. km.


ACKNOWLEDGMENTS: The study has been financially 
supported by the Russian Science Foundation (#14-17-00766)
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Technology Platform “Technologies for 
Sustainable Ecological Development”  


(since  2011) 
 
 
 
 
 
 


• Key activities related to water 
resources: 


Innovative instruments of pollution 
control 


Technologies and systems of monitoring, 
assessment and forecasting of the state of  
environment, emergency situations of natural 
and technogenic character, climate change 
consequences 


Technologies of rational use of natural 
resources, provision of environmental 
safety and new environmental standards 
of human life 


Development of the environmental 
services market 


Aim:  to consolidate the potential of 
business, science, public authorities 
and civil society  to solve 
environmental problems facing Russia 
 







Technology Platform’s Activities within 
BRICS 


On August 26, 2016 the 
representatives of the TP took part 
in the 2-d Meeting of BRICS 
officials within BRICS specialized 
session on priority " Prevention and 
Mitigation of Natural Disasters “, 
which was attended by 
representatives of BRICS countries 
at the site Russian State 
Hydrometeorological University 


 


TP “Technologies for Sustainable Ecological 
Development” is a partner of the focal points in the 
areas:  "Water resources and water pollution control" 
(HSE) and "Prevention and Elimination of Natural 
Disasters" (RSHU). 
 
 
 


September 30, 2016 3 BRICS WATER FORUM 







Water Resources as a Priority area in the 
Natural Resources Sector in Russia  


 


1. Global trends, 
affecting water 


resources 


2. Threats and 
opportunities for water 


resources   
of Russia 


3. Strategies for 
adaptation &  mitigation, 


effective use of the 
opportunities 


The present study is part  
of a broader research 


project  
which examined the 
long-term science & 
technology agenda 


 in Russia up to 2030 
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2. Economic 
trends 


•Increase in non-
material economy, 
Increase in water 


intensity per unit of 
GDP,  


•Limiting the 
expansion of 


irrigated agriculture 
 


1. Climate change & environmental factors 
the risk of water shortages & extreme events 


4. Теchnologies and Innovations 
reducing pollution from hazardous substances 


and improving treatment 


3. Demographic 
trends 


•Urbanization  
•Changes of 


lifestyle  
•Migrations 
•Increasing 
domestic 


withdrawals  
•Wastewaters 


pollution   


Global Trends affecting Water Resources 


  


Water demand is expected to outstrip supply by as much as  
40 per cent by 2030 (UNEP, 2015). 
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1. Global Trends.  
Climate change and water resources  


Water availability is sensitive to climate change 
 


Impact on forest 
growth  


Global 
temperature 


rise 


Precipitation 
change 


Extreme 
weather 
events 


Permafrost  
degradation  


Glaciers  
shrinkage 


Soil degradation 
& desertification 


Snow cover 
reduction  


 
Freshwater 


availability variations  
 


Increased frequency of 
floods & droughts 


Changes of dilution 
capacity of rivers 


Changes of 
ecological status of 


water bodies 
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Threats emerging under the global trend  


“Climate change and Environment”  
 


Relative changes of river discharge on the 
base of ensemble of 12 models with the 
lower limit of the confidence interval 
Source: Kasimov, Kislov (eds.), 2011  


The increasing risk of water 
shortages   


• Increased frequency of 
drought and extended low flow 
conditions in Southern part of 
European part of Russia 


• Changes in freshwater flows:  
Decrease in river discharge to 
30 per cent could be expected 
European Russia and 
Caucasus sub-region 


• Agricultural water withdrawals 
are likely to rise due to climate 
change by about 15 %  in 
Western and Central Europe 
and 11 % in Central Asia 
(Wada et al,  2016).  
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Specific diseases associated  


with water factor 
  


Bacterial 


Viral
Protozoa


Helminthiases


Vector-borne 
infections


• Холера
• Брюшной тиф
• Шигеллезы
• Эшерихиозы
• Иерсиниоз
• Псевдо-


туберкулёз
• Легионеллезы
• Туляремия
• Лептоспирозы


• Ротаврусные
инфекции


• Гепатит А
• Гепатит Е


• Криптоспори-
диоз


• Циклоспороз
• Лямблиоз
• Амебиаз
• Акантамебиаз
• Неглериоз
• Токсоплазмоз


• Описторхоз
• Дифиллобот-


риозы
• Церкариозы


• Малярия
• Лихорадка 


Западного 
Нила


Human infection occurs 
when consuming 


 raw or poorly thermally  
processed fish of the 


carp family 


Spread of water-borne diseases  
(viral hepatitis A, typhoid,  diarrhea,  
helminthiases, etc.) 
Higher exposure aquatic life to toxic 
chemicals 
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Major threats for Russia emerging under 
economic and social trends 


The growing need to enhance water efficiency 
for reducing competition for water 


EEA: In 2030, the impact of climate change is expected to be small compared to 
socio-economic developments (mainly driving domestic and industrial water 
withdrawals), although agricultural water withdrawals are likely to rise due to 
climate change by about 15 % 
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Major threats for Russia 
 Groundwater overuse 


• Groundwater 
overuse:  15 % of 
total water abstraction 
is pumped from 
groundwater aquifers 
(the Russian 
Federation, Europe) 


• Diffuse pollution from 
intensive agricultural 
practices and 
agglomerations  
 


The distribution of contaminated sites and water intakes,  
which revealed contamination of groundwater (by hazard class) 
Source: State Report “State and Use of Water Resources of the Russian Federation in 2014” 
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Major Opportunities  


• Water management 
policies and 
technologies are key 
contribution to meet 
future water challenges 


 
– Accelerated investment in 


water-dependent 
ecosystems, water 
infrastructure and water 
management 


– Аdaptation measures to 
climate change by water 
management strategies 


Integrated water resources 
management within the 


major river basins 
 


Transboundary water 
cooperation 


Acknowledging the 
importance of natural 
ecosystems for water 


management  


Аdaptation measures to 
climate change by re-


evaluation of the risks of 
extreme events and water 
management strategies 
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Major Opportunities  
• The study revealed a number of prospective scientific research 


directions (some of them are supported by TP and RSF): 
– Development of scenarios concerning the flooding of Russian territories 


due to extreme rises in water levels; forecasting of the floods’ impact on 
land, water and ecosystems 


– Space-based monitoring of rivers’ hydrological states and systems 
– Development of models to study the emergence of dangerous and 


extreme hydrometeorological process mechanisms in the hydrosphere 
– Technologies and systems to prevent any negative transborder 


environmental impact in river basins 
– Development of techniques to reduce anthropogenic pressure on water 


reservoirs – water supply sources 
– Development of alternative industrial water supply systems 
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3. Strategies for adaptation &  mitigation, 


effective use of the opportunities 


 


1. Global trends, 
affecting water 


resources 


2. Threats and 
opportunities for 
water resources   


of Russia 


3. Strategies for 
adaptation &  mitigation, 


effective use of the 
opportunities 
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Trends in Water Use of Russia  
(based on State Reports “State and Use of Water 


Resources of the Russian Federation”) 


1990 
Water withdrawal: 87.4 x 109 


m3   


(1996) 


Groundwater withdrawal: 
12.9 x 109 m3   


Agricultural water use – 27% 
 


Freshwater withdrawal per 
capita: 589 m3  per year   


2000 
Water withdrawal: 77.4 x 109 


m3   


(2005) 


Groundwater withdrawal: 
10.6 x 109 m3   


 


Freshwater withdrawal per 
capita: 517 m3  per year   


2010 
Water withdrawal: 68.7 x 109 


m3     


Groundwater withdrawal: 
9.16 x 109 m3   


Agricultural water use – 18% 
 


Freshwater withdrawal per 
capita:  480 m3  per year   
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Sustainable Development Goals: Ensuring the 
availability and sustainable management of 


water and sanitation for all 
 


Green 
Economy 


Efficient water 
use 


Water demand 
management  


Sustainable 
Infrastructure 


 


The growing need to enhance water efficiency, improve water quality and 
ultimately water governance (UNEP) 
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Sustainable solutions for Water 
Resources 


•New generation purification systems 
•Sorbents and reagents for wastewater management 


•   Changes in operations and supply-chains 
 


Water purification for water quality  


•New environmentally friendly substances to protect from 
point and diffuse pollution  Technologies to protect surface and 


ground water 


• Restoring ecosystem services for water security 
• Tapping ecosystem services for water provision in dry-


land basins 
•an integrated water resources management approach 
 


Freshwater quality of the ecosystems 


•Reduction of the negative impacts of droughts and 
flooding 


•Ecosystembased approach for adaption to climate change 
•Resource-efficient practices, technologies and behaviors (e.g. 
rainwater harvesting) 
 


Coping with climate change and disasters 
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Projects supported by TP under Federal 
Target Programme of the Ministry of 


Education and Science 
• Institute of Oceanology by P.P. Shirshov, RAS: Building the concept 


of expert system based on the observation module and block 
modeling environment for prediction of climate change in the Arctic 
and the navigability of the Northern Sea Route  


• Russian State Hydrometeorological University: Development of 
technology of complex ecological monitoring of water areas of sea 
and river ports 


• Research Institute of aerospace monitoring (Aerocosmos): 
Development of methods and technologies for monitoring of extreme 
weather events as magnetic field anomalies, significant seismic 
events and floods on Russian rivers using ground and satellite data 
 


   Source: Рациональное природопользование.Перспективы инновационного развития. 2016  
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ILLUSTRATIONS


River and glacier flow of  
Amudarya river (Pamir) in 
normal and extreme years


D a t a  a n d  M e t h o d s
Spatio-temporal change and variability of  the total annual flow of  
rivers Vakhsh, Panj and Amudarya were examined by using 
measurements at three gauging stations (gs): 1. Komsomolabad, 
2. Lower Panj, and 3. above the Karakum Canal). Basin area above 
each of  the gs equals to respectively 29 500 km2, 113 000 km2 and 
187 560 km2. Fluctuation in annual runoff  Q analyzed for the period 
1932-2009. The positive trend was revealed in the temporary change 
of  Q on the 2-nd and 3-rd gs and a negative trend on the first gs. 
The time interval 1961-1990 was chosen for our analysis on spatial 
variability of  seasonal (April-September) river runoff, annual 
precipitation, and mean seasonal values (June-September) of  air 
temperature.
As climate factors for river runoff, we used precipitation for January-
December (here and further this season is abbreviated as I-XII) and 
the average air temperature for June-September (abbreviated as VI-
IX) during 1961-1990 at 93 meteorological stations located along 
30.20°- 44.08°N, 67.20°- 82.98°E at altitudes of  122 - 4,169 m a.s.l. 
Analysis of  spatial variability of  river runoff, glacier runoff, and their 
climate factors have to be done in a common system of  units. This 
was achieved by transforming all studied variables into ordinates of  
integral distribution of  probabilities P for the corresponding 
function X, i.e. P(X) = 1-F(X>x). For each of  the three gs were 
defined values P(Q) (the probability of  not exceedance of  a given Q 
value) during 1932-2009 years. Spatial variability of  P(Q) values in 
normal and extreme years in the Amu Darya basin was calculated 
and described by data of  26 gs for the baseline climate period 1961-
1990. A similar study carried out for long-term series of  calculated 
annual volumes of  glacial runoff  VM in the Vakhsh and Panj river 
basins.
F e a t u r e s
- Probabilities of  yearly precipitation Pr correspond completely to 
P(R iv-ix) of  runoff  in high-water, low-water, and normal years. 
This conclusion is correct not only for the entire territory of  the 
Amudarya and Syrdarya river basins, but also for its different parts 
and altitudinal zones. Standard deviation of  P(Pr i-ix) is 
significantly less in high-water year compared to low-water and 
normal years. This feature of  precipitation is important for 
obtaining a generalized estimation of  the regional water resources 
and for improvement of  hydrological forecasts and computations.
- Probabilities of  seasonal air temperature P(Tvi-ix) demonstrate the 
absence of  rather evident relationship with seasonal runoff  in 
characteristic years. We may only note a rather cold summer season 
in the high-water year of  1969. Standard deviation of  P(Tvi-ix) is 
also significantly less in the high-water year compared to the low-
water and normal years. Thus, in the high-water year, we see rather 
good synchronism between probabilities of  precipitation and runoff, 
but for the low-water year, the extreme value of  the regional mean 
P(Pr i-ix) was in 1971 but not in 1974. Asynchronism between the 
extreme and normal years for runoff  and air temperature was 
identified after calculating P(Tvi-ix) independently from P(R iv-ix) 
of  runoff. Spatial distribution of  P(Tvi-ix) in the normal and 
extreme years is shown on Figs. 3 a-c.
Statistical analysis as above for runoff  and it climate factors carried 
out for long term serie of  calculated annual volume of  glacial runoff  
VM in the basins of  the Vakhsh and Panj. As a result, it was found 
that in the upper reaches of  the Amu Darya for the 1935-1993 
identified four extreme and 10 normal years in terms of  VM volumes. 
Table 1 shows the results of  identification of  the normal and 
extreme years for glacier runoff  VM and their statistical 
characteristics.
Table 1. Characteristics of  normal and extreme years


C o n c l u s i o n
High levels of  spatial synchronism for minimal air temperature in 
June-September and maximal precipitation in January-December as 
feature of  the regional climate has been identified for the first time 
ever.
Spatial distribution of  the total amount of  glaciers’ melting is less 
variable in the years with extreme water yield compared to the 
average years. This peculiarity is very beneficial for hydropower and 
agriculture sectors because it provides additional ability to stabilize 
water balance of  reservoirs, utilizing natural features of  the regional 
climate.


Fig. 1. Spatial variation of  annual flow of  the Amu Darya river  in the normal (a), maximal (b), 
and minimal (c) cases characterize distribution of   the P(Q) in 1963, 1969, and 1986 years. These
cases were selected from the annual average value P(Q) in a matrix 26 gs x 30 years. Marks of  
triangle in the figures shows location of  the gauging stations (gs). Figure on red isoline presents
the value of  P(Q).


Fig. 2. Spatial variation of  seasonal precipitation D (October-April) over the tributaries in 
upstream of  Amu Darya river basin in the normal (a), maximal (b), and minimal (c) cases 
characterize distribution of   the P(D) in 1972, 1969, and 1971 years. These cases were selected
from the annual average value P(D) in a matrix 50 meteostations x 30 years.


Fig. 3. Spatial variation of  seasonal air temperature T (June-September) over the tributaries in 
upstream of  Amu Darya river basin in the normal (a), maximal (b), and minimal (c) cases 
characterize distribution of   the P(T) in 1966, 1984, and 1972 years. These cases were selected
from the annual average value P(T) in a matrix 50 meteostations x 30 years.
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Motivation
River bank filtration (RBF) occurs where surface water is induced by
pumping to flow into wells installed on the banks of rivers (Fig. 1). In
the case of polluted surface water, RBF offers a natural cost-effective
pre-treatment step, achieving a reduction in disinfection by-product
formation, removal of pathogens, algae and heavy metals, better taste
of water, and protection against shock loads of chemicals resulting
from accidents. Disadvantages could include dissolution of iron,
manganese and arsenic and increases in hardness and ammonia, but
these can be prevented by appropriate site selection and well operation.


Fig. 1: Sources of  iron in abstracted water from RBF wells


Coupling RBF and SIR
Under certain boundary conditions Fe, Mn and As can be removed by
subsurface iron removal technique (SIR). By infiltrating oxygen-
enriched water through an abstraction well iron hydroxides are formed
in the aquifer around the well providing adsorption sites for Fe(II) and
other cations (Fig. 2). Periodic alternation between infiltration and
abstraction eventually results in the production of iron-free water.


Fig. 2: Principle of  subsurface iron removal (SIR)


Planning and design of  river bank filtration 
and subsurface iron removal


Methodology for planning and design of  new sites
� comparison with existing sites with similar boundary conditions,
� field experiments using observation wells,
� lab experiments using original river water and aquifer sediments,
� geohydraulic modelling to determine flow paths and travel times,
� hydrogeochemical modelling to determine removal rates,
� simulation of  well operation and required monitoring.


Coupling RBF and SIR in Khabarovsk
Due to the pollution of the Amur River (Kulakov et al., 2009) and
low temperatures in winter a particular SIR technique (SUBTERRA)
has been implemented in Khabarovsk (Figs. 3 & 4). A two-year pilot
plant operation started in 2007. Wells were operated with an
abstraction/infiltration rate of 150 m³/h. Since 2014, 24 wells have
been operated. A large data base has been created with monitoring
data for 65 groundwater observation points and assessed in
combination with hydraulic and hydrogeochemical modelling. An
optimum adaptation of the technology can be achieved by adjusting
well operation parameters. In Khabarovsk, an oxygen concentration
of more than 12 mg/l in the infiltration water is essential for a high
efficiency of the treatment system.


Fig. 3: Well construction Fig. 4: Well head design for SIR


There is a high potential for wider use of RBF in the Far East of
Russia, especially for the removal of turbidity and colour of water as
well as for easier maintenance in winter, when the Amur River is
covered by ice. It could serve as an alternative to direct river water
abstraction to have better protection against contaminants present in
river water and frequent spills of chemicals from industrial facilities.


Conclusion
RBF and SIR can serve as a pre-treatment or full treatment steps for
waterworks. The efficiency of both techniques is very much site-
specific and depends on design and operation features. Experiences
from existing sites could be used as a benchmark for planning new
sites as is being done in India and Russia, but have to be adapted to
the local conditions e. g. climate, river morphology, and water quality.
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Kuchment L.S. and Demidov V. N. 


The new paradigm in hydrological forecasting (ensemble predictions and their improving 


based on assimilation of observation data) 


In recent decades, a significant advance in the development of methods of hydrological forecasts 


and their practical application has been observed. Implementation into operative practice of 


runoff generation models and improving hydrometeorological information has provided an 


opportunity to create the hydrological forecasting systems which can produce continuous 


predictions for different lead times. The accuracy and reliability of hydrological forecasting has 


been significantly increased. However, for decreasing the risk in water resources control the 


more urgent becomes the problem of how to ensure more comprehensive and at the same time 


more cautious use of forecasting information taking into account of possible errors and 


uncertainties in the available forecasts. In this regard, in the last 5-7 years intensified 


investigations have carried out for qualitative change in hydrological forecasting paradigm: 


deterministic (single) forecasts are replaced by probabilistic forecasts based on so-called 


ensemble prediction and data assimilation techniques .This transfer became possible as a result 


of recent achievements in computational power and physically based modeling.  


The probabilistic forecasts are more valuable than deterministic forecasts because they can be 


used not only to predict the most likely event but also to assess the probability of occurrence of 


extreme and rare events. The ensemble prediction where forecasts are obtained on the basis of 


the ensembles of input data and different scenarios of the multiple uncertainties (model errors, 


errors in initial conditions and inputs, etc) is one of the most promising techniques of accounting 


for uncertainties and obtaining of probabilistic forecasts. An important advantage of ensemble 


prediction is the ability to more accurately forecast if new information about the measurements 


of the characteristics of the state of the hydrological system or the predicted values entries. Many 


flood forecasting centers around the world use now the ensemble prediction based on 


meteorological forecasting (Cloke and Pappenberger,2009). Data assimilation techniques give an 


opportunity to improve probabilistic forecasts using the merging, in an optimal way, the 


information present in imperfect models and inaccurate observation data. It is clear that 


ensemble forecasts, however, cannot account for all of uncertainties and it is necessary to carry 


out researches of possibilities of taking into account of most important uncertainties for various 


runoff generation processes and hydrological models as well as for different forecast horizons 


and available hydrometeorological observations. 


In the Water Problems Institute of RAS, the investigations of different techniques of ensemble 


predicting have been carried out for long-term and short-term forecasting of the spring runoff of 







several Russian river basins. The technique of long-term (with the lead time of 2-3 months) 


ensemble forecasting of the spring runoff volumes and the peak discharges was based on the use 


of the distributed physically based model of runoff generation and ensemble simulation of input 


data. The model includes description of snow accumulation and melt, soil freezing and 


redistribution of soil moisture during autumn and winter period and processes of runoff 


generation after the beginning of spring snowmelt period. Ensembles of input data consist of 


historical daily temperature, precipitation and air humidity observations for previous years or the 


Monte Carlo simulations of these time series. The physically based model is applied to calculate, 


using meteorological data for the autumn- winter period, initial river basin conditions before 


forecasting (commonly, the soil moisture and depth of frozen soil; sometimes, the snow water 


equivalent) and to estimate the runoff hydrographs during the lead-time period. Continuous 


simulation of runoff generation processes for each snowmelt flood began from 1 May of the 


previous year. Using ensembles of input data, we have an opportunity to calculate ensembles of 


possible hydrographs, determine probability distribution of the forecasted flood volumes and peak 


discharges, and estimate the forecast uncertainty caused by different ways of assigning 


meteorological data during the lead time period. The case studies have been carried out for the 


Sosna River basin (catchment area is 16400 km2), for the Seim River basin (catchment area is 


7500 km2) and for Cheboksar reservoir inflow (Kuchment L.S,Gelfan A.N., Moreido V.M.). 


Application of the physically - based model of snowmelt runoff generation and ensemble 


prediction  gave for these basins an essential improving of statistical estimates of forecast skill in 


comparison with the forecasts obtained by the regression relationships typically used for the long 


term forecasts. At the same time, the ensembles of possible hydrographs gave an opportunity to 


estimate the probabilistic uncertainty of the forecasts. 


The quality of short-term hydrological forecasting to a large extent depends on the accuracy of 


assigning of initial conditions which characterize the water storage of the river basin (soil 


moisture, surface routing storage, subsurface routing storage).The measurements of these 


variables are usually absent and for short-term hydrological forecasting it is necessary to 


calculate them for some long enough time period before the time of forecast issue. In this 


process, accumulation of errors in water storage characteristics occurs. Data assimilation 


procedure can reduce error accumulation using quantifying errors in both the hydrological model 


and observations and updating hydrological model states in a way that optimally combines 


model background with observations. Application of data assimilation technique in hydrological 


forecasting is relatively new but there is a number of successful examples of its use (Y. Liu et 


al.,2012). Most of hydrological applications of data assimilation techniques are based on the 


ensemble Kalman filter which provides the sequential updating of chararteristics of state of the 







hydrological system to correct the errors between model outputs and observed values and 


improved forecasts. To account for uncertainties in prediction, ensembles are produced by 


stochastically perturbing the inputs, model parameters and model states. The success of data 


assimilation technique depends critically on accuracy of quantifying uncertainties. In connection 


with in solving this problem, it is preferable using physically based hydrological models where 


model variables have clear physical sense that make the problem of quantification of 


uncertainties easier. However general approach for proper quantifying uncertainties in 


observations and forecast models has not developed. 


We used the ensemble Kalman filter to develop the short-term experimental ensemble forecast 


technique of snowmelt runoff on the horizon up to 6 days for  the Liski outlet of Don River basin 


(catchment area 69,500 km2). The model is based on the finite-element schematization of 


catchment area and river channel network and includes description of snow accumulation and 


melt, soil moisture dynamics, overland, subsurface and channel flow. The stochastic perturbation 


of the input data as well soil moisture and soil ice content layer has been carried out to explore 


sensitivity of the predicted discharge to different uncertainties and to investigate the influence of 


assimilation updating on hydrological modeling and forecasting at different given errors of 


discharge observation data. It has been established that the most important for short time 


forecasting in the Liski basin are uncertainties in input and soil moisture. Comparisons of 


forecasts made by application the ensemble Kalman filter and without have been showed a 


marked improving of forecasts and increase of forecast lead times. The carried out researches has 


been also showed that the ensemble forecasting with assimilation procedure have a essential 


potential for improving of short time hydrological forecasts. 
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In recent decades, a significant advance in the 
development of methods of hydrological forecasts 
and their practical application has been observed. 
The accuracy and reliability of hydrological 
forecasting has been significantly increased. 
However, for decreasing the risk in water resources 
control , the more urgent becomes the problem of 
how to ensure more comprehensive and at the same 
time more cautious use of forecasting information 
taking into account of possible errors and 
uncertainties in the available forecasts.  


 







In the last 5-7 years intensified investigations have 
carried out for qualitative change in hydrological 
forecasting paradigm: deterministic (single) forecasts are 
replaced by probabilistic forecasts based on so-called 
ensemble prediction and data assimilation techniques 
.This transfer was made possible as a result of recent 
developments in computational power and physically 
based modeling.  


 







The probabilistic forecasts are seen as being much more 
valuable than single forecasts because they can be used 
not only to identify the most likely outcome but also to 
assess the probability of occurrence of extreme and rare 
events. Using of probabilistic forecasts provides an 
opportunity to account the uncertainties comes from multiple 
sources: model structural errors, errors in model 
parameters, errors in model initial conditions, errors in the 
observed model inputs. One of the most promising way for 
accounting for uncertainty and obtaining of probabilistic 
forecasts is so-called ensemble prediction where forecasts 
are obtained on the basis of modeling the ensembles of 
input data and different scenarios of the possible 
uncertainties. The hydrological forecasts in this case are 
represented as ensembles of predictions or as based on 
these ensembles statistical estimates. 











∗ Ensemble methodologies are fast gaining popularity and 
acceptance as a new paradigm for operational hydrologic 
forecasting and risk-based water resources management. 
This trend reflects the recognition that there will always be 
significant uncertainties in hydrologic predictions due to 
limited predictability in atmospheric forcings, errors in 
model structures, initial condition, parameters. 
 


∗ Ensemble methodologies: 
∗ Estimate of predictive uncertainty.  
∗ Improve the absolute accuracy of the forecast – 
∗ Extend forecast lead time 







Cloke and Pappenberger (2009) list a large number of 
case studies and long term evaluations showing the added 


value of EPS 


“the use of meteorological ensembles to produce sets of 
hydrological predictions increased the capability to issue flood 


warnings” (Balint et al., 2006, p.67) •  
  


 “The hydrological ensemble predictions have greater skills than 
deterministic ones”. (Roulin, 2007) •   


  
 


“The use of EPS in hydrological forecasting proved to be of 
great added value to a flood early warning system, as the EPS-


based forecasts showed in general higher skill than the the 
deterministic based ones”. (Bartholmes et al., 2008) •  







      Data assimilation aims to merge, in an optimal way, the 
information present in imperfect models and data with errors 
of observations and update hydrological model states in a way 
that combines model simulations with observations To do this 
it is necessary to quantify errors in both the hydrological model 
and observations. Data assimilation has great potential in 
physically based hydrological models where model variables 
have clear physical sense.  







    In practice, ensemble forecasts, however, cannot account for all 
of uncertainties and it is necessary to carry out researches of 
possibilities of taking into account of most important uncertainties 
for various runoff generation processes and hydrological models 
as well as for different forecast horizons and available 
hydrometeorological observations. 
 
    In the Water Problems Institute of RAS, the investigations of 
different techniques of ensemble predicting have been carried out 
for long-term and short-term forecasting of the spring runoff of 
several Russian river basins. 







Characteristics of snow and soil conditions  
on the date of the forecast issue 


Ensemble long-term forecast  


Physically based, distributed 
hydrological model 


Probability distributions  
of flood volume and peak discharge 


Monte Carlo generated ensembles of meteorological time series for 
the lead-time period  


(2-3 months) 







   The technique of long-term (with the lead time of 2-3 months) 
ensemble forecasting of the spring runoff volumes and the peak 
discharges was based on the use of the distributed physically 
based model of runoff generation and ensemble simulation of 
input data. The model includes description of snow accumulation 
and melt, soil freezing and redistribution of soil moisture during 
autumn and winter period and processes of runoff generation 
after the beginning of spring snowmelt period. Ensembles of input 
data consist of historical daily temperature, precipitation and air 
humidity observations for previous years. The physically based 
model is applied to calculate, using meteorological data for the 
autumn- winter period, initial river basin conditions before 
forecasting (commonly, the soil moisture and depth of frozen soil; 
sometimes, the snow water equivalent) and to estimate the runoff 
hydrographs during the lead-time period. 







∗ The case studies have been carried out for the Sosna River basin 
(catchment area is 16400 km2), for the Seim River basin 
(catchment area is 7500 km2) and for Cheboksar reservoir inflow 
(Kuchment L.S,Gelfan A.N., Motovilov J.G.,Moreido V.M.). 
Application of the physically - based model of snowmelt runoff 
generation and for these basins gave an essential improving of 
statistical estimates of forecast skill in comparison with the 
forecasts obtained by the regression relationships typically used 
for the long term forecasts. At the same time, the ensembles of 
possible hydrographs gave an opportunity to estimate the 
probabilistic uncertainty of the forecasts 


CASE STUDIES 
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Examples of the probabilistic forecasts of April-June runoff volume (Vyatka 
River)  Low flow Middle flow 


High flow 


Observed runoff 


Deterministic forecast 


Histograms of 
probabilistic forecast 
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Examples of the probabilistic forecasts of April-June peak discharge  
(Vyatka River)  


Observed runoff 


Histograms of 
probabilistic forecast 


Deterministic forecast 


Low flow 







∗        The quality of short-term hydrological forecasting to a large 
extent depends on the accuracy of assigning of initial conditions 
which are characterized the water storage of the river basin (soil 
moisture, surface routing storage, subsurface routing storage). The 
measurements of these variables are usually absent and to make 
short-term hydrological forecasts it is necessary to calculate them 
for long time period before the time of forecast issue In this 
process, accumulation of errors occurs. Data assimilation procedure 
can reduce error accumulation using quantifying errors in both the 
hydrological model and observations and updating hydrological 
model states in a way that optimally combines model background 
with observations.  


Short-time hydrological forecasting 







Most of hydrological applications of data assimilation 
techniques are based on the ensemble Kalman filter 
which provide the sequential streamflow assimilation of 
an ensemble prediction system. Ensembles are produced 
by stochastically perturbing the inputs and model states. 
These perturbations account for uncertainties in model 
inputs as well as some of the uncertainty in the model 
itself (uncertainty in model parameters and model 
structure) 







Ensemble Kalman Filter 
 ENKF is applied in two steps 


At the first step the physically based model is used to forecast its states at time k  


The state vectors xk corresponding to N ensemble members are combined in a model state matrix Xk 


The ensemble mean is used to derive the model error for each ensemble member  


At the second step a model state matrix Xk is corrected by  using external data (observations) and the 
Kalman gain  matrix 


where PkHTk  is approximated by the forecasted covariance between the model states and the forecasted 
discharge, and HkPkHTk is approximated by the variance of forecasted discharge  


The new model state matrix  X+k   is updated as follows 











     The success of data assimilation technique depends critically on 
accuracy of quantifying uncertainties. In this connection, it is 
preferable for data assimilation using physically based hydrological 
models where model variables have clear physical sense that make 
the problem of quantification of uncertainties easier. However 
general approach for proper quantifying uncertainties in 
observations and forecast models has not developed. We used the 
ensemble Kalman filter to develop the short-term experimental 
ensemble forecast technique of snowmelt runoff on the horizon up 
to 6 days for  the Liski outlet of Don River basin (catchment area 
69,500 km2).  







The distributed physically based model of 
mixed snowmelt-rainfall runoff  generation 
has been applied to calculate the runoff 
hydrographs. The model is based on the 
finite-element schematization of 
catchment area and river channel network 
and includes description of snow 
accumulation and melt, soil freezing, 
redistribution of soil moisture, overland, 
subsurface and channel flow. 







For short-term experimental ensemble forecasts snowmelt runoff on the horizon up to 
6 days it has been used previously developed physical and mathematical model of the 
snowmelt runoff in the Don basin to Liski (69500 km2). 
 


1.Specify ensemble size N, total period of  assimilation (T), horizon of 
forecasting streamflow 


2.Perturb input data  and model states 
3.Run the model for each ensemble member  
4.Forecast model states  at time t+1 for each ensemble member 
5.Compute the Kalman gain 
6.Perturb observation 
7.Update the model states 
8.Forecast streamflow at the Liski station on the horizon up to 6 days with 


updating model states 
9.Go to the calculations of the next time step 
10. Plotting and analysis of the calculation results 


 
 


Streamflow Forecasting Using Ensemble Kalman Filter 







 Forecasts on 4-day lead  time  at the Liski station via the EnKF . The solid lines and area 
represent the mean value of 100-member ensembles and 95% confidence intervals, 
respectively. The dashed lines represent deterministic modelling cases. The dots 
represent  observed discharges (13.02.-31.05.1981) 
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 Forecasts for 4-d lead  time  at the Liski station via the EnKF . The solid lines and 
area represent the mean value of 100-member ensembles and 95% confidence 
intervals, respectively. The dashed lines represent deterministic modelling cases. 
The dots represent  observed discharges (13.02.-31.05.1985). 
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 Forecasts for 4-d lead  time  at the Liski station via the EnKF . The solid lines and 
area represent the mean value of 100-member ensembles and 95% confidence 
intervals, respectively. The dashed lines represent deterministic modelling cases. The 
dots represent  observed discharge (13.02.-31.05.1989) 
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The stochastic perturbation of the input data as well soil 
moisture and soil ice content layer has been carried out to 
explore sensitivity of the predicted discharge to different 
uncertainties and to investigate the influence of assimilation 
updating on hydrological modeling and forecasting. It has 
been established that the most important for short time 
forecasting in the Liski station  are uncertainties in input and 
soil moisture. Comparisons of forecasts made by application 
Ensemble Kalman Filter with soil moisture perturbation  have 
been showed a marked improving of forecasts and increase of 
forecast lead times.  







   The carried out researches has been also showed that the 
ensemble forecasting with assimilation procedure have a 
essential potential for improving of short time hydrological 
forecasts  
    However the present day hydrologic data assimilation is not 
yet technically ready for reducing predictive uncertainty in 
operational hydrologic forecasting because lack of general tools 
to properly quantify the uncertainty in observations. There are 
not sufficient researches for choice of best statistical distributions 
for modeling of uncertainties. Significant forecast errors can be 
caused by ignoring routing lag time and spatial distribution of soil 
moisture. 
  
 
 


Summary and Conclusions 







Thanks for attention 
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A conceptual hydrological forecast model, which is developed for the Siberian weather 


control and environmental monitoring service, is discussed in the paper. The model is applied to 


forecast both water level on rivers of the basins of the Ob, Yenisei, Amur, Selenga rivers and 


inflow in reservoirs of the Novosibirsk, Sayano-Shushenskaya, Maina, Krasnoyarsk, Boguchany 


and Zeya hydropower stations. The model uses the meteorological parameters (snow 


accumulation, air temperature, precipitation) and hydrological ones (water levels, water 


discharge). The algorithms of the model components and the approach to optimization of its 


parameters are considered in [1–6]. The key points of the model are the following. 


1. Landscape-hydrological basis. Since it is impossible to provide a huge number of 


local natural systems with hydro-meteorological data, it is necessary to determine the main 


criterion of decomposition of the whole basins into homogeneous subareas (landscape-


hydrological regions). In our model, the time variations of the hydro-meteorological parameters 


are simultaneous within every subarea. This approach allows taking into account the variability 


of the model parameters subject to data obtained from a limited number of observing stations. To 


allow for the landscape variety within a subarea, it is divided into altitudinal zones. As a result, a 


large region is divided into subareas and, if it is necessary, altitudinal zonation is used within a 


subarea. Therefore, an altitudinal zone is a unit for space averaging of hydro-meteorological 


characteristics of mountain rivers basins and a subarea is a unit for a peneplain river. Within an 


altitudinal zone (or a subarea) a probability distribution is used to describe nonuniformity of 


snow cover and capacitive absorption of water by soil. 


2. The submodel of overland inflow. The model uses non-linear dependence between 


discharge q(t) of the water inflow into the river-bed network and the dynamic (gravitational) 


water storage W(t) on the slopes [1, 2, 3]: 


 
( ) ( )


( ) ( ) ( ) ( ),   ( ) ( ) .
2


n
i i


i i i i i
W t W t t


W t t W t u t t q t t q t t t tα
+ + ∆ + ∆ = + + ∆ − + ∆ + ∆ = + ∆   


  


Hereinafter i is a number of an altitudinal zone (or a subarea for a peneplain river), t  is a time 


instant, t∆  is a calculation time unit; ( )iu t t+ ∆  is a water depth derived from an area of 


altitudinal zone in t t+ ∆  determined according to the infiltration-capacitive absorption water 


model developed by E.G. Popov [7]; α  is a multiplier which allows for hydraulic properties of 


overland inflow when the snow coverage area changes on the slopes [3, 4]. 







3. Antecedent autumn soil moisture and soil melting. In the Siberia the depth of the 


soil freezing usually exceeds 50-80 cm. The water depth iU , which fills the water-holding 


capacity before the beginning of snow melting, is calculated by the following logarithmic 


equality: 


 lg(1 ) grad .
100


i
i


Z
U d c m U


∆ = + ⋅ + +  
 


   


Here d, c are parameters of the model; m is a composite index of the water permeability of soil, 


which depends on the autumnal precipitation in the previous year and the migration of moisture 


to the frost boundary; gradU  is the change of U  per 100 m of the height; 1i iZ Z Z∆ = − . Before 


the beginning of snow melting, all water which is accumulated in iU  is solid. While a surface 


soil is melting, the inflow is partially formed from iU  where soil moisture exceeds the capacitive 


absorption. The daily increase of soil melting water volume in the water basin is obtained as a 


solution of the one-dimensional one-phase Stefan problem. When the spring weather is unstable, 


water inflow is interrupted. In the model, spring frosts are taking into account by calculation of 


accumulated positive temperatures which are required to malting of water volume, temporally 


removed for ice formation during the fall of temperature (cold snap) [4].  


4. Probable model of channel travel. In the lack of informational support, the model of 


channel travel is based on the genetic runoff formula. Under this approach, the hydrograph ( )q t  


of inflow into the river-bed network of the river basin is transformed into the hydrograph ( )Q t  in 


the outlet gauge using of convolution integral 


 (1)


1 0


( ) ( ) ( ) .
k tn


j j
j


Q t k t q t k t f dτ τ τ
∆


=


+ ∆ = + ∆ −∑ ∫    


Here t  is a forecast issue date, t∆  is a calculation time unit, k t∆  is a forecast (warning) lead 


time; j is a number of subarea, n is number of landscape-hydrological regions in the basin 


(subareas); jq  is total inflow to the river-bed network from the j-region, (1) ( )Q t k t+ ∆  is water 


discharge in the outlet gauge which is formed by snow melt and rain water of the whole river 


basin in k t∆  period; ( )jf τ  is a unit hydrograph or travel time curve of the j-the region.  


In our model, the travel time curve is treated as a probability density function of the travel 


time of the elementary water volume in the hydrological system. In order to define a travel time 


curve, one should consider a classical probability distribution or its generalization associated 


with the set of conditions of a channel travel. The moments of the distribution may be expressed 


by hydrological parameters of the flow. The parameters of the travel time curve are obtained by 


optimization according to observation data [2, 3, 5]. 







5. Inclusion of the water level as of the forecast issue date into the model. In our 


model, the water discharge ( )Q t t+ ∆  in outlet gauge at the forecast issue date is determined by 


three factors [3, 5, 6], namely: 1) the water inflow (1) ( )Q t k t+ ∆  into the river-bed network 


conditional on runoff, snow melt and soil melting; 2) the depletion of water storage into the 


river-bed network expressed by water level ( )i kH t  in the observing stations of the river system; 


3) the base flow minQ . In the model the following identity is used 


 ( ) 1
0 min, min


1 1 10


( ) ( ) ( ( ) ) ( ( ) ( )) .
k tn m m


y
j j i i i i m i i


j i i
Q t t c q t k t f d c H t H c H t H t t Qτ τ τ


∆


+
= = =


 
+ ∆ = + ∆ − + − + − − ∆ + 


 
∑ ∑ ∑∫  


Here m is the number of observing stations measuring water level; min,iH  is minimal water level 


in the i-th observing stations used as zero-water level; 1y  and ic , 0,..., 2i m=  are the parameters 


of the model. As a result, the model contains more than 20 parametres which are optimised 


according to the observation data concerning warm seasons for more than 20-30 years time 


period. 
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HYDROLOGICAL FORECAST 
MODELS OF THE SIBERIAN 


RIVERS WATER REGIME 
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 The model is applied to forecast both water 


level on rivers of the basins of the Ob, 
Yenisei, Amur, Selenga rivers and inflow in 
reservoirs of the Novosibirsk, Sayano-
Shushenskaya, Maina, Krasnoyarsk, 
Boguchany and Zeya hydropower stations.  
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1. A CONCEPTUAL HYDROLOGICAL 
FORECAST MODEL 


The model uses  
 the meteorological parameters  
 snow accumulation,  
 air temperature,  
 precipitation  


hydrological parameters  
 water levels,  
 water discharge 
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2. LANDSCAPE-HYDROLOGICAL 
BASIS: SABAREAS 
A large river basin is divided into  
 homogeneous subareas (landscape-hydrological regions) 


which is divided  
 into altitudinal zone 


A small or middle river basin is divided  
 into altitudinal zone only 


THE PRINCIPLE OF DECOMPOSITION BY 
HOMOGENEOUS SUBAREAS  


A space correlation of the time variations of the 
hydro-meteorological parameters. 


 


This approach allows taking into account the data obtained 
from a limited number of observing stations 
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2. LANDSCAPE-HYDROLOGICAL 
BASIS: ALTITUDINAL ZONE 


ALTITUDINAL ZONE is a unit for space 
averaging of hydro-meteorological 
characteristics 


 
WITHIN AN ALTITUDINAL ZONE  


a probability distribution is used to 
describe nonuniformity of snow cover 
and capacitive absorption of water by soil 







5 
Division into subareas (zoning) of the basin of the reservoir storage  


of Sayano-Shushenskaya hydropower station  
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3. INFLOW INTO THE RIVER-BED 
NETWORK 


( ) ( ) ( ) ( ),   


( ) ( )( ) ( ) .
2


i i i i
n


i i
i


W t t W t u t t q t t


W t W t tq t t t tα


+ ∆ = + + ∆ − + ∆


+ + ∆ + ∆ = + ∆  
 


THE EQUATION OF THE BALANCE OF THE DYNAMIC 
(GRAVITATIONAL) WATER STORAGE ON THE SLOPES 


∆
 is a number of an altitudinal zone;  is a time instant; 


 is a calculation time unit;
 is a dynamic (gravitational) water storage on the slopes 


        per unit area of the -th 
(


altitudinal zo
)i


i


i t
t


W t


+ ∆


+ ∆


ne ;
 is a water depth derived from an area of -th altitudinal zone 


              in  (by the infiltration-capacitive absorption water model 
              developed b
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iu t t i
t t


E.G. Popov
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3. INFLOW INTO THE RIVER-BED 
NETWORK 


0
0


( ) ( ) ( ) ( ) ( ) ,


( )( , ) (1 ) ( )  th ,


( ) ( , ) - ( , ).


i i ci i i i
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THE MODEL BY E.G. POPOV (INFILTRATION-CAPACITIVE ABSORPTION)  


ω


0


 is a number of an altitudinal zone; 
 is an initial total depth of the filling of capacity;
is a part of area without outflow permanently;
is a  water-holding capacity of a b
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4. ANTECEDENT AUTUMN SOIL 
MOISTURE AND SOIL MELTING 


lg(1 ) grad
100


i
i


ZU d c m U∆ = + ⋅ + +  
 


In the Siberia the depth of the soil freezing usually exceeds 50-80 cm. 
The water depth  Ui which fills the water-holding capacity before the 
beginning of snow melting, is calculated by the following logarithmic 
equality: 


∆ = − 1,  are parameters of the model; ;
is a composite index of the water permeability of soil, 


    which depends on the autumnal precipitation 
    in the previous year and the migration of moist


 
i id c Z Z Z


m


ure 
    to the frost boundary;


 is t   per 10he 0 mchange of  of the hgrad eightU U
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4. ANTECEDENT AUTUMN SOIL 
MOISTURE AND SOIL MELTING 


Before the beginning of snow melting, all water which is 
accumulated in Ui is solid.  
 
While a surface soil is melting, the inflow is partially formed from Ui 
where soil moisture exceeds the capacitive absorption. The daily 
increase of soil melting water volume in the water basin is obtained 
as a solution of the one-dimensional one-phase Stefan problem.  
 
When the spring weather is unstable, water inflow is 
interrupted. In the model, spring frosts are taking into account by 
calculation of accumulated positive temperatures which are required 
to malting of water volume, temporally removed for ice formation 
during the fall of temperature (cold snap)  
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5. PROBABLE MODEL OF 
CHANNEL TRAVEL 


(1)


1 0


( ) ( ) ( ) .
k tn


j j
j


Q t k t q t k t f dτ τ τ
∆


=


+ ∆ = + ∆ −∑ ∫


In the lack of informational support, the model of channel travel is based on 
the genetic runoff formula. Under this approach, the hydrograph q(t) of inflow 
into the river-bed network of the river basin is transformed into the hydrograph 
Q(t) in the outlet gauge using of convolution integral 


∆
∆
 is a forecast issue date;  is a calculation time unit;


 is a forecast (warning) lead time;  is a number of subarea; 
 is the number of landscape-hydrological regions in the basin (subareas);
 j


t t
k t j
n
q


+ ∆(1)


is total inflow to the river-bed network from -th subarea; 


is water discharge in the outlet gauge which is formed 
                  by snow melt and rain water of the whole river b


( )
asin 


  


 Q t k t
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τ
∆                in  period;


 is a unit hy travel time curvedrograph or  of -th su( b) area.j
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5. PROBABLE MODEL OF 
CHANNEL TRAVEL 


( ) ( ) ( )
1


1 1 1


 Б expf
m m m


ααα τ τ
τ τ α


α


−
   


= −   Γ    
Travel time curve by Brovkovich : 


Hydrologists have observed that a water travel time curve is good  
approximated by some known probability distributions. 
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The case river reach with zero inflow :


The case of uniform distribution of  lateral inflow  along river bed : 


According to D.A. Burakov water travel time curve is considered as a 
probability density function of a time travel of an elementary volume of 
water. Moments of a travel time curve is determined by the parameters 
of a hydrological system. 


At the same time, the parameters of the probability distribution is expressed by 
the moments. Therefore, there exists the relation between the 
parameters of the probability distribution and the parameters of the 
hydrological system.  
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6. INCLUSION THE WATER LEVEL AS THE 
FORECAST ISSUE DATE INTO THE MODEL 
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∑


In our model, the water discharge Q(t+Δt) in outlet gauge at the 
forecast issue date is determined by three factors, namely: 1) the 
water inflow Q(1)(t+kΔt) into the river-bed network conditional on 
runoff, snowmelt and soil melting; 2) the depletion of water storage 
into the river-bed network expressed by water level Hi(t) in the 
observing stations of the river system; 3) the base flow Qmin . In the 
model the following identity is used 


=
min,


1


 is the number of observing stations measuring water level; 
 is minimal water level in the i-th observing stations used as zero-water level;


and ,  are the parame   0,... ters of ,2 the model
i


i


m
H
y c i m . 
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7. CONCEPTUAL HYDROLOGICAL 
FORECAST MODEL: OUTCOME 


As a result, the model contains 
more than 20 parameters which 
are optimized according to the 


observation data of warm seasons 
for more than 20-30 years time 


period. 
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8. GENERAL BLOCK DIAGRAM OF CALCULATION OF 
INFLOW TO THE RIVER-BED NETWORK OF 
ALTITUDINAL ZONE 


H


0


 is time;
 is an  water equivalent of snow cover;


 is a total depth of snow melt and precipitation water 
       ; 


 is a basin yel
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      infiltration, evaporation;


 is a dynamic (gravitational) water storage in a basing; 
is inflow to the river-bed 
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The program package  
"Snow-covered area monitoring service"  


was developed 
for processing of satellite images,  


captured in the visible  
and infrared bands of the spectrum  


(Author-Viktor Romasko) 
 


Satellite information in forecasts of runoff of 
spring floods and inflow to the reservoirs of 


hydropower stations on Yenisei river  
(snow coverage and river ice) 
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SATELLITE SNOW COVERAGE MONITORING  
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THE BASINS OF RIVER-BED NETWORK IN 
SNOW COVERING MONITORING SERVICE 


• upper reaches of Ob river  
to Barnaul 
• Ob river from Kolpashevo  
to Bilopillia 
• Tom river to Tomsk 
• Chulym river to Kiya mouth 
• Krasnoyarsk Reservoir 
• Sayano-Shushenskaya 
Reservoir 
• Boguchany Reservoir 
• Angara river  
from Ust-Ilimsk HPS 
• Kan river to Kansk 
• Kacha river (Krasnoyarsk) 
• Nizhnyaya Tunguska River  
to Tura 
• Selenga river 
• Onon river to Chiron 
• Vasyugan River 
• Om river 
• Zeya Reservoir 
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PRODUCTS OF INFORMATIONAL WEB SITE  


SNOW COVERAGE MONITORING SERVICE  
http://lpoki.akadem.ru/snow/snow-gate.exe?2alt20070408cs.html  


Survey images Classified image map 
of snow caver 


Snow coverage table Snow coverage diagram 



http://10.115.127.16:8080/snowd/snow-gate.exe?4alt2007ag.png
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SNOW COVER DAILY MONITORING:  
CLASSIFIED IMAGE MAP WITH LATITUDE GRID OF SNOW 
CAVER (Ob river, middle zone, 2013) 


APRIL, 15 APRIL, 16 


APRIL, 17 APRIL, 18 
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MOVING OF THE BOUNDARY OF THE SNOW 
COVER: 16-DAYS-COMPOSITE MAP WITH LATITUDE GRID (Ob river, 
middle zone, spring 2013) 


MARCH, 30 APRIL, 20 


MAY, 10 MAY, 30 







21 


MULTI-ANNUAL DIAGRAM OF SNOW COVERAGE  
(basin of  Sayano-Shushenskaya reservoir 2005 – 2013) 
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THE INFORMATION TO NUMERICAL MODELLING 
OF SNOW-MELT FLOOD: snow coverage of  Putorana 
Plateau (north part of  basin of  Nizhnyaya Tunguska River).  


The satellite image 29.05.97 
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HIGH MOISTURE ZONE:  
the basin of  upper reach of  Yenisey River 


The satellite image 







24 


Program package “Snow coverage monitoring service” is 
completely automated system for continuing processing 


of remotely sensed data from TERRA satellite for the 
snow coverage estimation of river basins and for the 
estimation of average seasonal snow line elevation. 


1 
Data processing 


service 


3 
Informational 


Web-site 


Program package “Snow coverage monitoring service”: 
• is a scalable multithreaded application; 
• works completely automatically; 
• works continuously 24 hours 7 days per week; 
• adds and updates data within 30 minutes upon data receiving; 
• represents data as images, reports and diagrams via Internet 


2 
File data 
storage 


Program package consists of three organization units: 
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The calculation of 
snow accumulation 


in the different 
topographical-
hydrological 


regions and high 
altitudinal zones 


The calculation of 
snowmelt and the 
area of the snow 
cover in the river 


basins 


The calculation of the 
water yield from rain or 


snowmelt during the 
period of calculation in a 


watershed excluding 
water retention and 


absorption 


STRUCTURE OF HYDROLOGICAL-MATHEMATICAL MODEL  


The calculation 
of dynamic 


(gravitational) 
water supply on 
the slopes and 
overland inflow 
into the river-
bed network 


The calculation of 
river-bed 


transformation of 
sheet inflow 


THE MODEL IS BASED ON THE PRINCIPLES 
The territorial variety of the 


processes of runoff is 
considered by identification of 


the different topographical-
hydrological regions in the 
basins. For assessment of 
mountain conditions, each 


region should have its high-
altitude zones distinguished 


The uneven distribution, 
throughout the territory of the water 
supplies in the snow cover, the 
capacitive absorptions of the water 
is taken into account by using of 
the probabilistic distributions. 


The river-bed transformation 
of sheet inflow is calculated 
with the use of the function 
of the density of the 
distribution of the probability 
of the travel time of the 
elementary water volumes. 
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THE PROGRAMM RESULTS:  
SHORT-TERM FORECAST OF INFLOW TO  


SAYANO-SHUSHENSKAYA RESERVOIR  


inflow, m3/s 


daily inflow 


the 3 days forward forecast: 


the 7 days forward forecast:  
from May, 28-th to June, 3-rd 
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QUALITY OF THE FORECAST MODEL:   
FORECAST OF DAILY INFLOW FOR SAYANO-
SHUSHENSKAYA RESERVOIR 


forecast lead 
time, days 


 
1 


 
2 


 
3 


 
4 


 
5 


 
6 


 
7 


S  
Root-mean-square 
deviation of the  
forecast, m3/s 


175 252 322 392 446 480 503 


σ 


Root-mean-square 
deviation 
of inflow over the 
period , m3/s 


255 442 596 727 839 932 1010 


S /σ 


The criterion of  
the method  
(version 2007,  
observation data  
over 21 years,  
II-III quarter) 


0.685 0.571 0.540 0.540 0.532 0.515 0.498 







Month 
 May June II  


quarter 


admissible error, м3/с 496 836 312 


2007 


Прогноз 3358 3771 2550 
Факт 2950 3920 2680 


Ошибка 
прогноза 408 -149 -130 


Оправдываемость: + + + 


2008 


Прогноз 2510 3310 2110 
Факт 2200 2930 1940 


Ошибка 
прогноза 310 380 170 


Оправдываемость: + + + 


2009 


Прогноз 3000 4420 2860 
Факт 3080 4380 2790 


Ошибка 
прогноза -80 40 70 


Оправдываемость: + + + 


2010 


Прогноз 4110 6820 3500 
Факт 2870 6770 3440 


Ошибка 
прогноза 1240 50 60 


Оправдываемость: - + + 


2011 


Прогноз 2735 3090 2300 
Факт 2130 3800 2490 


Ошибка 
прогноза 605 -710 -190 


Оправдываемость: - + + 


2012 


Прогноз 2160 3130 1980 
Факт 2660 2550 2010 


Ошибка 
прогноза -500 580 -30 


Оправдываемость: + + + 


2013 


Прогноз 3270 3280 2800 
Факт 2990 4580 2830 


Ошибка 
прогноза 280 -1300 -30 


Оправдываемость: + - + 
Общая оправдываемость 
прогнозов 71 86 100 
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During several recent years, а methodology for operational optimization in hydrosystems 


(including forecasts of the hydrological situation) has been developed with direct participation of 


RusHydro experts and strong involvement of the scientific and technical institutions from other 


state agencies. The forecasts accuracy improvement of the water inflow into the reservoirs 


during planning of water and energy regime was one of the main goals for implemented 


research. Computer implementation of this methodology is data-supported modeling system, 


which includes following modules: 


− Database tool for handling various observation and forecast data (database module); 


− Operational short- and long-range hydrological forecasting system (hydrological modelling 


module); 


− Hydropower plant (HPP) operation planning and optimization (planning module). 


Here the results are given of the development of the first two modules, namely Burea 


river hydrological model construction and database design. 


Burea river is the second left largest Amur tributary after Zeya river with its 70.7 


thousand square kilometers watershed and 723 km-long river course. A variety of natural 


conditions – from plains in the southern part to northern mountainous areas determine a 


significant spatio-temporal variability in runoff generation patterns and river regime. Two major 


hydropower plants are located in the basin – Bureyskaya HPP and Nizhne-Bureyskaya HPP (to 


date - under construction). Bureyskaya HPP provides reliable operation of the Far East far 


Eastern energy powersystem, smoothing the unevenness of the power load, as well as serve as a 


rapid emergency reserve. Bureyskaya HPP is a key station in the Russian Far Eastern energy 


system. With a spacious reservoir, Bureyskaya HPP makes a significant contribution to the 


protection of the Amur region from catastrophic floods. Nizhne-Bureyskaya HPP located 90 km 


downstream Bureyskaya HPP upon completion will serve as compensating reservoir to level up 


diurnal stage oscillation occurring due to Bureyskaya HPP operation. Besides energy production 


it will also reduce winter inundation of several settlements located downstream of this station. 


The hydrological module of the system is based on semi-distributed runoff generation 







model ECOMAG (ECOlogical Model for Applied Geophysics) [1]. The model has been widely 


tested in a variety of river basins at different scales including ungauged basins and has proven 


efficiency for daily runoff calculation. Based on the ECOMAG model a software computer 


system has been developed for applied and research tasks which in addition to the calculation 


module includes GIS-enabled data preparation module, hydrological and meteorological time-


series database, as well as managing shell. 


  The model setup for Bureya river included watershed and river network schematization 


with GIS module by DEM analysis, meteorological time-series preparation, model calibration 


and validation against historical observations. The results showed good model performance as 


compared to observed inflow data into the Bureya and Nizhne-Bureya reservoirs and gauged 


runoff data at Malinovka gauging station and high diagnostic potential of data-modeling 


subsystem of the runoff formation (from this point onward referred to as IMP “Burea”). 


With the use of IMP “Burea” the following flowchart for short- and long-range 


forecasting of inflow into Bureyskoe reservoir and forecast correction technique using 


continuously updated hydrometeorological data has been developed:  


1. Daily renewal of weather observations and forecasts database using special IMP 


“Burea” component via the Internet; 


2. Daily runoff calculation from the beginning of the current year to current date is 


conducted; 


3. Short-range (up to 7 days) forecast is generated based on weather forecast;  


4. Long-range (up to 3 months) ensemble hydrological forecast is generated over an 


ensemble of historically observed weather conditions in the basin. 


The IMP “Burea” generated daily inflow time-series are then introduced into Bureyskaya 


HPP control simulation model. This paper addresses the development of hydrological model and 


short-term hydrological forecasts only. 


The idea underlying the model assimilation of newly obtained hydro meteorological 


information to adjust short-range hydrological forecasts lies in the assumption of the forecast 


errors inertia. Then the difference between calculated and observed streamflow at the forecast 


release date is "scattered" with specific weights to calculated streamflow for the forecast lead 


time. 


From 1 March 2016 till present the short-range forecasts method of water inflow into 


Bureyskaya reservoir is tested by the authors in online mode. Daily weather observations and 


meteorological forecasts are obtained from FERHRI (WRF model) and SKM Market Predictor 


(ECMWF, GFS models) via the Internet. Operational hydrological information on the water 


inflow into Bureya reservoir is obtained from the Bureyskaya HPP. Using this information the 







daily supervised short-range hydrological forecasts of the inflow into the Bureyskaya reservoir 


are generated. The evaluated short-range inflow forecast success rate is quite encouraging. 
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FORECAST OF SPRING FLOODS ON THE UPPER OB 


  


Inundations caused by spring and rainfall floods of different origin are 


among the most dangerous natural disasters in Russia. Therefore, the prediction of 


such events is of great practical importance and is one of the main problems facing 


the modern hydrology. The problem of flood forecast is very important since, on 


the one hand, it is associated with the protection of human life, health and well-


being in many regions of the country and, on the other, it is of great practical 


importance for operation of hydropower systems under the release of large 


volumes of flood water so as to provide river runoff management and to protect 


lands against flood. In extreme hydrological events, methods of short-term forecast 


based on modern techniques of numerical modeling of wave processes in rivers are 


of particular importance. To address issues related to the operation of reservoirs, it 


is important to develop methods of medium term forecasting. 


Large floods on the rivers of our country are observed regularly. For 


instance, the extreme rainfall flood, which took place in the Agedum river basin on 


July 6-7, 2012, led to a catastrophic flood in Krymsk city. The occurrence of such 


floods ("torrential flood") is associated with the specific weather conditions 


leading to local heavy rainfalls. In July-September 2013, a rainfall flood on the 


rivers of the Amur basin resulted in the inundation at the vast territory of the 


Russian Far East and the northeastern China, which appeared to be one of the 


largest natural disasters of the XXI century. One more example are the events, 


which took place in 2014-2016 under the release of floods and rainfall floods in the 


Upper Ob and its tributaries, complicating the operation of the Novosibirsk 


hydraulic structure. The extreme rainfall flood in the Upper Ob basin in spring-


summer 2014 caused a large flood on rivers of the Altai. Large floodplain areas 


and human localities in the Republic of Altai and Altai Krai were flooded; bridges 


and other hydraulic structures were destroyed; human losses were present. The 







flood also affected Tuva and Khakassia. All in all, more than 70 thousand people 


were hit by the flood. According to experts, the probability of the peak flood 


discharge at Barnaul city was about 3 %. The total material damage in Altai Krai 


amounted to about 5 billion rubles. In winter 2014-2015, the increased amount of 


snow was observed in lowland and piedmont catchments of the Upper Ob, and 


high water was expected in Ob river during the spring snowmelt. The report 


presents the results of research, carried out by IWEP SB RAS, on the short-term 


forecast and field observations of the extreme flood on the Upper Ob (2014), the 


results of the medium-range forecast of the first wave volume near the city of 


Barnaul, and a short-term forecast of the spring high water level in the Upper Ob 


(2015).  A medium-term forecast of the first wave volume of the flood (2015) was 


made in early April, a month before the hydrological event. Short-term forecasts of 


water level in Ob river during spring-summer periods of 2014-2015 were made 3-5 


days in advance.  


To describe flows on some sites of the rivers, including those with a 


complex morphometry of a bed and a floodplain, IWEP SB RAS has developed the 


computational complexes based on 1D and 2D Saint-Venant equations as well as 


the computer models for calculation of scenarios of floodplain inundation and 


prediction of spring and rainfall floods on the Upper Ob. The use of mathematical 


modeling and the data on the Ob water rise (the Fominskoye gauge below Biysk) 


and its major tributaries (rivers Charysh, Aley, Chumysh) made it possible to 


forecast (3-5 days in advance) maximum water levels at cities Barnaul and Kamen 


–on-the Ob during the extreme rain flooding occurred in Altai in 2014 and spring 


floods in 2015. For the Barnaul gauge, the predicted and actually observed 


maximum levels correlated well. For instance, the maximum water level observed 


at Barnaul on June 9, 2014 made up 702 cm (water availability- 3%), whereas the 


calculated one – 700 cm. 


For the medium-term forecasting the floods in Barnaul (2015), the method 


based on the established relationship between the volume of snowmelt runoff in 


the piedmont regions and an average coefficient of snowiness for the current year 







for the low-mountain weather stations (Zmeinogorsk, Krasnoshchekovo, 


Soloneshnoye, Charyshskoye, Kyzyl-Ozek, Turochak, Chemal and Shabalino) was 


developed. The medium-term forecast of the first floods volume (2015) was made 


in early April of 2015 (1 month in advance) with the use of the data for the current 


year. The calculation by the snowiness coefficient is evidence that the volume of 


the first wave of floods exceeds the long-term average one by 20% if there is no 


significant precipitation during the snowmelt period (April-May). It should be 


noted that the development of spring floods in the catchment of the Upper Ob in 


April-May largely depends on meteorological conditions (air temperature, 


precipitation). 


During the spring floods of 2015, the forecast of water levels on the Upper 


Ob river was made with the use of one-dimensional horizontal model of flow 


(1DH) for the river site from settlement Fominskoye up to the Novosibirsk HPS 


dam using the instrumental Gidromet data obtained from major hydrological 


gauges. In addition, the graph at the Barnaul gauge was calculated beforehand (3-5 


days). The predicted and actually observed maximum water levels near the city of 


Barnaul coincide within an accuracy of 0.02 m. 


Along with the prognostic calculations of the Upper Ob discharges and its 


water levels, the instrumental hydrological observations in some representative 


sites (including the Barnaul gauge) were performed. Monitoring of the 


hydrological situation in different parts of the Upper Ob with the application of 


Sontek RiverSurveyor Live has been carried out for several years already; to do 


that, a specially organized network of gauges is used. In spring periods of 2014-


2015, the measurements of water discharge in some sites nearby Barnaul were 


made at maximum water levels. The obtained measurement data on water 


discharge are used for further improvement of computer-based prognostic models. 


Close agreement of the results on short-term forecasts and observation data 


(including that for water levels at the Barnaul gauge) points to the fact that the 


1DH model developed for the Upper Ob flow can be successfully used in the 


studied area for the short-term estimates of floodplains inundation caused by spring 







and rain floods as well as for the establishment of the regime of water release from 


the Novosibirsk reservoir.  


 







Bugaets A.N., Gartsman B.I., Gonchukov L.V., Sokolov O.V., Lee K.T., Motovilov Yu.G., Belikov 


V.V., Moreido V.M., Kalugin A.S., Aleksyuk A.I., Krylenko I.N., Rumyantsev A.B. 


REGIONAL HYDROLOGICAL MODEL - THE INFRASTRUCTURE AND FRAMEWORK FOR 


HYDROLOGICAL PREDICTION AND FORECASTING. 


Support of flood risk and water resources management, hydro-engineering, ecosystem services, 


climate change impact assessment, etc. ought to be based on the advance of hydro-


meteorological science, modeling and forecasting capabilities. The Regional Hydrological Model 


(RHM) focuses on the development of an advanced infrastructure and framework to integrate 


observational databases, models, analysis and GIS tools adopted from the best practice of the 


most advanced related projects and infrastructures in Russia, US and EU, resolves 


heterogeneous models combine issues in a scalable and interoperable way to leverage 


multidisciplinary scientific approach for water management and flood risk. 


RHM underlying structure has been implemented as network of data sources separated on local 


(low) and management (high) level nodes, integrated via web services. Local nodes were 


organized on the territorial (or river basin) principle. High level (servers) controls metadata 


consistence on low level (local network nodes), supports data fusion and information backup, 


internal and external communication (users or systems). 


IT infrastructure of local node responsible for receiving, storage and processing data 


information, quality control, visualization (GUI) etc. is joint into the so called Automated 


Hydrological Monitoring System (AHMS) software package [1, 5]. All datasets (generated by 


sensor networks, different kind of simulation, samples, etc.) are organized and stored within a 


central database (DB) implemented on open source object-relational database system 


PostgreSQL. 


RHM DB schema was adopted from CUAHSI Observation Data Model (http://his.cuahsi.org). It 


allows all types of hydrometeorological data to be unambiguously interpreted by sufficient 


ancillary information (metadata) and provide traceable heritage from raw measurements to 


useable information. RHM extends CUAHSI ODM for save historical changes in observation site 


definition, warning events, multiple “qualifiers” for each observation, wise QC levels rationality 


and other improvement needed to meet operational mode requirements. Backward 


compatibility with CUAHSI WaterOneFlow web service and OGC WaterML 2.0 is achieved by 


creating of views exactly matches to ODM schema and CUAHSI HIS metadata vocabularies. 


RHM distributed data network, application of open Postgres RDMS, applying of well-known 
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web and OGC standards and exchange formats unified data access for most of the hydrological 


application. In particular, AHMS web-services wrapped by OGC OpenMI (http://openmi.org) 


interfaces create a framework where data and models could be executed as a single workflow. 


RHM capability to adhering of meteorological, hydrological and hydraulic modeling tools 


illustrated by few case studies assessment of impact created by flood events in the Russian Far 


East (where geographical position combined with a monsoon climate affected by typhoons and 


extreme heavy rains caused rapid rising of the mountain rivers water level and led to the flash 


flooding and enormous damage). 


In first example a combination of AHMS observation DB, WRF, Flood Cycle Model (FCM), KW-


GIUH and ESRI ArcHydro geodatabase (http://support.esri.com) was used to predict hourly 


hydrograph caused by typhoon Sunba (Sep. 17-19, 2013) for the Komarovka river basin (157 


km2 ) located in the south of Primorsky krai [2]. This simple example emphasis on infrastructure 


of the modeling system and the adjustment of RHM workflow (processing), the river runoff 


formation process presented rather schematically. FCM is used as the block of the river runoff 


formation and KW-GIUH transform the effective precipitation into the outlet hydrograph. Each 


component regardless of its purpose realizes the ILinkableComponent central interface of 


OpenMI for data exchange at runtime. WRF OpenMI-compliant component provided 


seamlessly access to the WRF netCDF output files without actual models connection by 


wrapping web-service clients into a Linkable Component. ArcHydro buffered all intermediate 


requests and results for postprocessing and visualization. 


Next example drawn up AHMS, operative WRF model of Primorskoe hydrometeorology and 


environmental monitoring agency (Vladivostok) and well known SWAT 2012 [3] hydrological 


model for gauged (1-3 ths. km2) catchments of Ussuri river. The weather state variables 


(precipitation, wind, solar radiation, air temperature and relative humidity) are processed by 


automatic input selection algorithm to single out the most relevant values used by SWAT model 


to yield climatic data at the subbasin scale. Simple closest neighbourhood interpolation 


between the WRF grid and SWAT subbasins centroid (which are coinciding as virtual weather 


stations) realized as OpenMI AdaptedOutput. Results are stored in the AHMS DB. Enforcing 


SWAT with WRF output allowed avoids some semi-empirical parameters and stochastic 


approximation, facilitate the operational streamflow forecast, reduce the lead time of the data 


pre-processing stage and focus on postprocessing analysis. 


Last example demonstrates OpenMI based solution as platform for flood risk management 


support. In this study semi-distributed hydrological model ECOMAG, hydrodynamic DHI MIKE11 
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and STREAM2D models combined for analyzing impact and flood protection effect of large 


reservoirs and large-scale hydro-technical constructions on populated floodplains [4]. 


Numerical experiments were carried out for the middle Amur River to reproduce flood regime 


near the city of Blagoveshensk under different scenarios of existing and projected large 


reservoirs on the Zeya and Bureya tributaries, as well as large-scale flood protection 


constructions. 


Given examples summarize base idea of RHM as an IT infrastructure and framework for 


developing the operative integrated modeling and forecasting systems. RHM does not tied with 


predefined set of models, DBs or exchange formats rather base on OGC standard and regional 


best practice tackles technical issues to enable exploit newly developing and legacy software 


with minimal adaptation and OpenMI plug and play principle. Maximum gain from RHM 


approach anticipated for the large transboundary watersheds, particular for the BRICS member 


states with biggest river systems cover millions km2 and few time zones requiring collaboration 


between number of regional monitoring agencies, meteorological, hydrological and hydraulic 


scientists predicting weather, runoff and flooding, public services to protect population and 


economic entities. 
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Klimenko DE 
The development of methods of preventing adverse vozdestviya waters, 


based on the analysis of data on extreme precipitation 


In the absence of reliable methods for the calculation of the maximum runoff of 
small rivers on the marginal intensity methods recommended by the current SP 33-101-
2003, there are serious errors in the extreme on the basis of the information flow rates 
of extreme precipitation. Errors caused by the imperfection of the methods of calculation 
of the genetic parameters of peak flow, one of the main of which are data heavy rains. 
This can lead to serious consequences, including the destruction of economic facilities 
(erosion of embankments of roads and railways in the event of insufficient bandwidth 
holes embankments, flooding areas, the destruction of a building), disruption of 
stormwater in urban areas, the threat to life and health of people, the threat of other 
meteorological and environmental risks. 


Attributes calculation of rain as the basis of existing methods of typing rains, 
which can be done on the differential and integral features. The first of these involves 
the distribution of the relative amounts of rainfall in a relatively regular intervals. In this 
case, the rain type is determined by the position on the time scale of maximum 
precipitation. Second - envisages the construction of an integral curve of the time 
course of rain in relative units (reduction curves). This method makes it easier to select 
the same type of rain. 


The work carried out development and refinement of the parameters that 
describe the heavy rains (the theoretical "profile rain" shower and curves reduction) 
based on the actual observation data for the period from 1961 to 2015. in the basins of 
the Tobol and Kama, the definition of statistical approaches to data analysis, 
interpretation, and synthesis of spatial design characteristics of rainfall, the development 
of methods for calculating the distribution of intra-evaluation of heavy rainfall and the 
spatial correlation of the data, the introduction of the results into the practice of 
hydrological calculations. 


On the basis of the automated analysis and processing pluviograph data with 
calculation of the theoretical and the actual profile of the unit carried out a genetic 
analysis of rainfall showers, taking into account regional geographical features of the 
territory. 


The peculiarity of the methodology proposed by the authors, is to map the 
parameters individually for each weather station, without combining data on the group of 
stations in geographically homogeneous areas. In contrast to this principle there is a 
method of zoning based on statistical homogeneity series features showers and 
theoretical curves reduction laid GA Alekseev entered the normative literature, and 
there is no alternative form used today in the practice of engineering and meteorological 
research. In the light of the development of territorial building codes to SP 33-101-2003, 
authors seems ill-founded use of normative literature only method GA Alexeyev, has a 
number of drawbacks: subjectivity combining groups of data stations in one sample; 
subjectivity of the area boundaries in low-density observation network; the absence of a 
continuous pattern fields in the event of heavy rainfall zoning; lack of alternative uses for 
the reduction of rainfall data. 


The estimation of the statistical distribution of types of rows of showers intensities 
for set intervals (5, 10, 20 min., Etc.). Selection of the laws of distribution that best 
describe the time series. It is supposed to check the data series of showers to meet the 
following distribution laws: normal; uniform; exponential; Erlang; Laplace; gamma 
distribution; lognormal; chi-square-distribution; binomial; arcsine distribution; negative 
binomial; Poisson; geometric; hypergeometric; polynomial; beta distribution; distribution 







of extreme values; Rayleigh; Weibull; Pareto; logistic distribution; Hotelling's T2-
distribution; Maxwell; Cauchy; Student; The F-distribution. 


Work has begun on a stochastic model of the distribution of intra torrential rainfall 
on the territory in question, based on the use of probability of occurrence of heavy 
rainfall on months of the warm period, describing the frequency of rainfall, average 
rainfall amounts and intensities for each rainfall, the degree of variability and 
performance asymmetry. 


Perform spatial interpretation of the curves reduction features heavy rainfall and 
their evaluation of the statistical parameters. To date, the practice of hydrological 
computations for spatial mapping data for showers adopted zoning scheme (proposed 
GA Alekseev, later developed in MV Bolgova to the territory of Mongolia and others.), In 
which for each area using the calculated parameters curves showers reduction. The 
introduction of the practice of zoning has been associated with the complexity of 
processing large volumes of information, limited observation points, insufficient duration 
of the series. Produced by the use of mapping characteristics of the shower instead of 
the conventional zoning. 


Chart the medium and the intensity of the showers provided for the 
predetermined time intervals, the statistical parameters of the intensities of the series, 
frequency and probability of heavy rainfall of varying intensity over the territory, with 
daily maximums of precipitation and statistical parameters of the distribution of the 
series of daily highs. in the case of a reliable description of the reduction curves using 
mathematical functions will also be applied mapping function parameters that describe 
the theoretical curves reduction. Based on the results of the spatial assessment of 
showers estimated geographic distribution of rainfall features and parameters of curves 
reduction. 







TOWARDS a COMPREHENSIVE APPROACH to EVALUATION of LOSS and 
DAMAGE from FLOODS: IDENTIFYING MISSING COMPONENTS 


Background and purpose 
The effects of natural catastrophes represent a major threat to the population and 


economies on a global scale. Natural disasters demolish human and industrial capital 


and weaken businesses. Floods account for 43% of all weather-related disasters and 


their frequency tends to increase. More than 2 billion people were affected and losses 


totaling 662 billion dollars were recorded from floods between 1995 and 2015 1 . 


Evaluation of loss and damage is one for the key elements of disaster management. Ex-


ante evaluation provides the information base for investment decisions and mitigating 


efforts, while ex-post evaluation reveals the need for resources for recovery and 


resilience. Quality and completeness of evaluation procedures are significant for flood 


risk management effectiveness: on the one hand, it reflects the relevance of the aid 


provided; on the other hand, it determines investment in mitigation and adaptation.  


Considerable efforts to develop evaluation guides and methodologies have been 


undertaken for the last decades. Issues related to the evaluation process (for instance, 


choosing the indicators and framework) have become a sphere of investigation for a 


variety of scholars and experts. However, comprehensive methodology for flood 


damage and loss evaluation that takes into account specific features of national 


accounting traditions is still being underdeveloped. The intent of the paper is, therefore, 


to indicate gaps in conventional methodological approach to the evaluation of loss and 


damage caused by floods. It should be the first step of comprehensive evaluation 


methodology development.  


Design/methodology/approach 
Evaluation of damage and losses from disasters can be conducted at the micro-, 


meso-, and macroeconomic levels. At the microeconomic level available assets, 


production outputs, and key performance indicators are the main indicators for analysis. 


Special focus is required for a situation when a disaster results in a business stopping its 


operation completely (the key indicator, in this case, is business value). The damage to 


households is the most often determined by the value of property destroyed adjusted by 


insurance payments. Macroeconomic indicators (GDP; the dynamics of consumption, 


1 http://www.unisdr.org/2015/docs/climatechange/COP21_WeatherDisastersReport_2015_FINAL.pdf 
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accumulation, inflation, foreign and trade balances; etc.) are used for damage and 


losses assessment at the national level. At the meso- and macroeconomic level the 


material damage evaluation needs to take into account aggregate damage at the level of 


individual economic agents and the multiplication effect; double counting should be 


thereby avoided. Moreover, positive economic effects related to the response to disaster 


should be taken into consideration. 


In order to characterize floods’ consequences, a number of international experts 


and organizations identify the so-called price of a disaster, analysing the direct and 


indirect losses. Other papers operate with the notion of damage, using the categories of 


losses, harm and others as complete synonyms. Flood footprint accounting seeks to 


analyse the direct damage and knock-on effects throughout a supply chain. These 


categories cover the destruction of assets, switching of resource flows from production 


to recovery, the increase of costs, other types of income loss and governments 


expenditures on recovery and reconstruction, while human losses and harm to cultural 


heritage and ecosystems are usually analysed quite superficially.  


The reduction of human capital is measured by a number of killed and affected, 


recovery expenses include medical care and aid. Real economic losses are thereby 


underestimated. Although the indicators of a statistical life value and disability-adjusted 


life years are quite strongly investigated, in practice, they are frequently excluded from 


loss and damage analysis.   


As for historical heritage and cultural objects destruction, replacement or recovery 


value is usually used in these case. However, full losses exceed costs of physical harm 


dramatically, as they comprise the decrease in the level of cultural and educational 


needs satisfaction. The elaborated evaluation framework allows, therefore, to take into 


account synergistic effect of damage to cultural heritage. 


Destruction of ecosystems, as well as cultural heritage, is measured as a value of 


reduction of the benefits expected from their use. These, in turn, are estimated through 


the consumer’s willingness to pay for the preservation or development of these assets. 


Given a wide range of analytical and research papers devoted to ecosystem services, 


the lack of the commonly applied in practice framework for the assessment of harm to 


ecosystems seems to be a serious shortcoming of conventional evaluation 


methodology. 
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Results and policy implications 
The evaluation of damage from disasters implies the full account for all types of 


direct and indirect costs. Three main methodological gaps were revealed: 


1) the inclusion of only quantitative dimension of human capital loss into analysis;


2) the use of replacement or recovery cost in case of evaluation of cultural


heritage destruction; 


3) the lack of comprehensive and commonly applied framework for ecosystems’


damage evaluation. 


Bridging these gaps would allow to develop the framework of damage and loss 


evaluation that meets the requirements of comparability, comprehensiveness, 


transparency and availability. The proposed framework can be used as a basic one for 


assessment procedures and may become a pattern for the following evaluation 


exercises.  
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Exposure and vulnerability are increasing
Number  of reported disasters
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Source: http://www.oecd.org/newsroom/39729574.pdf
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Exposure and vulnerability at the city level


Source: Risks of Exposure and Vulnerability to Natural Disasters at the City Level: A Global Overview, OECD (2015)5







Source: Messner and Meyer  (2005) Flood damage, vulnerability  and risk perception  – challenges for  flood damage research 6
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methodological approach to the evaluation of loss and damage caused by 
floods
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General evaluation scheme
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Identifying key gaps
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 Historical heritage and cultural objects destruction
Replacement or recovery value; TCM, HPM  are usually used in these 
case.
However, full losses exceed costs of physical harm dramatically, as they 
comprise the decrease in the level of cultural and educational needs 
satisfaction. 


 Reduction of human capital 
Measured by a number of killed and affected, recovery expenses include 
medical care and aid
Indicators of a statistical life value and disability-adjusted life years are 
quite strongly investigated, however in practice, they are frequently 
excluded from loss and damage analysis due to complicity of 
implementation and accounting
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Identifying key gaps
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 Destruction of ecosystems 
Measured as a value of reduction of the benefits expected from their 
use. These, in turn, are estimated through the consumer’s willingness to 
pay for the preservation or development of these assets.
These methods are quite expensive and complicated to be commonly 
used in practice
Assessment of harm to ecosystems seems to be evaluated only for 
special needs and is not taken into consideration by decisions makers
 Positive impact on produced capital 
Usually unreported 
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Growth effect of a “typical” (median) severe 
disaster


13







Higher School of Economics , Moscow, 2014


Findings (main methodological gaps revealed) 
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1. INTRODUCTION 


 Soil moisture is a key variable in the integration of mass balance and energy balance at 


the watershed scale. Soil moisture plays a significant role in hydrological simulation, both for 


model initialization and in later time steps to control and to correct model performance. In 


hydrological models, this variable is usually obtained indirectly according to the water 


balance carried from rainfall, evaporation and flow data. 


 The broad objective of this research is to evaluate soil moisture variability at the field 


scale and at the watershed scale using geostatistics jointly with in situ measurements and 


remotely sensed image modeling.  The geostatistical approach represents an improvement 


built upon regression models at the field scale and this technique also reveals the possibility 


of integrating ground-truth and satellite images for further mapping surface soil moisture at 


the watershed scale. Previous works in the literature show a considerable effort to better 


address the comprehension of the variability of soil moisture in different scales.  







 


 


In particular, this work focuses on a completely new approach that takes into 


consideration the joint use of TDR (time domain reflectometry) ground truth soil moisture 


and optical satellite images for mapping surface soil moisture for environmental and mainly 


hydrological applications. The spatial distribution of ground truth and of digital image data in 


a scene provided by remote sensing technology is addressed through a geostatistical analysis 


procedure, namely the Bayesian kriging approach. Medium resolution Landsat8-TM image 


was acquired jointly with a field campaign conducted in June 18, 2014 for a selected and 


extensively sampled pasture field of the Piabanha river watershed at Petrópolis, in the 


mountainous region of the state of Rio de Janeiro, Brazil. 


 


2. METHODOLOGY 


Initially, the analysis investigated the possible relationship between the underlying 


physical phenomenon of soil moisture distribution and how it relates to or translates into the 


image Secondly, the spatial variability in the ground-truth data set and in the image were 


evaluated, with special emphasis on the geostatistical approach through the construction of 


semivariograms and covariograms. The last part examined the feasibility of using a 


geostatistical model, which allows the combination of hard data (ground-truth TDR soil 


moisture data) and soft data (image) for the estimation of the surface soil moisture 


distribution.  


Field data were extracted from surface soil moisture measurements performed at the 


selected pasture field in the Piabanha River watershed  on June, 18, 2014, and digital 


information from an Landsat8-TM orbital image from June 18, 2014, with spatial resolution 


of 30 meters. There were 98 soil moisture collected data points available for 112 grid points 


with respect to the field campaign performed. The overpass of satellite was approximately 


simultaneous when compared to the field campaign conducted along the same day. To use the 


available data, it was assumed that the soil moisture spatial structure remained stable during 


the day period. The information was made compatible in a single reference system. For this 







 


 


purpose, the original data from the Landsat8-TM image were transformed to the same datum 


(WGS 84), which is identical to the soil moisture measurements. 


For accomplishing the proposed objective, firstly, the Landsat image (band 10) was used 


for determining the land surface temperature (LST – 120 m resolution) and also the spectral 


combinations to determine the normalized difference vegetation index (NDVI – 30 m 


resolution) for the whole Piabanha River watershed. Both spatial information was combined 


to produce a soil moisture indicator (IUS - % v/v). A scale of 30 m was used for the spatial 


structure modeling the IUS. 


 Instead of using of a statistical regression analysis of the available data for modeling the 


relationship to estimate soil moisture as a function of the digital information for providing 


exploratory initial estimates of soil moisture and its corresponding uncertainty (standard  


deviation), that could be a viable approach, we decided to use the satellite derived IUS index 


for the initial guess and the field variance for estimating initial uncertainty, since this 


procedure can be a reasonable and operational approach to be further tested at the watershed 


scale.  


Once the information was obtained, a geostatistical reference system was adopted for 


evaluating the spatial correlation structures in the data, through the construction of 


semivariograms and covariograms.  


After this stage, the Bayesian kriging method was used to estimate the spatial soil 


moisture field and its corresponding uncertainty, taking the ground-truth TDR soil moisture 


data as baseline and then comparing this reference to different alternative scenarios, including 


those generated by simply using satellite image (IUS) and different levels of combination of 


hard-data (TDR soil moisture data) and soft data (satellite image).  
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Gavity Recovery And Climate Experiment (GRACE) twin satellites [1] have been 


observing global large-scale mass transports of the Earth at monthly sampling since 2002. 


These mass redistributions are directly related to climate change signals and natural hazards , 


including seal level rise, hydrological processes, ground water evolution, snow and  ice 


ablation and accumulation, floods/droughts, lithosphere processes, etc.[2] Here we report on 


the analysis of the GRACE climate record to quantify the hydrologic and climate-induced 


mass variations for the 15 of the largest Russian river basins over the last 13 years. The 


information from GRACE satellites can help to improve the forecast of flood and draft events,   


agriculture productivity, behavior of the permafrost in large regions of the country [3]. 
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1. Introduction 


Rapid urbanization is a common phenomenon observed in BRICS countries, such as in 


China, the urban population rate in the national is over 50% in less than 20 years after 


its reforming. Land use/cover change(LUCC) is the most direct change induced by 


urbanization that has adverse impact on watershed flood risks, thus causing serious 


flood disaster losses. In the highly urbanized area, the LUCC rate could increase a few 


times in the small creeks in newly developed regions. One of the inverse impact of this 


change to the watershed flooding is the increasing of the impervious surface rate due to 


urbanization, this has been particularly observed in the BRICS countries, such as China. 


The increased impervious surface reduces the rainfall infiltration to the soil, and causes 


more surface flow. The impervious surface, which is usually the paved surface, will 


also speed up the surface flow velocity, thus shortening the concentration time and 


enlarging peak flow. Increased flood risks has been observed in China everywhere in 


the urbanized area, but the quantitative impact of LUCC on this phenomenon has not 


been well studied. Purpose of this study is to quantitatively evaluate the effects of 


LUCC on highly urbanized watersheds in the Pearl River Delta area in southern China, 


and to propose adaptation measures to mitigate this inverse impact. 


2. Methodologies 


2.1. LUCC estimation with satellite imageries 


The Landsat TM satellite remote sensing imageries covering the Pearl River Delta Area 


has been acquired first. 13 Landsat TM imageries from 1987 to 2016 were collected at 


roughly 3-year interval, which is used to estimate the LUCC of the whole Pearl River 


Delta Area by automatic classification. Land use/cover types are categorized into six 


types, including high density built-up land, low density built-up land, cultivated land, 


forest land, bare land and water body. The collected satellite remote sensing imageries 







is then preprocessed, including noise filtering, radiometric correction, geometric 


correction, image registration and enhancement, and data fusion. 


By constructing specific remote sensing feature index, different land use type 


characteristics could be enhanced, and the accuracy of land use type classification could 


be improved. In this study, NDVI and SAVI are used to enhance the vegetation, NDWI 


and MNDWI to enhance water body, NDBI, IBI and NBI to enhance high density and 


low density built-up area. Enhanced Bareness Area Index(EBAI) to enhance bare land. 


The SVM algorithm is employed as the classifier to finely estimate land use/cover types 


using the original satellite remote sensing images and the enhanced features above, the 


final classification results are validated and verified by field survey and high resolution 


remote sensing images. These results is then coupled into the hydrological model for 


hydrological processes simulation. 


2.2 Hydrological model 


In this study, Liuxihe Model, a physically based distributed hydrological model 


proposed for catchment flood forecasting(Chen et. al., 2011) is used to simulate the 


watershed hydrological processes under LUCC. Liuxihe Model has a matured model 


structure and methodologies, and been applied in several Chinese catchments with 


different drainage sizes, including large, medium and small scale catchments, the 


software tool of Liuxihe Model has also been developed with parallel algorithm 


deployed on high performance supercomputer.  


Liuxihe model divides the studied catchment into a number of cells horizontally with 


squared DEM, which is called unit catchment. Unit catchment is regarded as a 


catchment physically, and has its own precipitation and terrain properties. Unit 


catchment is further divided into three layers vertically, including the canopy layer, the 


soil layer and the underground layer. The evaportranspiration takes place in this layer, 


and is assumed to be related to the meteorological conditions of its own cell only. All 


cells are categorized into 3 types, namely hill slope cell, river cell and reservoir cell. 3 


different runoff routings are considered, including hill slope routing, river routing and 


underground flow routine. The kinematical wave approximation is employed to route 


surface runoff as the hill slope cells, while the river routing is done by using the one 







dimensional diffusive wave approximation, for the underground flow routing, the linear 


reservoir method is employed. 


The river property data includes river network structure, cell type, channel 


segmentation and cross-section size, which are usually difficult to be measured. In 


Liuxihe Model, based on DEM, the river network is derived with GIS techniques, and 


the river is segmented into virtual sections with their sizes estimated by using satellite 


remote sensing data. Liuxihe Model proposed an automatic parameter optimization 


method by using Particle Swarm Optimization(PSO) algorithm. 


3. Results 


Three small creeks in the Pearl River Delta Area are selected to evaluate the LUCC 


impact on flood risks. LUCC of these creeks are first extracted and then used to 


determine the hydrological model parameters, the hydrological processes are simulated 


by employing Liuxihe Model with design precipitation processes at different 


frequencies. Flood response changes, including the event runoff volume, the peak flow 


and concentration time were analyzed based on the simulation results. Significant 


changes have been detected, such as the peak flow increases a few times depending on 


the design frequencies. Parameter uncertainty of the hydrological model is explored as 


there is no observed hydrological data to optimize the parameters, the result shows 


some kind of uncertainty control is needed. Finally the adaptation measures were 


proposed to mitigate the negative impact of LUCC on watershed flood. 


 


(1) LUCC of Guangzhou City 


 


(2) Flood simulation results 


Figure 1 results 







Consequences of realization of Hailar (Argun) river flow transfer to 
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Introduction. Modern water economic conditions in upstream of the Amur river are 


characterized by accruing seasonal deficiency of water resources, deterioration of water quality of 


transboundary water objects, occurrence of the mutual territorial claims as a result of influence on 


channel formation processes, reduction of fish population, and as a whole intensifying of man 


induced transformation of the natural ecosystems, aggravating a problem of conservation of a 


biodiversity. 


Water resources of the Hailar (Argun), and the lake Hulun Nur tributaries are used in 


interests of water supply, irrigation, water-power engineering, fish economy, navigation. An 


essential kind of water use is water withdrawal. Intensity of use of resources with a view of water 


supply, irrigation, water withdrawals substantially depends on number of population and its density. 


In the Chinese part of the watershed of the river Argun where it is formed about 70 % of its runoff, 


the population is more than 800 thousand inhabitants; here the agriculture and the industry are well 


developed. Presences here of rich coal-fields and growth of the population demand the solution of a 


problem of deficiency and quality of water. The long-term plan of hydraulic engineering 


construction is directed to solution of the specified water economic problems. The civil-engineering 


project of a water reservoir for irrigation on the river Heihe has been completed by this time, the 


multipurpose water reservoir  on the river Imine is being filled at present, the water transfer canal 


Hailar - Hulun Nur constructed and functions since 2009. Activities on construction of water 


reservoirs for power production, irrigation and for protection from flooding on the river of Hailar 


and its tributaries are intensively conducted. Here construction of three water reservoirs with total 


capacity more than 1 km3 planned. From planned projects, it is worth-while to note, a scheduled 


transfer of the flow (water withdrawal) from the river Khalkn for watering of inner areas of China 


and, in particular, for water supply of the coal thermal power stations.  


Objective of this research is the assessment of consequences of realization of optional 


versions of development of a water economic complex of the river Argun (including basins of the 


river of Hailar and the lake Hulun Nur) on its water regime. 







Methods. The assessment of consequences of realization of a complex of water economic 


actions in the Hailar river basin on the regime of flow of the river Argun at the intersection of 


frontier of the Russian Federation and the Peoples Republic of China is suggested to execute by 


imitation modelling calculations on the basis of the model of water economic system. The model of 


water economic system represents a combination of joints, capacities and canals binding separate 


water bodies. Entrance processes are: 1) inflow to the lake Hulun Nur, 2) discharge of the river 


Hailar at the cross section of water withdrawal, 3) depth of evaporation from the lake Hulun Nur 


surface, 4) rain precipitation on the lake surface. The main hydraulic and morphometric system 


characteristics of the system are: 1) relationship of the surface area of the lake Hulun Nur and of 


water level; 2) relationship of an outflow from the lake and of water level in the lake; 3) 


transmissive capacity and the regime of functioning of the canal for water transfer. The criterion of 


control of the lake (water level in it) is the value of a deflection of the water level from the average 


value. When water level is below the average value the flow transfer "joins". At the water level 


above the average value the canal does not function. Such kind of control is known under the name 


of a "relay" method. 


For realization of imitating calculations, artificial series of inflow into the lake and of the 


discharges of the river Hailar, and also depth (stratum) of evaporation from the water surface of the 


lake in volume for 100 000-year period are preliminarily modelled. For modelling the algorithm of 


generation of Markov’s sequences developed earlier with the set of a’priori asymmetrical 


distribution laws and a matrix of twin correlation coefficients between the processes (components), 


based on decomposing of fields by set of natural orthogonal functions is used. Transferring to 


monthly values of hydrological characteristics is carried out by a method of double sample. 


Imitating experiment was carried out as repeated monthly calculation of elements of water economy 


balance of the system being studied, including filling of the lake and discharges from it, and sequent 


statistical processing of results. 


The major element of the water economy system including endorheic lakes, are irreplaceable 


losses of water. Actually scenarios of development of water economy system in this particular case 


are also scenarios of growth of irreplaceable water consumption in a basin. In the paper, various 


scenarios of development of a water economy complex and the climatic changes realized further in 


the course of imitating experiments are considered. 


As a result of such calculations long series of fillings of the lake, and also water discharges 


of the river Argun in the cross section of the intersection of the State frontier for various variants of 


development of water economy system are received. 







Results. The analysis of results of imitating experiments shows that at essential development 


of water consumption on the Chinese part of the basin of the river Argun consequences for the 


hydrological regime can be significant. Consideration of various variants of water consumption has 


shown the following.  


At ideal "nature protection" control of the lake regime (a transfer of the flow from the river 


of Hailar into the lake Hulun Nur according to technical possibilities of the means of water transfer 


for stabilization of level without irreplaceable water consumption and losses in the course of the 


transfer), consequences of the project for the flow regime of the river Argun do not reveal critical 


character. Some depressing of the river flow possibly in first five years while filling up the lake up 


to "design" level will take place. 


As the average water level in the lake is provided with the average flow of the Kherlen and 


Orshun, in managerial process the stable water level regime will be achieved at fluctuation of level 


on altitudes above the average with spills to the Argun which compensate water withdrawal in the 


transfer seasons. Some additional losses are possible only dew to larger area of water evaporating 


surface. 


The variants bound to the growth of water consumption in the basin of the lake Hulun Nur, 


are characterized by a greater influence on the runoff of the Argun. That is natural as the runoff of 


the Hailar will be used for compensation of irrevocable losses bound to development of the industry 


growth. 


The worst variant arises at realization of the Peoples Republic of China programs of water 


economy structures development in the basin of the river of Hailar. The maximum water flow of 


summer months providing a regime of watering of water plains of the Argun River, can contract 


30-40 % in low water years. Such a conclusion is only based on the account of irreplaceable losses. 


Taking into account the character of regulation (seasonal redistribution of the runoff) in the basin of 


the river of Hailar, the decrease of the maximum flow will be even more essential as some water 


reservoir capacities are being constructed for flood control. More complicated situations may 


happen at possible climate changes in the river’s basin. 
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The ECOMAG regional hydrological model was setup to assess possible impact of climate 
change on the hydrological regime of two great Arctic drainage basins: Lena and MacKenzie. 
We firstly assessed the reliability of the hydrological model to reproduce the historical 
streamflow series and analyse the hydrological projections from the climate change scenarios. 
The impacts were assessed in three 30-year periods: early- (2006-2035), mid- (2036-2065) and 
end-century (2070-2099) using an ensemble of five GCMs and four Representative 
Concentration Pathways (RCP) scenarios. Extreme hydrological characteristics (specified as 
runoff volume above the assigned streamflow thresholds) were derived from the simulated 
streamflow series. Then we assessed the extreme characteristics’ uncertainty, which is caused by 
the GCM’s and RCP’s variabilities. We finally estimated signal-to-noise ratio in order to 
separate the deterministic signal from the stochastic noise cased by the scenario uncertainty. We 
found that the uncertainty interval becomes larger and the signal becomes undetectable against 
the background of the noise, when the projection’s time horizon increases and the assigned 
streamflow threshold rises.  


The present work has been carried out within the framework of the Panta Rhei Research 
Initiative of the International Association of Hydrological Sciences (IAHS) 
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The topic serves to explore feasible options for the integrated flood management in the 


transboundary Amur River basin. The methodology is a comparative analysis of policy and 


practice of flood management in Russia and China, as well as best international practices on 


prevention, protection and mitigation. The obtained recommendations are based on the results of 


the conducted study [1]. 


A catastrophic flood took place in the Amur basin in July to September 2013. The flood 


demonstrated deficiencies in flood management policies and practices in Russia. The damages in 


the Chinese portion of the basin were higher than those in Russia due to there being a greater 


exposure of population and assets to flood hazards. The basin flood management was further 


complicated by its transboundary location. The 2013 experience can serve as a starting point for 


developing a joint flood risk management program. An integrated Flood Risk Management Plan 


should be developed [2]. In its course, various sets of flood management measures should be 


evaluated in terms of their cost efficiency, social acceptability, environmental safety, and 


adaptation to climate change. Listed below are summary recommendations for integrated flood 


management in the transboundary Amur River basin. 


 


Flood control reservoirs  


Since the disastrous 2013 flood the Russian President and the Government have issued 


instructions to develop the flow regulation system in the Amur basin. A list comprising 8 


potential anti-flood hydropower plants had been drafted by early 2014 [3]. 


Building any new major water storage reservoir significantly damages the environment 


by changing hydrological regime and sediment runoff, fragmentation of the basin, flooding of 


lands and transformation of the natural ecosystem dynamics in the areas located upstream and 


downstream of dams [4]. Building flood-protection dams cannot entirely solve the problem of 


catastrophic floods. When designing flood control reservoirs, their feasibility should be assessed 


compared to alternatives, starting with the protection of flood retention capacities of the natural 


floodplains. Single-function flood-control reservoirs could be used on small and some middle-
1 


 



http://old.febras.ru/analitical/tig_.html

mailto:ONikitina@wwf.ru

http://ec.europa.eu/environment/water/flood_risk/pdf/flooding_bestpractice.pdf

http://ec.europa.eu/environment/water/flood_risk/pdf/flooding_bestpractice.pdf





sized rivers of the Amur River basin where they can significantly reduce flood risks for 


settlements. Other alternative solutions include various adaptation measures (introducing land-


use regulations in flood-prone river valley areas; gradual removal of infrastructure unprotected 


by hydraulic facilities and adapting the remaining structures to periodic flood impacts) and 


promoting insurance coverage against natural disasters. 


 


Preserving ecosystem services of natural floodplains and dikes construction 


A river’s floodplain plays a major role in freshwater ecosystems. It serves as a factory 


supporting reproduction of meadows, floodplain forests, fish, amphibians and reptiles, water and 


marsh fowl as well as aquatic and coastal mammals. Periodic flooding of the floodplain is an 


important driver of its biological productivity [5]. More than one hundred fish species inhabit the 


Amur River and its floodplains’ water bodies, 18 of which are endemic. The river’s floodplains 


are home to 320 terrestrial vertebrate species, 340 aquatic and coastal species; the floodplains’ 


forests consist of 300 species of vascular plants [6]. 


The total area of natural floodplains along large watercourses of the Amur basin was 


estimated at 80,340 square kilometers. Total retention capacity on nine floodplain stretches of 


the Zeya and Amur rivers during the 2013 flood calculated on maximum water levels was about 


130 cubic kilometers [7]. Therefore the water volume accumulated by natural floodplains was 


greater than the live volume of both existing and planned hydropower reservoirs of the Amur 


River basin. 


Optimal flooding levels in the floodplains should be defined under the new conditions in 


order to specify environmental flow requirements for existing and planned hydrological 


engineering facilities. Environmental flow releases should be incorporated into Operation rules 


of the Zeya and Bureya reservoirs. 


Flood protection dikes have more localized thus more radical impact on floodplain 


ecosystems. Diking of river banks prevents flooding of floodplains and may lead to degradation 


of soils, reduction of fish spawning areas. Construction of dikes narrows the flow and increases 


its depth and speed, thus destroying the spawning grounds and other habitats. 


Despite their known limitations, dikes have been — and will remain in the foreseeable 


future — the main structural protection measure for settlements in the Amur basin. The 


Comprehensive Scheme for Water Resource Management and Protection in the Amur River 


basin (SKIOVO) duly limits areas recommended to protect the settlements’ territory mainly by 


dikes [8]. The construction of dikes along the Amur River by China and cutting off the 


floodplains creates a potential risk of increased water levels, as the floodplains no longer 


accumulate flood waters [9]. Russia and China should agree on standards for transboundary 
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riverbank protection by dikes which should be designed with the anticipation of a possible 


reduction of floodplain width on the opposite side. 


 


International cooperation for biodiversity conservation 


The biodiversity conservation is often achieved by the establishment of protected areas, 


which by their legal regime are also well suited to protect natural flood retention areas from 


undue development. This shows huge potential for synergy between biodiversity conservation 


and flood risk reduction in the course of river basin management planning and implementation. 


In 2011, China and Russia adopted the “Sino-Russian Strategy for Development of 


Transboundary Network of Protected Areas in the Amur River Basin for the Period till 2020”. 


Based on its results, recommendations on establishing protected areas in floodplains which are 


particularly important in terms of accumulating flood waters and preserving valuable natural 


ecosystems should be prepared. 


China and Russia should learn from each other’s policies and flood management 


practices. In particular use the China National Zoning for Ecological Function Management [10] 


to delineate a complementary eco-functional zone for flood retention and biodiversity 


conservation in the transboundary Middle Amur River. A similar zone already exists along the 


Nen and Songhua rivers. 


An integrated program aimed primarily at a more efficient adaptation of economic 


activities and settlement planning to the Amur’s cyclic hydrological fluctuations and maintaining 


productivity and diversity of the common river ecosystem would certainly benefit both nations 


greatly. So this should be the basis for any approach to planning the Amur River basin flood risk 


management. 
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Adaptation to floods  
in the Amur River basin:  
considering the environment 
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Flood of 2013 


• The Amur basin flood of 2013 showed 
deficiencies in flood management policies and 
practices in Russia  


• Damage on the Chinese side was higher than that 
in Russia due to a greater exposure of population 
and assets to flood hazards  


• The basin flood management was complicated by 
its transboundary location  


• The 2013 case can serve as a starting point for 
developing a joint flood risk management 
program  







Overview 


Flood control reservoirs  


Ecosystem services of natural floodplains 


Dykes construction 


Cooperation on biodiversity  







Flood control reservoirs 


Potential anti-flood hydropower 
plants in 2013 
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Case: the Amur River basin 


1. Downstream changes 


2. Upstream changes 


3. Isolation 


4. Fragmentation  


5. Change in sediment 


runoff regime 
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Case: the Magdalena River basin 







Flood control reservoirs 


• Reservoirs’ feasibility should be assessed compared to 
alternatives: 


– protecting flood retention capacities of the natural floodplains 


– constructing monofunctional flood-control reservoirs on small 
and middle-sized rivers  


 


• Other adaptation measures: 


– introducing land-use regulations in flood-prone river valley 
areas  


– adapting the remaining structures to periodic flood impacts 


– promoting insurance coverage against natural disasters 


 







Ecosystem services  
of natural floodplains 


River floodplain plays a major role in 
freshwater ecosystems  


Floodplain supports reproduction of 
meadows, forests, fish, amphibians and 


reptiles, water and marsh fowl and coastal 
mammals  


Periodic flooding is an important driver of 
floodplains’ biological productivity  







The Amur floodplain 


130 fish 
species,  


18 are 
endemic  


320 
terrestrial 
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300 species 
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Remote sensing data  
for floodplains monitoring 


• Estimate size and borders of floodplain areas 
along the main Amur stem and its major 
tributaries 


• Estimate accumulation capacities of valley 
complexes in the Amur basin 


• Estimate size of submerged areas during the 
2013 flood 


• Conduct functional zoning for land use 
regulation 







 







 







Preserving ecosystem services  
of natural floodplains 


• Total floodplain area along large watercourses 
80,340 km2  


• Total retention capacity on 9 floodplain stretches 
of the Zeya and Amur rivers during the 2013 
flood calculated on maximum water levels was 
~130 km3 


• Optimal flooding levels in the floodplains should 
be determined to specify environmental flow 
requirements 


• Environmental flow releases should be 
incorporated into Operation rules for reservoirs 







Case: the Lower Danube 


• Floodplains transformed for agriculture, forestry and 
aquaculture and crossed by dams  


• 2005 flood in Hungary, Romania, Bulgaria and 
Moldova caused deaths, people relocation, 690 km2 
flooded  


• In 2000 WWF initiated restoration of 2236 km2 of 
floodplains and establishment of the Lower Danube 
corridor 


• By 2008 469 km2 of floodplains were restored 


• Restored polder of 21 km2 holds 35 mln m3 of flood 
water  


 


 







Dykes construction 


• Dykes are the main structural protection measure for 
settlements  


• The construction of dykes in China and cutting off the 
floodplains creates a potential risk of increased water levels 


• Dyking prevents flooding of floodplains and may lead to soil 
degradation 


• Construction of dykes narrows the flow and increases its depth 
and speed, thus destroying the spawning grounds and other 
habitats  


• Russia and China should agree on standards for transboundary 
riverbank protection 











Cooperation on biodiversity 


• Protected areas are well suited to preserve flood 
retention areas from development due to their 
legal regime  


• Cooperation between biodiversity conservation 
and flood risk reduction  


• “Sino-Russian Strategy for Development of 
Transboundary Network of Protected Areas in the 
Amur River Basin for the Period till 2020” (2011) 


• Recommendations on establishing protected 
areas in floodplains should be prepared  


 











• Program for adaptation and biodiversity 
maintenance should be the basis for planning 
the Amur basin flood risk management 


• China National Zoning for Ecological Function 
Management to designate a zone for flood 
retention and biodiversity conservation  


• Eco-functional zone already exists along the 
Nen and Songhua rivers 


 


Cooperation on biodiversity 







Conclusions 


1. The 2013 case can serve as a starting point for developing a joint flood risk 
management program.  


2. When designing flood control reservoirs, their feasibility should be assessed 
compared to alternatives. 


3. A river’s floodplain plays a major role in freshwater ecosystems. Optimal flooding 
levels in the floodplains should be defined. 


4. Flood protection may lead to soil degradation and fish spawning areas reduction. 
Russia and China should agree on standards for transboundary riverbank protection. 


5. Protected areas are well suited to preserve flood retention areas from 
development due to their legal regime. Their establishment shows potential for 
cooperation between biodiversity conservation and flood risk reduction.  
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Hydrodynamic modeling as a tool for flood hazard assessment in river mouths:  


case study of the White Sea 


Alabyan A.M., Lebedeva S.V., Panchenko E.D. 


Moscow State University  


River mouths of the White Sea basin are famous due to a great variety of hydrological 


factors and parameters having both marine and river genesis in spite of rather compact spatial 


dimensions of the sea. The estuary of Mezen' is characterized by tide range more than 9 m that is 


the greatest value for the rivers of the European Russia. The multi-channel delta of the Northern 


Dvina is remarkable by complicated unsteady currents in coastal zone and anastomosing channel 


network throughout the tidal cycles. Moreover, it is subject to the destructive wind-induced surge 


floods complicated by minor tides and variations of the river runoff. The diversity of morphological 


types of mouth areas and unstable flow mode of inflowing rivers allow to consider the White Sea 


basin as the unique 'natural laboratory' for scientific research based on the combination of the 


modern methods of computer modeling, field survey and remote sensing. 


Within mouth areas floods could be induced not only by excessive river runoff but also wind 


surges from the sea being aggravated with tidal waves propagation upstream. The choice of type, 


dimension (1D, 2D or 3D) and parameters of hydrodynamic model for research of floods in river 


deltas and estuaries has to be defined by a spectrum of the most important indicators, such as the 


river size, hydrological regime and channel pattern in lower reaches, ranges of tides and storm 


surges, a ratio between river runoff and tidal reverse flow from the sea. 


The case studies the Northern Dvina being the greatest and well investigated river drawing 


into the White Sea and almost not-explored the Syomzha river - a minor river flowing into the 


Mezen' estuary, being famous by the highest tide, represent the 'marginal' options for hydrodynamic 


modeling procedure.  


The Northern Dvina river flows into the Dvina Gulf at the southeast part of the White Sea 


forming a delta of the shape close to an equilateral triangle with the area of about 900 km2. The 


lower reaches of the Northern Dvina are very important from industrial, historic and cultural points 


of view. There is the city of Arkhangelsk located in the top of the delta being the oldest and the 


largest water transport hub of the North European Russia, the city of Severodvinsk situated at the 


seashore is famous due to ship-building and ship-repair plants, the Kholmogory town is a fatherland 


of the great scientist Mikhail Lomonosov.  


The mouth area of Northern Dvina consists of seashore, delta and adjacent stretch of the 


river where tidal and surge water level oscillations during low-water stage are visible up to the 


Pinega river inflow about 130 km from the sea. Hydrological regime of the lower Northern Dvina is 


rather well investigated, the systematic hydro-meteorological observations in the region were 


started in the XIX century. The Northern Dvina is characterized by a spring snow-melting high 







water stage with the average maximum 21 500 m3/s, and the greatest value 36 200 m3/s was 


recorded on April 28, 1953. The mean annual water discharge is 3 330 m3/s, about a half of the 


annual runoff passes throughout the period from May to June. The low-water stages occur 


throughout summer and winter, a period from December to March being most water deficient.  


On the sea shore the ranges of spring and neap tides are about 1.3 m and 0.8 m 


correspondingly. The period of tidal fluctuations makes about 12.5 hours. Tides are classified as 


semidiurnal, asymmetric (time of rise is 40-60 minutes more than recession time) and are 


complicated by the specific phenomenon called 'manikha' – a suspension or delay of rise in level 


during inflow which is connected with a configuration of the Dvina Gulf of the White Sea. 


The critical marks of water level are appointed for gauging stations could considerably differ 


according to runoff or wind surge origin of the high water. The most detailed picture of flood wave 


propagation for both cases could be provided by application of a non-stationary two-dimensional 


model of flow movement. Such model for the Northern Dvina mouth was developed by means of 


STREAM_2D software (developed by V.Belikov et al.), being based on the solution of shallow 


water equations on the hybrid triangular-quadrangular mesh. The size of cells is varied from 20-100 


m in channels to 200-500 m over the floodplain.  


Hydrological data of gauging stations and field measurements were used for model 


calibration and validation. It was established that values of Manning roughness coefficient about 


0.014 for channels and about 0.06 for floodplain allow the model shows quite realistic results. Two 


scenarios for floods of various genesis - runoff flood and storm surge were simulated: (1) the 


situation of maximum flood runoff 1% probability; and (2) a situation of an extreme wind surge of 


November 15-16, 2011 which was the highest for the entire period of observations.  


The scheme of flooding depths during the wind surge demonstrates that the most part of the 


delta up to its top is inundated, however the floodplain of river section upstream from Arkhangelsk 


is almost not flooded. Thus areas of the increased current velocity are localized both near the sea 


margin and in upper reach of river channel according to prevalence of influence of a sea and river 


factor respectively. Within the delta and adjacent upstream braid river channel a counter-flow can 


occur that is possible only at a wind surge. The essentially different pattern of flooding corresponds 


to high spring water runoff when river floodplain at upper sections is deeply inundated but the delta 


lowland is much less exposed to flooding as it was under the wind inflow. 


The computer model of flow dynamics in the mouth of Northern Dvina represents the tool 


for obtaining of non-stationary fields of such hydrological characteristics as depths of inundation, 


current direction and velocity, bottom shear stress, local elevation and slope of water surface with 


the spatial resolution corresponding to density of mesh. A hydrological situation over flooded area 


could be characterized by a set of the following parameters: water level, inundation depth, flow 


direction and velocity, as well as the area and the duration of flooding. The model could be used 







both for retrospective analyses of floods, scenario simulations, hydrological forecasts, as well as 


flood risk and hazard assessment. The hazard or potential damage from the flood can be estimated 


through the spatially distributed water flow energy, which can be transformed into special grades 


corresponding to the damage heaviness (from causing minor inconveniences to serious damages and 


final destruction of concrete buildings). 


The river Syomzha is one of the numerous small rivers of the White Sea basin whose mouth 


is often used as a boat shelter during heavy storm events. A lot of villages are situated at such 


estuaries being subjected the risk of flooding and bank collapse. The Syomzha river flows into the 


major estuary of the Mezen' river from the right side 6 km upstream the sea just at the site where the 


tidal wave achieves its maximum range moving along the Mezen' estuary. The Syomzha river 


outflows from the Syomzha, its length is about 63 km, the area of watershed – 490 km², mean 


channel slope - 0.63 m/km. Upstream the estuary the channel is of meandering pattern with 


sinuosity of 2.1, abounding riffles and cataracts. The estuary and lower reaches of the river are 


subjected to the influence of sea up to 20-25 km upstream where the tidal water level oscillations 


become negligible. The zone of reverse flows propagates for a distance of about 15 km, salty waters 


penetrates into the river for about 10 km without vertical stratification of mixing zone. 


Because of the absence of gauging stations along the Syomzha it is possible to concern its 


runoff regime basing only on regional generalizations of climatic, geological and landscape 


conditions of the watershed. The average low-flow summer runoff is about 5 m ³/s, the spring snow-


melting flood maximum - about 200 m ³/s, that is of the same order as the tidal reverse flow 


registered using ADCP at fieldworks of August, 2015. 


The features of tidal wave propagation upstream the Syomzha river channel were 


investigated by means of a non-stationary one-dimensional hydrodynamic model MIKE-11 


(developed by DHI on the base of numerical solution of Saint-Venant equations). The model was 


constructed for the Syomzha lower reaches up to 21.2 km from the sea with the spatial step about 


200 m. Field data of August 4-8, 2015 were used for model calibration and testing. It was 


established that the model produces most realistic results at values of Manning roughness 


coefficient in a range from 0.03 to 0.11. However, it was not managed to achieve the complete 


agreement of such parameters as tide inflow discharge, wave height, its upstream lowering and 


propagation celerity. The most possible reason of this could be in lack of the tool to change 


coefficients of roughness as well as Coriolis and Boussinesq correctives during the tidal cycle in 


used software. 


ACKNOWLEDGMENTS. The research was supported by the Russian Foundation for Basic 


Research (grant No. 16-05-01018); the fieldworks at the Mezen' estuary in August, 2015 were 


supported by the Russian Science Foundation (grant No. 14-17-00155). 







Risk optimization of the NPP flooding 


(Оптимизация рисков затопления атомных электростанций при наводнениях) 
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Many nuclear power plants are positioned on the river banks, lakes, reservoirs and sea coasts in order to 
provide water to external cooling systems and technical consumers. This presents certain requirements to 
the NPP’s construction area altitude-planning solutions. For example, the Russia adopted technical 
regulations on design do not permit flooding of NPP’s construction site under all possible extremal 
hydrometeorological impacts (floods, tsunami, wind surges, wind waves, dam break waves from upstream 
positioned waterworks) with a probability higher than 10-6 1/year, i.e. with a frequency over once per 
million years. Similar  requirements are adopted by the global community on the whole. In this case 
nowadays, changes in the rivers water content and the oceans level are to be taken into consideration 
with the climate change scenarios. 


Extreme hydrometeorogical events with a probability of 10-6  1/year and less usually do not occur in the 
period of instrumental observations (about 100 years), the respective flood levels can be obtained only by 
calculations. In this case scenarios with the overlaying of two or more rare frequency independent events are 
considered, for example, a composition of flood with probability of 10-4 1/year and wind with probability of 
10-2 1/year and vice versa. Calculations of these events are carried out on the basis of regulation documents, a 
field data extrapolation as well as physical and mathematical modelling. Applying the latter to solve problems  
of  the concerned sphere is preferable, since it provide opportunity to take into account the widest number of 
physical impact factors on the NPP construction area in complex, to observe a maximum in size area near NPP 
accounting for detailed topography and bathymetry and also using hydrologic and hydrodynamic models and 
their compilation. 


Experience of performing calculations to appropriate to the needs of the nuclear power industry has 
demonstrated that it is much more effective for the design not to simply determine the maximum flood level of 
the nuclear power plant with a probability of 10-6 1/year, but to define the curve of maximum flood elevations 
due to their probability or frequency. At the same time, it is postulated that this curve is a unique, continuous 
and repetitive. The curve can be started from the level observed values with the known probabilities (10-2 
1/year  or 100 1/year) and end in the region of very small probabilities of the order of 10-10 1/year. The 
definition of such a curve for high risk object has several important advantages over the currently accepted 
approach: 
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• Higher accuracy of the results related to the fact that in the field of the analysis of the points on which 
the curve is based, there may be identified clearly "drop-down" point, sharp inflection and other 
defects related to inaccurate calculations and require correction (smoothing).; 


• The invariance of the norms of design - changing current regulations or the application of another state 
regulations is merely boils down to the definition of different maximum level on the correlation curve, 
matching highest probability of flooding (implementation of the new calculations is not required); 


• Ability to assess the effectiveness of the regulatory reserve (in Russia, its value is assumed to be 0.5 
m, which can reduce the probability of flooding by about an order of magnitude compared with the 
calculated value); 


• Ability to assign an elevation for the designer of the industrial site of NPP is not a voluntarily, but on 
the basis of solving the problem of minimizing the risks of a possible accident. 


 


Let us consider in more detail the latter point. For simplicity, calculations will assume a few conventional 
quantities, but with the correct order of magnitude: the service life of nuclear power plants of 100 years; 
original elevation of the industrial site highest mark is selected from the condition of minimum allowable 
probability of flooding of 10-6 1/year; the cost of the industrial site highest mark  at each subsequent meter of $ 
1 million .; the damage caused by flooding in the area of 1 m of $ 10 million ,; the damage from the flood area 
for each subsequent meter increasing 10-fold ,; the likelihood of flooding during the ascent on every next 
meter is being reduced by 10 times. 


Consider the 2 options. 


1. The site is designed to a flood level with a probability of 10-6 1/year. Then in a hundred years the 
probability of flooding is P1 = 10-7 1/ year * 100 years = 10-6, in case of flooding on the 1 m S1 = $ 
10 million, the risk R1m = P1 * S1 = $ 102; in case of flooding by  2 m P2=10-6, S2=$102 million, 
risk R2m=Р2*S2= $102  and so on. Thus under this conditions assuming the risk of  site flooding is 
being constant regardless of the level of flooding. 


2. The site is designed to 1 m above, ie, to flood level with a probability of 10-7 1 / year. Then in hundred 
years the probability of flooding is Р1=10-8 1/year*100 year = 10-6, S1=$10 million,  risk  R1m=Р1*S1= 
$10 i.e ten times less than in varian 1. However, the additional cost of lifting thesite up to 1 m amount 
Z = $ 106 with probability one, i.e. the site lift is unprofitable, and the site is to remain at the lowest 
possible level according to the regulations (unless any other non-hydrologic factors are taken into 
account). 


However, if one makes similar calculations with a few changes in the source data, specifically initial level of 
the site top with a probability of flooding 10-2 1 / year (repetition once in 100 years) is assumed, and the 
probability of flooding during the ascent on every next meter decreased 3 times, he will find that the risk of 
flooding is equal to R = $ 3 million., and the additional cost of the site rise by 1 m amount Z = $ 1 million., i.e., 
platform lift is beneficial. 


Of course, the example given above illustrative, but it shows that if there is unequivocal relationship between 
the magnitude and probability of maximum flood elevations established by calculations, as well as the 
presence of quantitative estimates of the possible damage from the flooding of the nuclear power plant site at a 
certain depth, the choice of the level of the industrial site can be optimized on the basis of minimizing the risks. 


 







The report presents the results of numerical simulations and risk analysis for the Balakovo nuclear power plant 
facilities from accidents on the waterworks Zhiguli and Volga river Saratov HPP on, causing a wave breaking 
against the backdrop of extreme flood and hurricane, for subsequent action to prevent negative consequences 
for the Balakovo NPP ( estimates of the impact of extreme weather events have been held at the facilities after 
the accident at Fukushima (Japan) nuclear power plant). Similar calculations for nuclear power plants in the 
Ruppur r.Gang (Republic of Bangladesh) are also provided, on the basis of which the mark of the industrial 
site of NPP was adopted. 







Necessity of considering outburst floods originating in the catchment area for large dams design 
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* strom.alexandr@yandex.ru


Outburst floods typical of mountainous rivers are caused most often by the breach of the 
moraine and glacier lakes. The most dangerous, however, are such floods associated with the breach of 
large rockslide dams. The proposed presentation includes brief overview of the worldwide historical 
case studies of catastrophic outburst floods caused by landslide dams' breach, discussion on methods 
of identification and quantification of similar prehistoric events and the analysis of possible adverse 
effects of the anticipated outburst flood that might affect two of the BRICS countries – China and 
India. The necessity of considering the possibility of large blockages formation and breach in the 
catchment areas for large dams design is pointed out.   


Before 1963, when the Vajont disaster highlighted necessity and importance of reservoirs 
slopes stability assessment (ICOLD, 2000), such studies were carried out at the dam sites mainly. 
However, the disastrous aftermaths could be caused if large-scale slope failure would occur in the 
catchment area far upstream from the dam and the reservoir. They could be exacerbated significantly if 
the affected river crosses international border so that outburst originating in one country can affect 
people and infrastructure in other country downstream and, thus, could have not only environmental, 
economical, and social, but also political consequences.  


Natural blockages created by large-scale bedrock landslides could form short-term or long-term 
dammed lakes hundreds millions and even billions cubic meters in volume that exceeds significantly 
any reasonable excessive storage of the artificial reservoir located downstream. If such blockage in the 
catchment area exist it is obvious that it will be somehow considered that can be exemplified by the 
famous Usoi dam and the Sarez Lake which safety is critical for any hydraulic project in the Pianj – 
Amu-Daria River valley. However adverse effects of the river blocking slope failures could occur if 
the hazardous site in the catchment area would be missed in the course of engineering investigations 
and failure would occur during the dam's lifetime. To avoid it special analysis of the catchment areas 
of large hydraulic schemes based on the remote-sensing data should be performed (Besstrashnov et al., 
2013). 


Breach of large dammed lakes produces floods with peak discharges exceeding many times 
those caused by hydro-meteorological processes. It can be exemplified both by several well-known 
historical events and by prehistoric case studies, which parameters can be derived from the geological 
observations. 


In 1786 breach of seismically induced rockslide dam in the Dadu River in Sichuan, China, 
claimed about 100 000 lives, thus being the most disastrous catastrophe associated with a single slope 
failure. In 1841 earthquake-triggered rockslide blocked the Indus River valley. The catastrophic breach 
of ca. 6.5 km3 and almost 60-km long dammed lake resulted in 25 m rise of the water level at Attock, 
425 km downstream. 17 years later, in 1858, water at this site raised again up to 17 m, this time due to 
the breach of the blockage that occurred 585 km upstream in the Hunza River valley – one of the 
major tributaries of the Indus. In December 29, 1914, breach of the prehistoric rockslide dam in the 
Rio Barrankos valley, in Northern Argentina, and release of about 1.5 km3 of water resulted in outburst 
flood that devastated Rio Colorado valley for about 1000 km long passage up to Atlantic Ocean. 
Powerful outburst flood with 100 m high surge wave just downstream from the 200 m high Bairaman 
landslide dam occurred in 1985 in Papua New Guinea. 


One of the most recent case studies that affected two of the BRICS states was the 2000 breach 
of the rockslide dam in the Yigong River valley – the left tributary of the Tsangpo-Siang-Brahmaputra 
River in South-Eastern Tibet, China. Release of about 2 km3 of water stored behind the 55 m high dam 
(level of the artificially excavated spillway) resulted in ~120 000 m3/s peak discharge that was 
recorded 17 km downstream from the dam and in 44,200 m3/s at Pasighat in India, more than 400 km 
downstream causing some damage and even casualties. Similar disaster occurred at the same site 100 
years before, in 1900. More detailed world-wide overview of such phenomena is presented in (Evans 
et al., 2011). 



mailto:strom.alexandr@yandex.ru





Similar catastrophic phenomena occurred in most of mountainous regions in the past as well. In 
some cases parameters of the prehistoric outburst floods can be estimated quantitatively based on 
comprehensive geological observation on the deposits left by such phenomena. It can be exemplified 
by the breach of the 70-80 m high prehistoric rockslide dam in the Kokomeren River valley in 
Kyrgyzstan that had stored about 250 Mm3 of water. Careful analysis of the deposits two kilometers 
downstream from the breached dam allowed estimating peak discharge of the order of 30 000 m3/s 
which is almost 50 times more than peak discharge of this river ever recorded (Strom & Zhirkevich, 
2013). 


One of the most interesting and instructive example of the extraordinary prehistoric outburst 
flood was found in the Sarydjaz-Aksu River valley in the western part of the Xingiang (China), just 
south of the Kyrgyz-China border. Giant rockslide about 900 Mm3 in volume formed more than 300 m 
high dam that had blocked the river and formed the dammed lake more than 30 km long that had 
stored up to 2.2 – 2.5 km3 of water. Since failure occurred on slope composed of the Carboniferous 
metasediments dark grey in color, while both its depositional zone and area downstream are composed 
of pink and reddish Paleozoic and Cenozoic sedimentary rocks, the traces of the outburst flood that 
had "painted" river terraces by black debris eroded from the dam's body are well pronounced. Just 
downstream from the dam the surge wave raised up to 120 m above the riverbed, while the valley 
width at this level was about 700 m. 2 km downstream the outburst flood wave affected river banks up 
to 80 m high at a wider – up to 1000 m front. Considering nearly triangular cross-section of the river 
valley and ~10 m/s velocity of the outburst flow, the peak discharge could reach 400 000 – 500 000 
m/s – about 4 times more than that of the 2000 Yigong outburst flood. This rockslide dam was 
breached almost completely and do not form any distinct knick point now, unlike many other breached 
dams. Such a significant erosion of the blockage was predetermined, most likely, by intensive 
comminution of the material that formed the rockslide dam internal part, which is typical of the large-
scale bedrock slope failures (Strom, 1994, 2006; Abdrakhmatov, Strom, 2006) and increase its 
erodibility after removing of the coarser blocky carapace. 


High-resolution space images available in the Internet allows reconstruction of further 
transformation of this outstanding flood wave. Six kilometers downstream from the breached rockslide 
dam the river enters a narrow gorge where outburst traces could not be recognized distinctly. However, 
they appear again 10 km further downstream at the outlet of this gorge on the ~50-55 m high right 
bank terrace, which surface is curved by the amygdaliform branching ravines.  


About 25 km downstream from the dam the surge wave likely spread over the gigantic alluvial 
fan up to ~20 km wide formed by the Sarydjaz-Aksu River at the feet of the Tien Shan Mountains. We 
expect that almost the entire fan was affected. The preexisting microrelied at an area of about 630 km2 
was transformed by the multiple dendritic amygdaliform ravines that differ from the older landforms 
significantly. It can be even speculated that it was just this catastrophic event that blocked the original 
course of the Kokshaal River and forced it to find a new way southward towards its confluence with 
the Sarydjaz-Aksu River.  


The necessity to consider hazards caused by similar outburst floods for dams design in 
mountainous regions can be exemplified by the above-mentioned Tsangpo-Siang-Brahmaputra River 
that starts in China, crosses eastern part of India and reaches the Bengol Bay of the Indian Ocean in 
Bangladesh. The high dam project is proposed at its Indian section close to the Himalyan front, where 
peak discharge of the 2000 Yigong flood was about 44 000 m2/s. However, the outburst floods 
repeatedly originating in the Yigong River dammed by rock avalanches from the Zhamu Creek, seem 
to be not the only one potential "remote" hazard for this project. The preliminary reconnaissance of the 
space images available revealed a potentially even more hazardous site, also in the Yigong River 
valley, but about 100 km upstream from the 2000 blockage. Here distinct evidence of the ongoing 
instability was found at 1500 m high slope rising above the river, which bed here is at 3100 m a.s.l. If 
it will fail catastrophically, the deep narrow valley would be blocked by a dam up to several hundred 
meters high and the dammed lake could store up to 8 km3 of water approximately (depending of the 
size and style of failure that requires further study and modeling). Considering that the only access 
road to this site is from upstream, and that use of helicopters to carry heavy excavation equipment (as 
it was done in 2008 at the Tangjiashan landslide dam) at such altitude is practically impossible, 
implementation of any remedial measures after the anticipated failure would be very difficult. The 
preliminary estimates of possible peak discharge that could be released along the path up to the 







proposed Siang dam site in India, almost 500 km downstream, will be presented as well as some 
possible measures aimed to prevent the most adverse effects of the assumed river damming at this site.  


From our point of view recommendations on the necessity to inspect catchment areas upstream 
from the high dam sites to identify such potentially hazardous sites must be included in the national 
and international guidelines regulating design of the hydraulic structures. 
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Abstracts 
"Operational management of water resources of the Volga-Kama cascade during the 


spring flood on the basis of multi-criteria optimization methods and theories of 


compromise." 


Buber A.L., Bolgov M.V. 


VNIIGiM, IVP RAN 


Within the framework of the project "Scientific substantiation of actions to ensure 


sustainable use of water resources and the sustainable operation of the water complex in the 


Lower Volga, the preservation of the unique system of the Volga-Akhtuba floodplain" 


developed computer technology (BT), the functioning of the Volga-Kama cascade (WCC) 


HPP implements the optimization approach for solving situational management tasks 


waterworks during the spring flood. 


The technique allows you to search for compromise solutions in the interests of 


various water users (hydropower, transport, environment, agriculture and fisheries, and 


others). The proposed methodology is based on the use of methods of multi-criteria 


optimization and compromise theory. 


Computer technology is implemented for 9 large reservoirs WCC: Rybinsk, Gorky 


(Nizhny Novgorod), Cheboksary, Kuibyshev, Saratov and Volgograd on the river. Volga 


and Kama, Votkinsk and Nizhnekamsk on p. Kame. The total useful volume of 9 reservoirs 


of the Volga-Kama cascade is 78.0 cu km. 


The proposed approach to the situational management tasks based on the account of 


conflicting demands of water users WCC HPP, including the Lower Volga (energy, 


transport, environment, fisheries, agriculture, and others.). Optimized variables are the daily 


rent of the volumes of water discharged into the downstream (NB) of each reservoir 


cascade. At the heart of BT is the solution of the water balance equation for each reservoir: 


the amount of water each in the reservoir at the end of the settlement period (days) is equal 


to the volume of water in the reservoir at the beginning of the interval plus the volume of 


discharges from upstream waterworks (SU) plus useful lateral inflow minus discharges in 


NB this PG. 


Limitations in the optimization model are: compliance with the characteristic water 


levels in a timely upstream reservoirs (Forced backwater level - FPU; normal water level - 







NEC, Level dead volume - EMA); compliance with "the best" in the interests of water users 


and limits discharges to the National Bank of waterworks under the terms undrowned 


territory. 


The criteria for optimization are normalized target function damage thresholds, 


certain requirements of water users and with weights corresponding to the hierarchy of the 


priorities of the water users. 


The methods chosen to optimize the set of non-dominated solutions of which the 


method of achievable goals and corresponding apparatus visualization of solutions, selected 


"best" in the sense of Pareto solution. 







Buber A.L., Bolgov M.V. 


VNIIGiM, IVP RAN 







The aim of is the development of a 


new computer technology  for 


operational  water resource 


management of the Volga-Kama 


cascade during the spring flood 







1. Computer technology in MO Excel with Solver, 
results in “optimal” water resource management 
taking the interests of various water users 
(hydropower, transport, environment, agriculture 
and fisheries, and others) into account .  


2. The methodology applies the methods of multi-
criteria optimization and tradeoffs theory 


3. Decision making is based on negotiation between 
stakeholders 











THE COMPUTING 


TECHNOLOGY IS REALIZED 


FOR 9 LARGE RESERVOIRS  


VCC:  


1.Rybinskoye,  


2.Gorkovskoye,  


3. Cheboksarskoye,  


4. Kamskoye,  


5.Votkinskoye 


6. NizhneKamskoy 


7. Kuybyshevskoye,  


8. Saratovskoye  


9.Volgogradskoye  


  







The variables to be optimized are the daily water release into the 


downstream of each reservoir of the cascade. The technology is 


based on solution of the of water balance equations for each 


reservoir:  


“Volume in each reservoirs for the end period (days)” 


is equal to  


“Volume in each reservoirs for the beginning period” 


plus  


“Release from the upstream reservoir” 


plus  


“Useful  tributrary” 


minus  


“Release into downstream of the reservoir under  consideration” 











 Z1 – release on 1st of April (m3/s). 


 Z2 – maximum speed of drawdown-filling reservoir (m3/s in day)  


 Z3 – beginning of the spring flood release, tн.пол (day); 


 Z4 – release at the beginning of the spring flood (m3/s); 


 Z5 – value of the agricultural release (m3/s); 


 Z6 – duration of the agricultural release (days); 


 Z7 – value of the fishing release (m3/s); 


 Z8 – duration of the agricultural release (days); 


 Z9 – value of the transport release (м3/с); 







CONFIGURATION  OF  THE RELEASE HIDROGRAPHE 


IN DOWNSTREAM OF VOLGOGRADSKOE RESERVOIR  



















ANOTHER TARGET FUNCTION 


(SQUARE OF DEVIATIONS FROM THE HYDROPOWER 


REQUIREMENTS – AT THE END OF THE SPRIG FLOOD, THE 


LEVEL OF ANY RESERVOIR MUST BE EQUAL TO THE 


NORMAL WATER LEVEL NAMED NPU) 







To minimize  functional C: 


are weight coefficients, which 


are formed depending on 


hierarchy of the importance of 


requirements of water users 


OPTIMIZATION TASKS, WHICH ARE SOLVED IN THE 


PROCESS OF CONSTRUCTING A SET OF NON-DOMINATED 


DECISIONS, HAVE THE FOLLOWING APPEARANCE:  


under the restrictions provided in 


previous slides, where 















CALCULATED OPERATING MODE OF THE 


RYBINSKOE RESERVOIR 







CALCULATED OPERATING MODE OF THE 


GORKOVSKOYE RESERVOIR 







CALCULATED OPERATING MODE OF THE 


CHEBOKSARSKOE RESERVOIR 







CALCULATED OPERATING MODE OF THE 


KAMSKOE RESERVOIR 







CALCULATED OPERATING MODE OF THE 


VOTKINSKOE RESERVOIR 







CALCULATED OPERATING MODE OF THE 


KUYBYSHEVSKOE AND NIZHNEKAMSKOE RESERVOIRS 







CALCULATED OPERATING MODE OF THE 


SARATOVSKOE RESERVOIR 







CALCULATED OPERATING MODE OF THE 


VOLGOGRADSKOE RESERVOIR 
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Abstract 
 
This paper address issue on demands and challenges for adaptive management 
under changing environment, related to water spatial allocation through large water 
transfer project from South to North in China. Three key points are presented, i.e., (1) 
Water problem related to social and economic sustainable development in China, 
that includes space and time distribution of water resources; seriously contradiction 
of water supply and water demands and so on; and (2) Demand and benefits on 
water spatial allocation based on China water resources programme for a middle and 
long term, and reason why China implement large water transfer project besides 
emphasize water saving policy to reduce water scarcity problem in North China; (3) 
Opportunity and challenges for adaptive management under changing environment, 
related to water spatial allocation through large water transfer project from South to 
North in China. These involves present argument of water transfer project from 
South to North and facing new problem for adaptive management under changing 
environment, i.e., climate change and society development, and how to develop an 
adaptive good water governance system to reduce these risk, and maintain 
sustainable utilization of limited water resources in China. Some of countermeasure 
and suggestions are addressed in the paper. 
 
Key Words: Water spatial allocation, large water transfer project, China,  


adaptive management, changing environment, countermeasure 
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Outline 


• Water issue in China 


• China water policy 


• Opportunities & challenges :                  


how to better planning & managing 


water spatial allocation? 







  Arid    Semi-arid …   Semi-humid Humid 


Yellow River 


Yangtze 


River 


 1. China is such a country with a variety of climate & much 
stress from its population & economic development 







Air temperature Precipitation 


Heavy rain 
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Case of China  


in past 50 years 







       Indicators 


North China 


Water Res.  19% 


Population   47% 


Arable land  64% 


GDP            45% 


 South China           


Water Res.  81% 


Population   53% 


Arable land  35% 


GDP             55% Precipitation in South： 


800-2000mm 


Precipitation in North： 


50-800mm 


   Major water problems:                                                   


1）Spatial distribution of water resources is rather unbalanced 
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Water scarcity in China 







e.g., Huang(Yellow), Huai &  Hai three river basins 


Land area =15% 


of total China, 


GDP, Population 


& agricultural 


acreage=34%


of total China 


Water Res.=7% 


of total China 
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2) Water shortage is more and more severe 







3) Climate change will increase water res. vulnerability  


自1949年以来，我国旱灾呈现增加趋势


Vulnerability without water disaster risk 


Trend of China extremely drought since 1949  


Vulnerability with water disaster risk (J.Xia, 2012) 







e.g., Water vulnerability in the future, related to the        
different scenarios   ( RCP2.6,  RCP4.5,  RCP8.5, 
IPCC-AR5, J. Xia, 2012, 2015) 


Most unfavorable 
condition 


Water resources vulnerability based on different 
climate scenarios (RCP2.6, RCP4.5, RCP8.5) 







 4) Along with social & economic development, 


water resources will face to more & more 


stress  in the future 


Year Population 


 


 


(Billion) 


Total Actual 


 Water Use  


 


(Billion M3) 


Available Water 


Res. per capita  


in North   


(M3/p) 


Available 


Water Res. 


per capita 


(M3/p) 


2000 1.3 563.2 359  628 


2030 1.6 710.1 292 508 







For adaptive water management to changing 
environment  in China,  


   Two issues had to be addressed 
           i.e.  Adaptive Capacity 


               Adaptive Way or Approach 


It means to strengthen  


- Infrastructure building,  
   such as building dam for flood control and  
    increasing storage capacity, also carrying  
    out the spatial water allocation crossing  
                 river basins 


- Wisely managing water 
    through good water governance, such as   
    institution innovation , …， 
    to reduce risk etc.    
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THE GENERAL LAYOUT OF THE SOUTH 


TO NORTH WATER TRANSFER PROJECT


    Gola:  Implementing water spatial allocation for          
                      integrated water resources management               
            for whole China  







China Water Policy 


 







Water issue of China is rather complex due to its 


geography(climate & land) & human system behaviors 


河


流


水库


地下水漏斗地下水漏斗


降水
蒸发


径流


蒸发


散发


环境用水环境用水


废水利用废水利用


供水系统供水系统
生活排水生活排水


工业用水工业用水


雨水利用雨水利用
地下水利用地下水利用


地表水


土壤水


地下水
生活用水生活用水


污水排放污水排放


牲畜排水牲畜排水


耗水耗水
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Basin   Crossing Basin: Regions  Country 







Water supply & environmental issue 


become as a key issue  
for China sustainable development,                         


particular for North China 


Thirsty North China 







  For instance, water resources vulnerability 


in changing environment could be defined 


a degree of adverse effects 


New study on Water vulnerability & adaptation (2014, J.Xia) 


V(t) =E(t).R(t).S(t)/C(t) 


 resilience   C(t)   
 Sensibility  S(t)  
 Exposure    E(t)  
 risk            R(t) 


1 2( ) ( ) (1/( ))DWP
C t f r f


Q P
  


With three key indicators:                                                     
 r       – Use to availability ratio   (%)                    
 P/Q   - Water crowding (p / Million m3/ yr)                                          
 WD/P - Per capita available water use  (m3/p yr) 







Water Resources Vulnerability                                  
of eight big river basin in 2000, China  


 
 


Huaihe V(t)=0.20 


Haihe V(t)=0.80 


Yangze V(t)=0.06 


Song-liao V(t)=0.09 


Yellow V(t)=0.17 







China Water Policy (I) 


 Water saving priority based on 
three red lines controls (MWR,2011): 







Integrated Water Resources Management 







 


Lessons & Challenges


• Lack of WDM knowledge, which could result 
in the bigger prediction for water demand on 
Water Resources Plan and management, 


year                     Prediction  water demand            Real water demand


2000                                    709.6 B m3 549.7 B m3 


• Lower efficiency of water use at such a higher 
water stress country (WB report, 2009)


e.g., Water productivity (WP) in China: $3.60/m3


WP in developed countries:            $35.80 /m3







MWR in China is processing a  new water strategy 
based on three red-line controls (MWR, 2011) 


• The red line I :   Control of total water use  


                                 by Total Water Resources Allocation. 


• The red line II : Control of lower water use efficiency  


                                by Water Demand Management. 


• The red line III:   Control of total waste water load                                       


                      by Water Quality Management. 







    Vulnerability change through implementing  


“ Three Red-line Controls “ policy (J.Xia, 2014) 


Control of total water use  


Control of lower water use efficiency   Control of total waste water load   


Comparison  







China Water Policy (II) 
 Spatial water allocation through 


crossing river basin,  based   on 
infrastructure building of IWRM  







Opportunities & Challenges : 


How to better planning & managing   


water spatial allocation  


through large water transfer project? 


 


 







To coping with water stress of North China,  a water 
spatial allocation  through large water transfer project 
are processing in China, that is also called South-to-
North Water Diversion  


Three Routes 


The central route 
from middle 
stream of YR 
(completed) 


The eastern route 
from downstream  
of YR (completed) 


The west 
route from 


upstream of 
YR (in plan ) 







e.g., The Central Route  


Beijing 


Danjiangkou 


Long 1277 KM 
Diversion 13.0 BM3 


     1st Phase 9 .5 BM3 







 The 1st phase of the central 
route project transfers average 


annual 9.5 BM3, equivalent to 


one-sixth of the total volume of 


the Yellow River 


Unit: billion m3  


Changes of the transferred 


water in the further  


Concept of diversion of 9.5 


billion m3 ? 


 The 2nd phase of the central 
route project will transfers 


average annual 13.0 BM3 







    Water supply for the Domestic , Industry and Agriculture, and the 
improving environment due to over exporting ground water in NC. 


Industry Domestic Agriculture 


More than 100  


small cities 


19 middle &                   


big cities 


Average annual diversion of 9.5 billion m3 


Unit: billion m3  


Hebei Henan 
Tianjing 


Beijing 


Water allocation and Benefits for North China 


34.7 







Engineering Investment 


Unit: billion yuan 
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By the end of January 
2012, the South-to-


North Water Diversion 
Project had been 


issued a total project 
investment of  


163.7 Billion Yuan 







 Benefits for the Central Route   


Social Benefits 


Economic Benefits 


Ecological Benefits 


land area 


Water-supply area is 1450 
000 km2, accounting for 
15% of land area 


Solve the problem that           
7 million people drank high 
fluoride water and bitter salt 
water for a long time 


The eastern route increases 14.33 
billion m3 of water supply for Jiangsu , 
Anhui, Shandong, Hebei and Tianjin 


Increase 500 to 600 
thousand jobs per year 


Stimulate China's 
economy 0.2 to 0.3 
percentage point 


The industrial and agricultural output 
value will increases 50 billion  every year  
in North China 


 
Mitigating the 
groundwater 
exploration in 
North China 


 


 
Increasing the 


area of ecological 
and agricultural 


water supply 


 


 
Improving 
ecological 


environment  
in North China 


 


 
Strengthening 


the ability of the 
state to resist 


environmental 
risks 


 







Of cause, water spatial allocation  
through large water transfer project, will also 


face to some problems and challenges 


1) Reservoir resettlement 


2) Climate change impact 


        … 


 







The Danjiangkou dam heightening project in central route of South–


North Water Diversion Project needed to relocate 345 000 people.           


The work of  relocation was completed mostly in 2010 and 2011. 
  


The relocation of immigrants was rapid and stable  
 


1)  High Intensity Immigration 


155 000  people were relocated, 


and  430 people per day on 
average 


190 000  people were relocated, 


and  520 people per day on 
average 







2)  Climate change  impact 


It is quite possible to 


increase probability of 


the most dis-bennifit 


for both low water in 


North & South for the 


South to North Water 


Diversion Project could 


be 2.6-8.2% 


e.g.,  







   It could be increased vulnerability risk in  
    downstream areas of water diversion 
                      (Case of  Central Route)  


不调水 调水 90 亿 调水 130 亿 


   


   


 


No consideration for CC 


Consideration for CC  (RCP 4.5) 


No diversion Diversion 9 BCM Diversion 13 BCM 







Three Routes 


The central route 
from middle 
stream of YR 
(completed) 


The eastern route 
from downstream  
of YR (completed) 


The west 
route from 


upstream of 
YR (in plan ) 


As the results and the consideration on environmental 
issue, a water compensate project by water diversion 
from Yangtze to Han River, was implemented, that 
pay a role on keep water sustainability for middle & 
downstream of Han River.  







Conclusions 


China will face to more & more challenges 


on water security issue due to climate, 


land, population changing 


For China Water Policy Issue, not only 


emphasizing water saving policy as 


priority issue , but also addressing 


infrastructure building of IWRM by spatial 


water allocation through crossing river 


basin  







Conclusions 


For the China spatial water allocation                  


(South to North Water Diversion ),              


both social & economic and environmental 


benefits  in water transferred area is 


significant.  


 


Also, the project will bring some negative 


effects at water diversion region, 


particular on resettlement & downstream 


environment. This is also one of reasons  


to slowdown west route implement.  







Conclusions 


Thus, it is big challenges issue how to 


balance whole China IWRM and local IWRM 


on planning and managing spatial water 


allocation? 


 







BRICS cooperation on water 


issue is rather important!  


Thank you ! 


Prof.  Xia Jun 


E-mail: xiajun666@whu.edu.cn 







Water resources management challenges in South Africa 
Barbara Schreiner 
Executive Director, Pegasys Institute, Pretoria, South Africa; barbara@pegasysinstitute.org 


KEYWORDS: Integrated Water Resources Management; institutional capacity; implementation challenges; 
accountability;  


INTRODUCTION 
The South African National Water Act (Act 36 of 1998) was hailed by the international water community as 
one of the most progressive pieces of water legislation in the world, and a major step forward in the 
translation of the concept of integrated water resources management (IWRM) into legislation. It has been 
widely quoted and referred to, and a number of countries ranging from China to Zambia have used it as an 
example in the revision of their own water legislation. And yet, nearly 20 years down the line, 
implementation of the act has been only partially successful. In a number of critical aspects, implementation 
has, in fact, been weak. 
The presentation will outline the key bio-physical and socio-economic challenges facing South Africa, the key 
policy and legislative responses, and some of the critical challenges that have hampered effective 
implementation of policy and legislation. Through this process it may be that there are lessons for other 
countries and for South Africa itself as it continues to face the challenge of implementation of the National 
Water Act (NWA). 


SCOPE OF ANALYSIS 
The NWA was promulgated 4 years after South Africa voted in its first democratic elections, and aimed at 
fundamentally reforming the previous Water Act of 1956 which was not only racially discriminatory in how 
water was allocated, but was based on the legislation of water-rich Europe which was not appropriate for a 
water-scarce country such as South Africa (South Africa has less than 1100m3 per person per annum, and 
faces frequent droughts which exacerbate issue of access to reliable supplies of water. Such droughts are 
likely to intensify under climate change).  
Central to the NWA of 1998 is the principle that water is a scarce natural resource that belongs to all of the 
people of South Africa and that it must be used beneficially and in the public interest. The act is premised on 
balancing the three legs of social benefit, economic efficiency and environmental sustainability and sets out 
the legal framework for the national government to protect, use, develop, conserve, manage and control 
water resources in the country. It also incorporates the principle of subsidiarity – management of water 
resources at the lowest appropriate level, through catchment management agencies.  


Institutional arrangements  


On the institutional front, the act makes provision for the establishment of catchment management 
agencies, the transformation of existing irrigation boards into water user associations, and the possible 
establishment of an agency to manage the national water resources infrastructure. Neither of the first two 
processes has yet been completed: only two out of a proposed nine CMAs have been established since 1998, 
and the transformation of irrigation boards, which was to take 6 months according to the act, has not yet 
been completed. Nor has a firm decision yet been made on the best institutional arrangements to manage 
national water resources infrastructure.  


Reallocation and equity 


Equity in both access to water and the benefits derived from water (through water allocation reform) is a 
key principle of the legislation, and yet, 14 years down the line, remarkably little has been achieved in this 







regard, and the biggest users of water remain white commercial farmers. South Africa remains one of the 
most unequal societies in the world and this is mirrored in access to water for productive purposes. 


Licensing of water use 


The process of issuing licences to water users has seen serious challenges and delays, hampering much 
needed economic growth in the country. It has been found that prior to a recent project aimed specifically at 
removing the backlog in water use licences, some licence applications had been with the department for up 
to eight years without being finalised. In parallel, the system of registering water use across the country is 
not up to date and reflects incorrect water use figures, resulting in significant billing and revenue collection 
challenges and difficulties in ensuring compliance with registered water use. 


Protection of aquatic ecosystems 


While internationally recognised methodologies for determining the water requirements of aquatic 
ecosystems have been developed by South African scientists, and these have been used to determine the 
requirements in more than half of South Africa’s water resources, ensuring achievement of such 
requirements in practice has been much more difficult. 


DRIVERS OF POOR IMPLEMENTATION 
The presentation will deal with some of the key drivers that have resulted in failure to deliver effectively on 
the legislation, as follows:  


Transformation, skills and power 


After 1994, the drive to transform the public sector resulted in an employment equity approach that saw 
large numbers of black and female appointments into the water department and an outflow of white 
officials with years of technical experience, many of them into consulting. A number of the appointed, 
because of the racial history of South Africa, had limited technical training or experience in the water sector. 
The drive to appoint black staff across government and the private sector from a limited pool of people with 
technical training also saw high levels of staff turnover in the department as officials with two years’ 
experience were offered promotions into other departments or the private sector. The result saw, amongst 
other things, a transfer of skills from the department to the private-sector consulting community, increasing 
the dependence of the department on consultants to support the implementation of the new policy and 
legislation. Actual implementation however remained in the hands of the civil servants, with all the 
challenges arising from lack of experience, lack of technical capability and high staff turnover. An added 
complication in this picture is the challenge of path dependency – the challenge of turning around the focus 
of a department where technical skills remained, at least for a period, primarily in the hands of a group of 
people who did not necessarily share the political vision of government or the departmental leadership.  This 
picture is now, nearly 20 years down the line, beginning to change with competent black technical staff 
having been in the water sector for nearly 20 years. However, a critical shortage of engineers is still crippling 
the system 


Compounding the political divisions is the fact that despite political change, the economy remains largely 
in the hands of a white elite, equipped with significant bargaining power and skills, access to the seats of 
power, and to legal support when necessary. By contrast, the poor black majority, and particularly the rural 
poor have limited, if any, access to these types of power, thus limiting their ability to take up the fight for 
access to water.  


The perfect vs. the practical 


A second critical challenge in the implementation of the NWA was achieving the correct balance between 
technical /scientific excellence and effective management. In many cases the procedures developed for 
implementing elements of the NWA were resource intensive in too complex for easy implementation with 
limited resources. 







Too much too fast 


A third, critical challenge was that the department, as a result of the sweeping changes in the water sector 
and the country as a whole, found itself trying to implement a vast swathe of new functions simultaneously. 
Thus, despite the NWA having been written in a manner that allowed phased implementation, the reality 
was that the department was faced with an overwhelming implementation challenge with limited resources.  


In addition, after 1994, the department took on a water services function that had not previously been 
part of the department’s functions, including running a massive national community water supply and 
sanitation programme. This programme came with a major budget, which required significant technical 
capacity for implementation. While new capacity was brought into the department, technical staff were also 
drawn from the water resources functions of the department, further depleting the capacity to implement 
the water resources legislation.  


Within the water resources functions of the department, staff were faced with implementing ongoing 
functions, developing methodologies for the new functions, and implementing new functions – fixing the 
plane in flight, as it were. This imposed a significant burden on officials, compounded by the departure of 
experienced officials from the department and a relatively high turnover of new staff. This played into a 
negative cycle, with staff leaving the department for better working conditions elsewhere, or receiving rapid 
promotion within the department or into other departments, leaving the remaining staff facing an additional 
workload. Technical positions have proven difficult to fill in many cases, and positions in critical management 
and technical areas have remained vacant for too long, with acting officials in place. 


Decisions, decisions, decisions and accountability 


A final weakness in the implementation of the act has been the failure to stick to and speedily implement 
decisions taken. A case in point relates to the establishment of Catchment Management Agencies (CMAs). 
The first National Water Resources Strategy set out the legal basis for the establishment of 19 catchment 
management agencies across the country. However, to date, only two are actually functioning. The decision 
has now been made to establish nine, rather than nineteen, and to ensure that they are established within a 
limited time frame. 


Two critical factors have slowed the establishment of CMAs. The first was that those responsible for the 
establishment of the CMAs were not held accountable for not achieving their targets due to weak 
performance management and accountability. The culture of the organisation, for example, led to a large 
number of managers receiving annual performance bonuses, despite targets not being reached. 


The second was the ongoing questioning of decisions taken. Despite the NWA giving the mandate for the 
establishment of the CMAs, some years into the process, senior management members in the department 
questioned the wisdom of establishing such bodies, and to all intents and purposes the establishment 
process was put on hold until further work had been done on the matter. It was only in 2012 that the 
Minister took a clear and firm decision to go ahead once again with the establishment of the nine CMAs over 
the next three years (target not achieved however). However, there is still an unresolved debate about what 
functions will be delegated to CMAs and over what time frames. The power to authorise water use is at the 
centre of this debate. 


LESSONS? 
The discussion above begs the question: what can be learned from this experience?  


- getting the basics right. In the process of implementing a sophisticated and nuanced piece of 
legislation, and all the challenges outlined above, many of the basics like maintaining the monitoring 
infrastructure, and ensuring compliance with licence conditions, have been poorly addressed. The 
challenge of implementing IWRM is that it can result in a shotgun focus, trying to do everything at 
once. Where there is limited capacity, which is true in all developing countries, it is, in my opinion, 
better to focus on the key challenges in the particular context, than to strive to do it all at once. 







- Harnessing capacity across government: capacity resides in a number of places in society, not only in 
government and to address the issue of capacity, government should build partnerships with key 
players from the local to the national level, including community-based organisations, water user 
associations, catchment management forums, NGOs, the academic, scientific and research 
communities, and the private sector. 


- Addressing implementation challenges: The South African Department of Water Affairs is currently 
amending the NWA to address some of the implementation challenges. However, without addressing 
the significant implementation challenges raised in this paper, there is unlikely to be substantial 
improvement in delivery of the intended policy outcomes.  


- Improved accountability: Managers must be held accountable against clear targets and through an 
effective performance management system.  


REFERENCES 
Pollard, S. and du Toit, D. 2012. Shared Rivers Initiative. Phase 1: Towards ecosystems sustainability. WRC No. TT 


477/10. South Africa: Report Water Research Commission. 


 







Possible ways of water yield from water reservoirs calculation improvement 


A. Y. Aleksandrovskiy (NRU “MPEI” Russia) 


Flow control calculations of water reservoirs form foundation for establishment of water 


reservoirs parameters and operation indicators. Theory and methods of water flow management 


calculations are well researched in works of many Russian and foreign authors. Practice of long-


term work of many water reservoirs generally confirms correctness of establishment of water 


reservoirs usage parameters by using theoretical and methodological framework for water flow 


calculation. However sometimes there are disagreements between calculation results and actual 


conditions. Presented below are some researched areas of possible improvements of 


methodology of calculation of water yield from water reservoirs.  


1. Accounting for non-horisontality of water surface during periods of volume


passing (dynamic capacities)


Water reservoir surface is sloped downwards in the direction of water flow, which is 


necessary for passing of water volumes from above-placed points on the river to below placed 


points. This slope depends on relative height of headwater, i.e. on relationship between passing-


through capacity of headwater volume and passing through capacity of river in its natural state. 


The higher the ratio, the less the slope. Near dam water reservoir surface tends towards 


horizontal, at the tail of water reservoir surface slope increases and tends towards normal river 


slope. The higher passing through water volume is, the deeper the flow, the bigger the slope and 


the higher water reservoir volume will be. This volume equals true volume in water reservoir is 


usually called dynamic volume. 


Unlike static volume of water reservoir defining volume as function of water level 


V = f ( ZRв.б.R),                                                                          ( 1 ) 


dynamic volume must be expressed is a more complex function 


V= f (Z Rв.б.R, QRвод-щаR),       ( 2 ) 


where: Z Rв.б. R- water level in water reservoir at dam; 


QRвод-щаR  - water reservoir water discharge. 


Static curve is a special case of dynamic curves when Qвод-ща= 0. 


In Table 1 useful volumes of water reservoirs of Volga-Kama hydro power stations 


cascade are shown for comparison for calculation under both static volume and dynamic volume 


assumptions. Dynamic volume of water reservoir is assumed corresponding to discharge during 


spring flood and winter low flow periods of 95% security. 







Table 1. Parameters of  water reservoirs of Volga-Kama hydro power stations cascade 


Hydroelectric 


complex 


R∇RNHWL R∇RDSL Useful volume, cubic km 


Static Dynamic 


Nizhegorodskiy 86.0 84.0 2.8 3.8 


Cheboksarskiy * 68.0 63.0 5.7 8.2 


Nizhnekamskiy * 68.0 62.0 4.6 5.6 


Samarskiy 53.0 45.5 34.6 39.9 


Saratovskiy 29.0 28.0 1.8 5.8 


Volgogradskiy 15.0 13.0 8.2 11.2 


Total: 57.7 74.5 


* - Parameters are assumed from design data


Resulting additional volume of water reservoirs (not less than 16 cubic km) has temporal 


character and can be used mostly during spring floods. Nonetheless accounting for this volume 


allows qualifying substantially both volume and timing of discharge into downstream pool of 


Volgogradskiy hydroelectric complex. Such discharge is necessary for fish industry. 


2. Accounting for relationship between water volume in water reservoir and water


volume in soil water storage in littoral zone. 


This phenomenon is usually called bank storage (9). Under bank storage of surface run-


off one usually means phenomenon of infiltration of water from river into its banks during rising 


stage of spring flood and return of this water into river during spring flood decline. The same 


phenomenon can be observed when water reservoirs are used for water flow control. When water 


level in water reservoir is raised there is water infiltration into littoral zone in the form of ground 


water wedge, when water level in water reservoir is reduced some water flows into reservoir 


from banks. Therefore one can describe bank storage as an additional underground power 


reservoir. In natural conditions of unregulated water flow bank storage also takes place but its 


effect is much smaller due to a number of reasons. 


First of all, amplitude of water level fluctuation is regulated conditions is much higher 


than in natural ones. Second, in natural conditions length of time of water exchange between 


surface and underground flows is much shorter than in regulated conditions. This circumstance 


creates more favorable environment for water exchange in regulated conditions. Third, length of 


river banks in natural conditions is much smaller the water reservoir perimeter. Quantitative 


estimate of bank storage is possible to be made in both direct and indirect way. 


For direct calculation of bank storage effect one must know hydrogeological 


characteristics of banks along all water reservoir perimeter and one must estimate corresponding 


characteristics of soil water saturation and discharge. 







Indirect method of making estimate means accounting for misbalance of water flow 


under water reservoir regulating as a loss or gain due to water exchange with underground water 


reservoir. Such estimate is possible if all other components of water balance are measured with 


high precision.  


To account for bank storage one must qualify water balance. 


Estimates made for effect of bank storage for water reservoirs of Angara-Enisey cascade 


allowed taking into account hydrogeological structure of littoral zone to value additional volume 


of underground water reservoir at 3-6% of useful volume. 


Conclusions 


1. Each of considered assumptions made in flow control calculations leads to a small


qualification of water reservoir water discharge; however they have the same sign and together 


lead to more substantial qualification.  


2. To understand mutual effect of the above factors on water discharge characteristics one must


evaluate their mutual effect using one water reservoir or water reservoir cascade as an example. 
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Static and dinamic volumes of water 
reservoir 


Vreservoir 


Headwater level with Vdin 


Zup stat 


Z’up stat 
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Vreservoir 
Zup stat, Z’up stat 
ZQ1, Z’Q1 
ZQ2, Z’Q2 
 







Static and dinamic volumes of Nizhny 
Novgorod GES water reservoir 
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Parameters of  water reservoirs of Volga-
Kama hydro power stations cascade 


Hydroelectric 


complex 


NHWL DSL Useful volume, cubic km 


Static Dynamic 


Nizhegorodskiy 86.0 84.0 2.8 3.8 


Cheboksarskiy * 68.0 63.0 5.7 8.2 


Nizhnekamskiy * 68.0 62.0 4.6 5.6 


Samarskiy 53.0 45.5 34.6 39.9 


Saratovskiy 29.0 28.0 1.8 5.8 


Volgogradskiy 15.0 13.0 8.2 11.2 


Total: 57.7 74.5 


NHWL – normal headwater level 


DSL – dead storage level  







 NHWL 


DSL 


Bank storage 







Water balance equasion with bank 
storage 


• i – time intervals 1,2,…,k 
• j – hydrologic sections on water reservoir perimeter 1,2,…,n 
• (Fj,i – Fj,i-1) –  area of ground in j section within depression curves at the beginning and 


the end of i time interval 
• Lj – length of bank line each section of which corresponds by its hydrogeological 


conditions to j hydrologic section  
• j – coefficients of saturation and discharge of soil 
• t – time interval 
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Quantitative estimate of dynamic 
volume impact 


Depth of 
water 


reservoir 
utilisation,  


m 


Guaranteed HES 
power at 90% 


probability,  
MW 


Increase to 
guaranteed HES 
power at 90% 


probability,  
MW 


Useful 
volume, 109 


m3 


Increase of 
useful volume 


due to dynamic 
volume , % 


1,5 2800 9 6 6 


3,2 2900 17 11 6 


4,5 3000 26 16 6 







Bychkov I.V., Bolgov M.V., Nikitin V.M. (Irkutsk Scientific Center Siberian 
Branch of Russian Academy of Sciences - RAS, Institute of water problems RAS) 


 
On the regulation of lake Baikal level 


 
The problem of regulating Baikal lake level, taking into account possible effects on the 


environment, economy and social conditions of the surrounding areas, have been discussed for 


several decades and currently continue to be relevant. Attention to them is not occasional, 


because they relate to the unique natural object – lake Baikal and the need to preserve its 


ecosystem, and the interests (often conflicting) the surrounding areas, many water consumers 


and users. In this case, lake Baikal (Irkutsk reservoir), Irkutsk HPP and its downstream represent 


a single natural-technical and socio-economic system. 


Technical project of Irkutsk HPP provides the normal retaining level (NRL) – of 457.00 


m (in the Pacific system of heights), the minimum level allowed for normal operation (level of 


the dead volume, LDV) – 455,54 m, and in the case of pass extreme floods, the maximum 


permitted by the forced retaining level (FRL) – 457,50 m. Thus, the estimated allowable range of 


fluctuation of the level of  Irkutsk reservoir (lake Baikal) on the draft is 1.46 m for normal 


conditions and 1.96 m for extreme water levels. To account for these levels were calculated 


(designed) parameters and modes of operation of the dam, the conditions of functioning of water 


users and water consumers in the upper and lower pools (useful volume of the reservoir, power 


generation, guaranteed power, marks of water intakes, etc.). Regims of regulation Baikal lake 


level at the present time are determined by the Rules of use of water resources of reservoirs 


(RUWR), adopted almost in 1988. 


Since 2001 a key requirement in regulating the level of lake Baikal is the limitation on 


the permissible amplitude value of 1 meter  regulated by RF Government Decree of March 26, 


2001 №234 "On the limits of the water level in lake Baikal in the implementation of economic 


and other activities" (hereinafter – Decree No. 234). This restriction applies regardless of 


hydrological conditions and restrictions for the operation of water users and water consumers in 


the downstream of Irkutsk HPP. 


With the entry into force of Decree No. 234 limiting to 2 times the annual permissible 


amplitude level in comparison with the Technical design of the dam and also in 2 times reduces 


the possible range of fluctuations of the lake level compared with the range previously observed 


in vivo, there is a high risk of going beyond acceptable levels, particularly for extremely low and 


extremely high water content. Since 1996 till 2013 in the basin of lake Baikal was long low 


water period in terms of water level close to multiyear values, and there were no serious 


problems and contradictions. In 2014-2015 in a period of extreme water shortage, the 







implementation of legislative requirements  became impossible and the question of validity of 


meter control range of Baikal lake level (456 and 457 m) was again in the spotlight. 


In 2015, Institute of water problems of RAS jointly with the Irkutsk scientific center SB 


RAS and other organizations made a special research. Its goal is to study the possible range of 


fluctuations of the water level in lake Baikal on the basis of conflicting interests of water users 


and the requirements of ecosystems under conditions of extremely high and extremely low water 


content. 


The main goals of research: 


Collation of data of hydrometeorological monitoring of lake Baikal over the entire period 


of instrumental observations (since 1868); the analysis of conditions of formation water inflow to 


lake Baikal in normal and extreme periods; comparative analysis of  water level regime of  lake 


Baikal in natural conditions and in the conditions of Irkutsk HPP operation; assessment of the 


economic and environmental impact of output level of  lake Baikal out of predetermined range; 


evaluation of socio-economic risks and determining the permissible minimum and maximum 


water flow downstream of Irkutsk HPP with the use of mathematical models implementation of 


water management calculations for the limitations and conditions of water availability; 


development of proposals for regulation of water level regime of lake  Baikal under normal 


conditions, extremely high and extremely low water content. 


Basic research methods: 


For the simulation of  water level regimes of lake Baikal and study the possible 


boundaries of the range of lake level fluctuations special software was developed; based on the 


processing of accumulated statistical indicators of useful inflow into lake Baikal in natural and 


regulated conditions was determined their security with the determination of the range of normal, 


high, low, extremely high and extremely low water content; for each scenario of water 


availability was generated graphics of water level regime regulation of lake Baikal on various 


control charts; for  water management calculations multi-criteria optimization methods were 


used; for identification of possible flooding areas under different water flows through the Irkutsk 


HPP a digital elevation model of downstream was developed. 


The main results of research: 


1.The results of the research of hydrological regime of lake Baikal in natural and 


regulated conditions revealed the presence of extreme and prolonged wet or dry periods, the 


consideration of which is necessary  for choosing  the mode of flow regulation and the level of  


lake Baikal, as well as the assessment of the impact of decisions on the lake ecosystem and 


economic activities in the lower and upper bays of Irkutsk water reservoir. 







2.The requirements set in the Government Decree No. 234, cannot be done without major 


violations as prescribed by the legislation of the meter range, and ecological and socio-economic 


conditions in upper and lower pools of Irkutsk hydro-unit, and this applies not only to extreme 


conditions of water availability, but also high and low water levels. 


3.The state of knowledge of lake Baikal ecosystems of impacts of changes in 


hydrological regime on main biological processes such that as the primary principle of 


environmental control can be the maximum possible approximation of the water level regime 


characteristics in regulated conditions to the same performance, but occurred in vivo. 


4.The results of  water management calculations performed taking into account the 


environmental and socio-economic conditions and restrictions, allowed to recommend the 


acceptable range of changes of  water level in lake Baikal 455,54 – 457,85 m (for security to 


99.99-0.01 %) for the subsequent relevant amendments to existing legislation. 


The RF Government Decree № 626 "On maximum and minimum values of 


Baikal lake water levels in 2016-2017" issued on the 1st of July 2016 in which above 


mentioned level values were adopted. 
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The pools and the catchment of reservoirs of the Angara cascade of HPP 


as the research object 
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The levels of lake Baikal and the rules of regulation 
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Fluctuation range, m Minimum level, m TO Maximum level, m TO 


Natural regime (1900 


– 1955) 
2.00 


454.92 


(1900, 1904) 


456.92 


(1932) 


Regulated regime 


(1960 - 2015) 
2.15 


455.27 


(1982) 


457.42 


(1988) 


Technical project of 


Irkutsk HES – RUWR 


1988 


1.46 


(1.96) 
LDV 455.54 


NRL 457.00 


(FPL 457.50) 


Government Decree 


№234 – RUWR 2013 
1.00 456.00 457.00 







The problems of existing legislation 


 


Since 2001 a key requirement in regulating the level of lake Baikal is 


the limitation on the permissible amplitude value of 1 meter (2 times 


below the range previously observed in vivo), regulated by 


Government Decree of March 26, 2001 №234. This restriction 


applies regardless of hydrological conditions and restrictions for the 


operation of water users and water consumers in the upper and 


lower pools of Irkutsk HPP.  


 


There is a high risk of going beyond acceptable levels (456 and 457 m), 


particularly for extremely low and extremely high water content, 


which was confirmed in conditions of extreme water shortage on the 


lake.Baikal in the period of 2014-2015 
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The level regime of lake Baikal in natural (0) and regulated (1-4 stages) 


conditions 
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Government 


Decree №234 


(456-457 m) 


2
0
0
1
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THE MAIN GOALS OF RESEARCH 
 


1. Collation of data of hydrometeorological monitoring of lake Baikal over the 


entire period of instrumental observations; 


2. Analysis of conditions of formation water inflow to lake Baikal in normal and 


extreme periods, and modern assessments of design characteristics of 


water availability taking into account past, current and projected climate 


changes;  


3. Comparative analysis of  water level regime of  lake Baikal in natural 


conditions and in the conditions of Irkutsk HPP operation;  


. 


 


4. Analysis of the impact of changes in the hydrological regime of  lake Baikal 


in the operating conditions of  Irkutsk dam on the socio-economic conditions 


in downstream of Irkutsk HPP; 


5. The water justification of proposals for the regulation of water level regime of 


lake Baikal (Irkutsk reservoir) under normal conditions, extremely high and 


extremely low water content.  


The reasoning of possible range of fluctuations of Baikal lake level 


 







Basic research methods  


• For the simulation of  water level regimes of lake Baikal and study 


the possible boundaries of the range of lake level fluctuations 


special software was developed;  


• Based on the processing of accumulated statistical indicators of 


useful inflow into lake Baikal in natural and regulated conditions was 


determined their security with the determination of the range of 


normal, high, low, extremely high and extremely low water content; 


•  For each scenario of water availability was generated graphics of 


water level regime regulation of lake Baikal on various control 


charts; 


• For  water management calculations multi-criteria optimization 


methods were used; 


•  For identification of possible flooding areas under different water 


flows through the Irkutsk HPP a digital elevation model of 


downstream was developed. 


  


• . 
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The security of average annual useful inflow to lake Baikal taking into account control 


limits 


In modern conditions: 


high useful inflow – 


security 34% and below, 


the low – 93% and 


above. 


Within 93-34% is 


conditionally normal 


water availability, 


ensuring the 


preservation of 


fluctuation amplitude of 


1 m. 


And the higher 2030 


m3/s (8.4% above 


normal !) the upper limit 


of the regulation (457 m) 


fails. 
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THE MAIN RESULTS OF RESEARCH 







Regulation schedule of  water level regime of lake Baikal for normal and extreme operating 


conditions of  Irkutsk HPP depending on the availability of inflow 
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THE MAIN RESULTS OF THE RESEARCH 


 


Security, % Level range, m 


95-5 455.90-457.14 


97-3 455.82-457.27 


99-1 455.72-457.50 


99.99-0.01 455.54-457.85 







Conclusion 


1. The statutory range of 456-457 m regulation of the level of 


lake Baikal reliably ensured in conditions of normal water 


availability, but cannot be performed not only in extreme 


conditions of water availability, but in conditions of high 


and low water levels. 


2. To reduce the risk of flooding and damage in downstream of  


Irkutsk HES it is necessary to limit the expenses through 


the waterworks 3000 m3/s, during periods of extremely high 


water content should be set  maximum flow rate of 4700 


m3/s.  
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Conclusion 


3. Under conditions of extremely low water content there 


will be a need to lower the lower control limits to the level 


of 455.72 m (security 99%) and 455.54 m (security of 


99.99%). 


  


4. Under conditions of extremely high water content with the 


limitations of the expenses in downstream of Irkutsk HES  


will require increasing the upper limit of regulation to the 


level of 457.50 m (security of 1%) and 457,85 m (security 


of 0.01%). 
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Заключение 
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The Government of the Russian Federation 


Decree 


The 1st of July 2016 # 626 


MOSCOW 


 


On maximum and minimum water levels of lake Baikal 


 


In accordance with Article 7 of Federal Law “On protection of 


lake Baikal” the Government of the Russian Federation decrees: 


 


1. To establish in 2016 - 2017: 


 


the maximum and minimum values of water level in lake Baikal 


in the period of average water content at respectively 456 and 


457 meter (in the Pacific system of heights); 


the minimum value of the water level in lake Baikal in the 


period of low water content (dry period) at the level of 455,54 


meter (in the Pacific system of heights); 


the maximum value of the water level in lake Baikal in the 


period of large water content (wet period) at the level of 457,85 


meter (in the Pacific system of heights). 


 


2. To suspend until January 1, 2018, the resolution of The 


Government of the Russian Federation of March 26, 2001 No. 


234 "On the limit values of water level in lake Baikal in the 


implementation of economic and other activities" (The meeting 


of the legislation of the Russian Federation, 2001, # 14, article 


1366). 


The Prime Minister 


Of The Russian Federation                               Dmitry Medvedev 


 


 







Thank you for attention 







WATER RESOURCES OF LAKE BAIKAL AND POSSIBLE STRATEGY OF 
MANAGEMENT OF HIS LEVEL 


Bolgov M. V., Buber A. L. 


Institute of water problems of RAS (IWP RAS), 


All-Russian Research Institute of hydraulic engineering and irrigation of name A.N. Kostyakova 
(VNIIGIM of A. N. Kostyakov) 


Lake Baikal, being the reservoir, greatest in the world, on the volume of the accumulated 
fresh waters, it is characterized very slowed water exchange. In too time the lakes given 
instrumental observations of water level as under natural conditions, and during operation of the 
Irkutsk water-engineering system, confirm the considerable scope of fluctuations of level 
determined by temporary variability of moistening of the catchment basin which is in various 
physiographic conditions. 


Data on inflow to the lake, outflow from him, losses on evaporation, underground water 
exchange are necessary for an explanation of mechanisms of formation of fluctuations of water 
level in the lake. From the listed factors reliably pay off water level, and a runoff from the lake 
(are measured). Inflow and evaporation are estimated totally by a way back proceeding from the 
available data on a level increment for the set settlement interval, and about outflow of water 
from the lake during this interval. Thereby both the underground inflow, and possible changes of 
a form of the lake as a result of tectonic movements, and all other factors nonviscous of water 
balance is totally considered. 


The ratio of the values of inflow determined by water content (precipitates in the water-
collecting territory), and outflow from the lake, depending both on water level, and on hydraulic 
properties of a source of the Angara River, defines a amplitude of level of Baikal which under 
natural conditions makes value about two meters. 


Having stochastic models of fluctuations of total inflow, on the basis of the stochastic 
equation of the water balance solved by differential methods it is possible to receive both 
function of distribution of water level in the lake, and more difficult characteristics of casual 
process necessary for the description of probabilities of of long low water periods, and 
respectively, the long periods of low standing of level. 


More difficult the situation with the probabilistic forecast of level in the conditions of 
regulation of a runoff from the lake is. In that case fluctuations of level and a outflow from the 
lake pay off proceeding from need of satisfaction of requirements of the main water consumers 
and water users on the one hand, and need of the greatest possible preservation of the parameters 
of the hydrological regime defining functioning water and the near water ecosystems with 
another. 


The main scientific problem in these conditions consists in justification of possible 
borders of range of fluctuations of water level in Lake Baikal, proceeding from a compromise of 
contradictory interests of water use and requirements of an ecosystem in the conditions of 
considerable variability of hydroweather conditions of the pool, first of all, in the conditions of 
extremely high and extremely low water content. 


Since 1961 the level regime of the lake is broken also this water body is used as a water 
reservoir of the Irkutsk hydroelectric power station. One of the main hydrological questions 
important for further calculations – whether the changes of characteristics of oscillations of level 
of the lake which happened during different periods are essential. In comparison with natural 
conditions some increase in an amplitude of level which is followed by growth of asymmetry of 
its distribution and the negative asymmetry of distribution of levels is marked (annual average, 
maximum and minimum). In general the conclusion that the average level of water in the lake 
increased by 0.8 m is drawn, and seasonal, intra annual variability of level changed as a result of 
construction of the water-engineering system slightly. 







Data of hydrometeorological monitoring allow to receive temporary realization of inflow 
to the lake in 116 years (figure 1). The studied row represents realization of stochastic process 
which analysis is able to afford to draw a conclusion on probabilities of manifestation of these or 
those extreme events – the low and maximum periods abounding in water. 


 


 


Figure 1. Fluctuations of average annual sizes of inflow of water to the Lake Baikal during 
instrumental observations. 


It is possible to note that the period of decrease in a runoff has begun in the mid-nineties 
proceeds more than 15 years, and these years the water content reached extremely low values. 
The analysis shows that with noticeable, not negligible probability, extremely shallow period can 
last a year more and, respectively, a year more will proceed low standing of water level in the 
lake. 


In case of a research of regularities of alternation of the big and low water, in the theory 
of regulation of a runoff and in other tasks of a hydrology the approaches based on Markov's 
equation are widely used. The researches executed earlier on the big material showed (Bolgov, 
Korobkina, 2011) that systematic deviations from the Markov diagram in the ranks of an annual 
sink aren't watched. In combination with group estimates of parameters on the basis of separation 
of clusters, uniform in synchronism, and marginal distributions of a runoff, the Markov model 
can be applied to assessment of probability of origin of long low water periods on the rivers of 
the region. 


For reduction of an adverse effect of fluctuations of water level in the lake on his 
ecosystem in the conditions of regulation of a drain, the modern mode of levels is as close as 
possible to taking place under natural conditions. Seasonal fluctuations of level in a form are 
similar taking place under natural conditions, but are implemented on higher marks. 


Feature of water resources of the basin of Lake Baikal is extremely wide variety of 
conditions of their forming (spring snowmelt and a rain runoff). The main amount of inflow is 
created in the third quarter years due to of a rain runoff including in the territory of Mongolia. 
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Variability of water resources of the basin of Selenga is considerably determined by features of 
forming of an atmospheric precipitation which are characterized by the long dry and wet periods, 
and also is characterized by big variability in time. Long-term forecasting of inflow with an 
accuracy allowing to make optimal water management decisions in such conditions is 
impracticable. 


Calculation of water management balance under long-term series of characteristics of a 
runoff shows that in the conditions of long lacks of water for providing in the lower pool of 
conditions of navigation, functioning of water intakes and steady power supply of the population 
and the industry, it is necessary to work the Irkutsk reservoir below a mark of 456 m (The Pacific 
system of heights). 


The restrictions in the lower pool under the terms of the passes of  maximum discharges 
complicated in recent years by unauthorized building of the flooded territories require decrease 
in the maximum discharges of water to 6000 m3/s that is impossible without short-term increase 
in water level in the lake above a mark 457 m by 0,1 - 0,5 m depending on probability of a flood. 


Probabilistic nature of extreme hydrological events (floods, high waters) allows 
emergence of more extreme hydrological situation, but with probability, significantly smaller 
than 1%. When passing more rare floods and when calculating the design flood once in 10000 
years with the warranty amendment, speeding up of level of Lake Baikal to significantly higher 
marks (457.85 m) will be required. 


According to rules of Technical regulation, for providing normal operating conditions of 
a social and economic complex of the region regarding the guaranteed water supply and 
minimization of negative impacts on a condition of an ecosystem of Lake Baikal and its coastal 
systems, it is recommended to establish in Lake Baikal (The Irkutsk water storage basin) the 
minimum level on a mark of 455,54 m. 
 


THE LIST OF THE USED SOURCES 
1. Bolgov M. V., Korobkina E. A. Research of regularities of long-term fluctuations of an annual 
runoff of the rivers of Siberia and the Far East//Geography and natural resources, 2011. – No. 2. 
– Page 5-11. 
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Requirement of Knowledge Base for Water Resources Governance 


A. K. Gosain 


Professor of Civil Engineering Department,  
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ABSTRACT 
 


Projections of water demand, according to the Ministry of Water Resources, 


Government of India, indicate that India will be able to meet her water 


requirements until the year 2050. At the outset, this prediction appears to be very 


satisfactory, however, the ground reality is that even currently also majority of the 


basins are exhibiting hydrological stresses that are posing hoard of problems to 


the stakeholders. Therefore, there is an urgent need for proper and effective 


water resource governance. Such governance is not possible in the absence of 


complete and reliable information on the highly complex and dynamic water 


resources systems. This can be achieved only by making fresh assessments to 


capture the spatial and temporal variability of both, available of water resources 


as well as composite demands including the usually ignored environmental 


demand.  


 


The spatial and temporal capture of the water resources availability is a very 


exhaustive exercise because of the inherent natural variability as well as due the 


human development of water resources in the form of small, medium and large 


scale diversion and storage projects. Some of these projects may entail 


consumptive use of water whereas the others may have non-consumptive use. 


However, in either case they shall have some impact on the hydrology of the 


drainage area. For evaluating such implications, the distributed hydrological 


models are excellent tools to play the role of generating all the desired elaborate 


information in time and space through simulation process.     
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It has already been realized and accepted through the National Water Policy of 


India that it is required to formulate river basin management plans. The first 


initiative in this direction was taken up in the formulation of Ganga River Basin 


Management Plan (GRBMP). Consortium of IITs was entrusted with the 


responsibility of formulating the plan for Ganga Basin. A very elaborate modeling 


exercise using a distributed hydrological model and a groundwater model has 


been used to simulate the present conditions in the basin. Implications of the 


proposed development have also been simulated. However, this covers only the 


aspect of present management of the water resources. The other aspect that is 


becoming more relevant is the climate change implications to the water 


resources.  


 


Throughout the World countries are engaged in formulating policies to cope with 


the implications of climate change to the water resources and agriculture. India 


has also responded by formulating the National Water Mission and National 


Agriculture Mission (two of the eight missions) under the National Action Plan for 


Climate Change (NAPCC). India has also made two National Communications to 


the United Nations Framework Convention on Climate Change (UNFCCC) in 


2004 and 2012 respectively. Impacts of climate change on the water resources of 


various river basins have been evaluated by using the SWAT (Soil and Water 


Assessment Tool), a distributed hydrological model under the present condition 


and the future conditions. Projections made by the Regional Climate Models 


(RCMs) on the future weather conditions have been used as input in the SWAT 


model. Implications on account of the changing weather conditions have been 


evaluated in terms of changes from the present levels. Extremes in terms of 


floods and droughts have also been evaluated on temporal as well as spatial 


scales of the landmass of the river basins. Analysis has also been made on the 


impacts on the evapotranspiration and also on the green water and blue water.  
 


A common framework that can incorporate all the development of water 


resources at various scales in a dynamic manner shall be key to integrated water 







resources development and management in a sustainable manner. The IIT Delhi 


has taken an initiative to put such a framework together (see 


3TUhttp://gisserver.civil.iitd.ac.in/natcomU3T ). This is a GIS based information system 


and has been populated with very extensive information on the present status of 


water resources as well as implications of climate change under various future 


scenarios. Options have been created to restore the hydrological and 


environmental health of the basin that can prove to be a very useful input to the 


policymaking and in turn the water resources governance. 
 
Keywords: River basin planning, Hydrological model, Climate change, Regional climate 
model,  
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Water resource development 
inevitable 


• Shall always remain one of the preferred 
options to cater to 


– Inherent Spatial and Temporal variability of 
this resource 


–Climate change impacts as an additional 
factor 
• Is to further enhance complexity  
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Development comes at a cost 


• Water resource is finite (within natural 
variability) 


• Any development big or small involves in 
moving the water around (more often 
upstream)  


• Every development/intervention big or small 
has associated impact 
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What we usually ignore  


• Externalities of our actions 
– Big; dams, diversions 


– Small; watershed level interventions 


• Defining tradeoffs between competing 
demands  


• Considering environmental demands of the 
rivers 


• Considering sustainability 
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Sustainability – A Major concern 


• Is about maintaining the hydrological and 
environmental health of the drainage 
system 


• IWRM philosophy has been the scientific 
option available but seldom used  
– Watershed being the natural system where water balance 


can be resolved and thereby impacts of the manmade 
interferences  quantified 
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What should be the starting point 


• Develop River Basin Management Plans 


– Resource availability (temporal & spatial) 


– Present & future demands 


– Efficiencies of projects 


– Environmental status 


– Developmental pathways (with & without Climate 
Change) 


– Information formulation & Dissemination 
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Scientific base is essential  


• All the above actions require reliable 
information to be generated through 
– Hydrological model 


– Hydraulic model 


– Water quality model 


– Groundwater model 


– Environment model 


– System model 


– Frameworks to allow interoperability 
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SWAT Model Components 


Features 


• Physically based 


• Distributed 
model 


• Continuous time 
model (long term 
yield model) 


• Uses readily 
available data 


• Suitable for long 
term impact 
studies 
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Ganga Basin Hydrological Modelling – Base layers 
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Ganga Basin Hydrological Modelling – SWAT Outputs 
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Depth to Water Table for Present and 
Virgin Case 
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Surface & Groundwater Interaction 
for Present and Virgin 







INRM Consultants , New Delhi 


Climate change impact on water resources 


• India’s National Communications (NATCOM) to 
UNFCCC Coordinated by MoEF 


• The first communication was made in 2004 
and the Second in 2012 


– Work on quantification of climate change impacts 
on water Resources was entrusted to our group 
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River Basins Modeled – NATCOM II  
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Modelling Outcomes 


• Detailed outputs include all the water balance 
component at spatial and temporal scales which are 
analysed for 
 
– Changes in magnitude and frequency of flood peaks  
– Severity of droughts 
– Changes in flow patterns 
– Changes in groundwater recharge 
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Change in precipitation towards 2030s 
and 2080s  
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Change in Water Yield towards 
2030s and 2080s 
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Change in Evapo-transpiration towards 
2030s and 2080s 
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Change in Sediment Yield  towards 
2030s and 2080s 
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Change in monsoon drought weeks 
towards 2030s & 2080s 
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A shareable information base 


• To keep pace with the fast changing  baseline 


– To provide an integrated information  


• Generate scenarios and provide information 
on implications thereof  


– Can be used for adaptation options 
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Conclusions 


The following areas offer huge scope for tackling 
present and future problems  
• Application of IWRM principles to formulate River 


Basin Management plans  
• Detailed climate change implication studies to 


quantify the implications to water and agriculture 
• Use of science base for formulating effective 


adaptation options 
• Creation of sharable information for sustainable 


use of water resources through engagement of 
stakeholders 
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ASSESSMENT OF WATER ECONOMY SITUATION IN RIVER BASINS OF THE 
RUSSIAN FEDERATION 


The Russian Federation belongs to the countries well provided for water resources.  The 


Russian mean of many years renewable water resources make 10 % of the world river runoff (the 


second place in the world after Brazil) and are estimated as much as 4.3 thousand cubic km per 


year. On average more than 30 thousand cubic meters per year in the share of one person in the 


country. 


In the Russian Federation, total water resources diversion from natural water bodies in 


about 70 cubic km per year and about 55 cubic km of water is used for different purposes. 


Approximately 58 % of the total volume of water resources use fall on production needs, over 


15%  fall on drinking and municipal needs, irrigated farming requires about 12 % and over 14% 


fall on other needs. 


In some regions of the country, however, during low water periods deficiencies of water 


resources arise and they are one of the causes for economic damages, slowing down in growth 


rates of the country regions and increase in social and ecological tensions. 


The major reasons for arising deficiency of renewable water resources are their extremely 


uneven distribution on the territory of the country, considerable seasonal and long runoff 


fluctuations. 


The purpose of research is analysis of water economy situation for the main river basins in 


the years of different water content, identification of water bodies having water resources 


available for additional use, those (water bodies) with intense and scarce water economy balance 


as well as analysis of  causes for arising water deficiency and preparation of proposals for their 


elimination or decrease. 


To carry out the research the following tasks were being solved:  


- analysis of water economy balances for 67 river basins of the Russian Federation;  


- assessment of water resources supply for participants of water economy complexes;  


- identification of water bodies having water resources available for additional use and 


water bodies with intense and scarce water economy balance; 


- assessment of water resources reserves for additional use in the years of different water 


content; 


- reveal of causes for arising water deficiency; 
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- preparation for proposals to eliminate or decrease water shortage. 


Assessment of water resources reserves for possible additional use in the basins of the 


main rivers of Russian Federation that was carried out which prospects for  the development of 


water economy complexes taken into account indicates that the  major reserves of water 


resources are concentrated in Dvinsko-Pechorsky, Kamsky, Verkhneobsky and Nizhneobsky, 


Irtyshsky, Angaro-Baikalsky, Eniseisky, Lensky, Anadyro-Kalymsky and Amursky basin 


districts. 


It is necessary to take into consideration that the size of water resources reserves 


essentially decreases under the transition from mean low water years to low water years and the 


distribution through the seasons within a year is uneven. 


In the basins of the rivers Volga, Don and Kuban the water resources reserves for 


additional use are fully exhausted or are close to depletion. 


Analysis of the situation with water supply of the population and economic projects for 


water deficiency basins allowed to reveal the main causes  for arising water deficiencies when 


low water periods come: 


- imbalance in available water resources and their requirement; 


- absence or inadequate regulating capacity of reservoirs;  


- low comprehensive nature of water resources use;  


- high water capacity of put out products;  


- lack of reserve and alternative sources of water supply. 


To provide with steady water use in water deficiency basins it is necessary:  


- construction of new reservoirs, reconstruction of existing hydraulic works;  


- intrabasin and interbasin redistribution of river runoff, construction of group water 


supply systems;  


- improvement in rational use of water resources and carrying out works to restore the 


channels capacity of river beds,  to prevent their siltation and pollution;  


- development of the complex for organizational and economic measures and 


technological ones promoting the rise of steady water use. 


2 







International scientific-practical conference  


«Water Forum BRICS» 


 


ASSESSMENT OF WATER ECONOMY 


SITUATION IN RIVER BASINS OF THE 


RUSSIAN FEDERATION 


 
Moscow, 29-30 September 2016 


 


A.E. Kosolapov 


T.A. Kalimanov 


(SevKavNIIVH) 


Section 2 


Water management 







Water Fund of the Russian Federation 


Water sources 


Resources: average 


annual volume,  


km3/year 


Static 


reserves, km3 


River discharge 4270 - 


Marshes 1000 3000 


Glaciers 110 39890 


Groundwater 787.5 28000 


Lakes 532 26068 


Soil moisture 3500 - 


Total: 8302 96958 


Reservoirs 
2720 reservoirs are exploited with a capacity of 


over 1 million m3 each, with a total usable 


volume of water - 342 km3, and more 27,000 


smaller ones (less than 1 million m3.) reservoirs 


and ponds. The largest reservoir are Bratskoe on 


the river Angara (total volume is 179.1 km3), 


Krasnoyarskoe  on the river Yenisei (72.4 km3), 


Zeyskoe on the River Zeya (68.4 km3). 


 


Lakes 
In total, Russia has a total area of lakes 2747997 


408856 km2. The largest lake in the world is 


Lake Baikal: the volume of water mass is 23,000 


km3.  20% of world and 85% of Russian fresh 


water reserves are concentrated in it. Lake 


Ladoga has a  volume of 908 km3, Onega - 285 


km3, Chudsko-Pskovskoe - 35.2 km3. 


 
 


Rivers 
There are 2562489 rivers  in Russia, 8 373 606 


km in length.  2833 of them are  medium-sized 


rivers 101-500 km in length, 214 are large, over 


500 km in length. The largest rivers are Ob 


(catchment area 2990 km2), Yenisei (2580 km2), 


Lena (2490 km2), Amur (1855km2) and Volga 


(1360 km2). 
 


 


 







Water Fund of the Russian Federation 


The number and length of the Russian rivers in the basins of the seas and oceans 
Basin Number of river Length, km Basin Number of river Length, km 


Baltic Sea 53 585 140 171 Pacific, incl .: 685 841 1 729 435 


Arctic Ocean, incl .: 1 629 121 5 715 476 Bering Sea 172 140 400 939 


White Sea 109 534 373 898 Okhotsk 437 541 1 151 781 


Barents 61 348 240 103 Japan 55 024 110 009 


Kara 475 187 2 278 219 Pacific Islands 21 136 66 706 


Laptev 421 786 1 641 381 Azov-Black Sea 23 754 112 988 


East Siberian 483 672 997 980 Caspian 170 188 675 536 


Chukchi 41 830 84 215 Total Russian 2 562 489 8 373 606 


Islands of the Arctic Ocean 35 764 99 680 







Changing the volume of water resources local formation in dry periods 
(as a fraction of the average annual values) 







The average duration of low-water periods 







The use of water resources in the Russian Federation 







Water use figures for basin districts, mln.m3 







Specific water capacity GRP in Russia, thousand m3/mln. RUB GRP 







Specific water capacity ratio of GDP in Russia to the records of other countries 
(based on purchasing power parity) 
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Country 
Specific water capacity 


GDP , m3/1000 USD 


Russia (SWrus) 17.29 


Austria 10.21 


Belarus 17.8 


Germany 9.72 


Greece 31.58 


Israel 9.05 


India 128.12 


Kazakhstan 96.24 


Algeria 13.06 


Brazil 20.63 


Canada 33.27 


USA 31.73 


Australia 23.64 


𝐾𝐶 =
𝑆𝑊𝑅𝑈𝑆


𝑆𝑊𝑐
 


𝑆𝑊𝑅𝑈𝑆 - specific water capacity GDP in 


Russia 


𝑆𝑊𝑐  - specific water capacity GDP in the 


countries of the world 


𝐾𝐶  







Schemes for the integrated use and protection of water bodies  


Schemes for the integrated use and protection of water bodies include systematic material on the 


status of water bodies and their use, they are the basis for the implementation of water management 


measures and measures to protect water bodies located within the boundaries of river basins. 


Main results of Schemes 


 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


The main objective of scheme development is the formation of the management decision-making 


tools to achieve targeted water quality indices of water bodies in examined river basin and to reduce the 


negative effects of floods and other harmful effects of water by the established scheme  .  


GENERAL 


CHARACTERISTIC OF 


THE RIVER BASIN 


ASSESSMENT OF THE 


ECOLOGICAL STATE 


AND KEY PROBLEMS 


OF THE RIVER BASIN 


TARGET  


INDICATORS 


 


 


 


WATER 


MANAGEMENT 


BALANCES AND 


BALANCES OF 


POLLUTANTS 


LIMITS AND QUOTAS 


FOR THE WATER 


INTAKE FROM WATER 


OBJECTS AND 


SEWAGE  DISCHARGE 


LIST OF ACTIONS FOR 
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Schemes for the integrated use and protection of water bodies  


At present, 67 Schemes of complex use and protection of water bodies are developed 


and approved. 


river basins on which Schemes are developed 







 


 The load on the total water resources in an average water year  
on the main river basins,% 


Subjects of the Russian 


Federation with the water 


stress in the average water 


year, more than 20% 


       Kuse - use factor of water resources, %; 


       Wcc – size of the complete water consumption; 


       ВР – size of renewable water resources. 


Kuse =
𝑊𝑐𝑐


𝑅𝑅
, % 







 


 The load on the total water resources in dry years and the periods  
on the main river basins,% 


Subjects of the Russian Federation with 


the water stress in dry years and the 


periods , more than 20% 


       Kuse - use factor of water resources, %; 


       Wcc – size of the complete water consumption; 


       ВР – size of renewable water resources. 


Kuse =
𝑊𝑐𝑐


𝑅𝑅
, % 







Water Security in an average water year 
on the main river basins, thousand m3/year per person  


 


𝑊𝑆 =
𝑊𝑅 − 𝐼𝐶


𝑛
, thousand m3/year per person 


             WR – real water resources, km3/year;  


                IC – irrevocable water consumption, km3/year;  


        n – population, million persons. 


Subjects of the Russian Federation with 


the water availability of less than  


5  thousand m3/year per person in an 


average water year 


low 







Water Security in dry years and periods 
on the main river basins, thousand m3/year per person 


Subjects of the Russian Federation with the water 


availability of less than 5  thousand m3/year per 


person in dry years and periods 


 


𝑊𝑆 =
𝑊𝑅 − 𝐼𝐶


𝑛
, thousand m3/year per person 


             WR – real water resources, km3/year;  


                IC – irrevocable water consumption, km3/year;  


        n – population, million persons. 


Kaliningradskaya  


oblast’ 


Leningradskaya  


oblast’ 


low 







Water resources free to use in the basins of main Russian rivers 


in an average water year 


in dry years and periods 
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1TMODERN PROBLEMS OF QUALITY CONTROL OF NATURAL WATERS AND 
PROTECTION OF WATER BODIES 


1TEugeniy Venitsianov 


1TWater Problems Institute of the Russian Academy of Sciences, Moscow 


1TProtection of water bodies is an integral part of water sector management system (WSMS) 
and includes the legislative and regulatory, organizational and economic subsystems, as well as 
monitoring and control one. 


1TThe WSMS is multi-layered and consists of ministries and departments.0T1T 0T1TThe key 
drawback of the WSMS is the lack of consistency since each regulatory body has responsibility 
and makes decisions within their competence and inter-agency interaction is limited to a formal 
agreement. 


1TIn developed countries, the main principle is that the basin approach based on integrated 
management.0T1T 0T1TIn fact, in Russia two poorly coordinated water management systems 
simultaneously exist. The first one is based on the basin principle (BWM - Basin Water 
Management) and the second on the administrative-territorial (basin district). 


1TIntegrated management is characterized by the following features: 


• 1Tuse of the water basin as the water management unit; 


• 1Tmutual integrated management of land and water resources; 


• 1Tthe integration of social, economic and environmental factors; 


• 1Tmanagement of all pollution sources, including diffuse and uncontrolled0T1T. 0T1TThis area of 
water protection practically isn’t worked out in Russia; 


• 1Tintegration of the planning and management of surface water, groundwater, coastal, 
lakeside and riverside ecosystems; 


• 1Teconomic sustainability of the water complex. 


1TThe water sector management system is based on the centralized control principle at 
national, regional and local levels. But there are no clear division of powers on management 
levels procedures as well as harmonization of decision making on different levels and funding 
sufficient for the implementation of control at every level of functions. 


1TThe disadvantage of water protection system in Russia is the lack of focus on the general 
goal that is continuous improvement of the country's water resources.0T1T 0T1TSchemes for the 
multipurpose use and protection of water bodies do not make realistic goals by stages.0T 1T 0T1TBasin 
water management do not perform a regulatory role in the management of WSMS. At the same 
time, the role of basin councils weakened. 


1TWater protection requires improved standards not only of water legislation, but also of 
urban planning and land laws. In the first place, it should ensure the regulation of the economic 
use of the territory, especially in water protection zones, taking into account all types of effects: 
controlled and uncontrolled, lumped and distributed.0T1T 0T1TThey should be based on the concept of 
risk, to move away from the traditional focus on “zero risk”, which is based on threshold 
allowable concentration system, permissible discharge standards and the permissible 
impact.0T1T 0T1TRisk concept is almost never used in the regulation of anthropogenic influences. 


1TWater legislation neither covers the concept of “damage to water bodies” nor establishes 
rules of compensation for damage to water bodies.0T1T  0T1TThe only regulation available is the 
“Method of calculating the damages caused to water bodies due to violations of water 
legislation” is insufficiently substantiated from scientific point of view.0T1T 0T1TThe funds collected on 







the respective legal actions for damage compensation in the municipal budgets and are not 
intended use. 


1TThere are no legislative rules, requiring the implementation of measures for environmental 
remediation of polluted water bodies. There are not any developed mechanisms for the 
elimination of accumulated environmental damage in water bodies.0T1T 0T 1TIssues related to private 
investment, ownership of waste, flooded wood and other materials extracted from the cleaning 
process of water bodies are not worked out. 


1TThe effectiveness of the power implementation by government authorities in the field of 
water relations does not effect the assessment of their activities. There are no reasonable and 
convenient criteria for assessing the effectiveness of water protection. In practice it is used 
evidently inadequate or simply spoiling criteria. For example, the threshold allowable 
concentration system for fishery water bodies used for the whole country can have an indicative 
rather than regulatory function.0T1T 0T1TLimits of permissible impact are poorly substantiated 
scientifically. 


1TThe current legislation does not establish the status of complex schemes for use and 
protection of water bodies (Schemes).0T1T 0T1TSuch scheme at the same time can be considered as the 
project documentation, and as a guidance and methodological document. 0T1T 0T1TFeasibility study is 
not carried out for such schemes. Schemes development methodological base has a number of 
shortcomings.0T1T 0T1TMeasures presented in Schemes are not linked to the socio-economic areas 
programs.0T1T 0T 1TThere is no state control over the implementation of the scheme. 


1TAt the heart of the Russian wastewater and pollutants regulatory system is an erroneous 
concept of "zero impact" on water bodies without taking into account the capabilities of modern 
treatment technologies.0T1T 0T1TRegulatory system is complex: the development of permissible 
discharge standards (PDS) as well as the procedure for obtaining approvals and permits are 
unreasonably time-consuming, multi-stage and costly.0T1T 0T1TIt is necessary to establish in each basin 
for large and medium-sized water bodies certified permanent mathematical models as a basic 
control measure. 


1TThere is a demanding question: how by the use of permissible impact standards (PIS) 
move to a new level of water use regulation?0T1T 0T1TIn accordance with the Water Code (Art. 35), PIS 
were created specifically for this purpose.0T1T 0T 1TThis issue isn’t currently solved. 


1TThere is a lack of coordination of the Russian regulatory framework in establishing the 
allowable loads on water bodies.0T1 T 0T1TCurrently, PIS, PDS and regulation on the basis of best 
available techniques (BAT) simultaneously exist.0T1T 0T1TThe main attention of government agencies is 
paid to pollution control rather than its prevention.0T1T 0T1TRegulation and control system does not 
differentiate between pollutants nor by origin, nor by the degree of environmental hazard.0T1T 0T1TThere 
are no lists of priority hazardous substances in the basins.0T1T 0T1T An extensive list of pollutants for the 
control (Order of 8/7/2015 number 1316-p) approved by the Government reiterates the 
conceptual mistake of threshold allowable concentration system. The mistake is in the absence of 
regulation for emerging pollutants as xenobiotics. 


1TFederal law from 21/07/2014 number 219-FZ "On Amendments to the Federal Law" On 
Environmental Protection "and selected legal Acts of the Russian Federation", introduces the 
practice of regulating the principle of "best available technology" (BAT). This principle does not 
correspond to existing practice of using for the purpose of PDS & PIS and does not justify the 
adequacy of the proposed BAT for protection of water bodies. 


1TEconomic incentives to encourage the protection of water bodies are missing.0T1T 0T 1TThe fee for 
the use of water bodies, purposed in 1990's, with the reforming of the budget and tax legislation 
has become a fiscal collection. There is still no effective economic relations in industry. It is 
used only two categories: water tax on businesses being not differentiated on the water use 
efficiency and pollution charges with purely fiscal purpose. 







1TParadoxically the higher water charges and the greater the amount of pollution and the 
amount of water intake, the higher level of budget replenishment.0T 1T 0T1TPayments are not connected 
with the purpose for the protection, rational use and restoration of water bodies, as well as with 
the territory of which they are levied.0T1T 0T1TThe list of paid water uses is limited. 


1TRules for calculating and charging fees is not provided for recalculation when the contents 
of pollutants exceed the allowable threshold concentrations in water withdrawn. 


1TSince 2012 the legislation doesn’t require the mandatory civil liability insurance of risk of 
damage to the environment in case of accidents on the waterworks and at other hazardous 
production facilities. It does not use complex indicators, common in the world practice.0T1T 0T1TThe lists 
of pollutants to be charged for discharge is unreasonably high.0T1T 0T1TIt is unacceptable to combine in 
one of the authorized body the functions to issue permits for permissible environmental impact 
and oversight function. 


1TThe abovementioned allows0T1T 0T1Tto conclude that there is a discrepancy between the objectives 
of water bodies protection and the existing Russian formation and expenditure system of 
payments for the discharge of pollutants into water bodies. 


1TLegal regime of water protection zones, coastal and riverside protection zones is 
excessively liberalized.0T1T W0T1Tater protection zones themselves become a potent source of 
contamination. 


1TConclusion.0T1T 0T1TThe modern system of regulation of natural water quality and protection of 
water bodies in Russia is in need of serious reform. 







	  
	  
Drought	  Management	  in	  Brazil	  
The	  Crisis	  &	  the	  opportunity	  
The	   recent	   hydrological	   crisis	   in	   Brazil	   has	   affected	   not	   only	   the	  Northeast,	   a	   region	  
commonly	  subject	  to	  recurrent	  droughts,	  but	  also	  the	  large	  metropolitan	  areas	  of	  Sao	  
Paulo,	  Belo	  Horizonte,	  and	  Rio	  de	  Janeiro.	  	  The	  present	  water	  crisis	  in	  the	  Northeast	  is	  
the	  result	  of	  a	  multiyear	  drought,	  which	  has	  thus	  far	  lasted	  from	  2011	  to	  2016.	  	  In	  the	  
case	  of	  the	  metropolitan	  Southeast,	  the	  extent	  of	  the	  drought	  has	  also	  been	  impressive,	  
both	   because	   of	   its	   duration	   (2014-‐15)	   and	   its	   intensity,	   representing	   the	   most	  
significant	  one	  observed	  over	  the	  past	  eighty	  years.	  
	  
Government	   responses	   to	   the	   past	   and	   present	   crises	   have	   a	   number	   of	   common	  
characteristics,	  including,	  for	  example,	  problems	  in	  communicating	  the	  seriousness	  of	  
the	   situation	   to	   the	   population,	   difficulty	   by	   decision	   makers	   to	   take	   unpopular	  
measures,	  such	  as	  rationing,	  and	   lack	  of	  a	   long-‐term	  perspective	   in	  terms	  of	  drought	  
management.	   	   An	   analysis	   of	   these	   crises	   also	   reveals	   that	   political	   considerations,	  
especially	  in	  an	  election	  year	  (such	  as	  2014),	  can	  hinder	  assessment	  of	  the	  gravity	  of	  the	  
drought	  situation	  and	  adversely	  affect	  decision	  making	  for	  mitigation	  of	  its	  effects,	  again	  
particularly	  when	  unpopular	  actions	  may	  be	  required.	  
	  
The	  past	  history	  on	  drought	  response	  by	  governments	  in	  Brazil	  reveals	  that	  successive	  
Brazilian	  governments	  have	  met	  the	  recurrent	  drought	  crises	  in	  the	  Northeast	  primarily	  
through	   emergency	   measures.	   Emergency	   measures	   do	   not	   necessarily	   mean	  
“assistencial”	  ones,	  but	  refer	  to	  actions	  taken,	  whether	  permanent	  or	  not,	  as	  a	  response	  
to	  a	  specific	  drought	  emergency.	  	  
	  
The	  2012	  drought	  in	  the	  Northeast	  reached	  such	  a	  proportion	  that	  it	  again	  caused	  the	  
principal	  decision	  makers	  in	  the	  federal	  and	  affected	  state	  governments,	  as	  well	  as	  in	  
society	  as	  a	  whole,	  to	  consider	  the	  need	  to	  act	  on	  the	  basis	  of	  new	  assumptions.	  	  The	  
constant	   warnings	   issued	   by	   the	   international	   scientific	   community	   about	   climate	  
change	  and	  its	  impacts	  and,	  in	  particular,	  about	  the	  likelihood	  that	  these	  changes	  would	  
make	  droughts	  more	  frequent,	  prolonged,	  and	  severe,	  led	  even	  the	  most	  skeptical	  to	  
worry	  about	  the	  improper	  treatment	  given	  to	  them	  in	  the	  past,	  thereby	  opening	  a	  new	  
window	  of	  opportunity	  to	  rethink	  public	  policies	  in	  relation	  to	  them.	  
	  
The	  discussion	  regarding	  the	  droughts	  and	  their	  impacts	  has	  reached	  the	  highest	  levels	  
of	   the	   federal	  Executive	  as	  well	  as	   the	  state	   legislatures	  and	  National	  Congress.	   	  The	  
water	  crisis	   is	  now	  perceived	  nationally	  as	  a	  central	  problem,	  and	  the	   topic	  of	  water	  
resource	  management,	  which	  had	  been	  striving	  to	  gain	  ground	  since	  the	  National	  Water	  
Law	  was	  promulgated	  in	  1997,	  has	  finally	  become	  a	  key	  element	  in	  the	  political	  agenda,	  
in	  the	  process	  exposing	  the	  institutional	  fragilities	  to	  deal	  with	  situations	  of	  hydrological	  
uncertainty	  and	  water	  deficits.	  
	  
Responses	  based	  exclusively	  on	  water-‐related	  infrastructure	  or	  others	  of	  a	  more	  pointed	  
nature	  ,	  moreover,	  have	  proven	  to	  be	   insufficient.	   	   In	  the	  Northeastern	  case,	  despite	  
two	   consecutive	   very	   rainy	   years	   (2008	   and	  2009)	   prior	   to	   the	   recent	   drought	   years	  







(2010,	  2012-‐2015),	   it	  became	  evident	   that	  a	  more	  profound	  reflection	  about	  how	  to	  
address	   the	   issue	  was	   needed.	   	   An	   opportunity	  was	   thus	   created	   to	   advocate	   for	   a	  
development	  model	  that	  would	  be	  more	  appropriate	  for	  the	  regional	  environment	  and	  
climate,	  incorporating	  pertinent	  climate-‐related	  information	  into	  government	  planning	  
so	  that	  large	  infrastructure	  projects	  could	  be	  managed	  within	  a	  short,	  medium,	  and	  long-‐
term	   climate	   perspective	   (Martins,	   2015).	   	   In	   this	   direction,	   the	   ARIDAS	   Project	  
(Magalhaes	   et.	   al.,	   1993)	   proposed	   a	   planning	  methodology	   for	   development	   of	   the	  
Northeast	   containing	   a	   long-‐term	   vision	   and	   a	   focus	   on	   economic,	   social,	   and	  
environmental	  sustainability,	  including	  climate-‐related	  crisis	  management.	  
	  
This	  paper	  will	  be	  organized	  as	  following:	  
1.	  The	  Context	  
	  
2.	  Review	  of	  Literature	  of	  Current	  Drought	  Management	  Systems	  
	  
3.	  Drought	  Management	  Issues	  in	  Brazil	  
3.1	  Empahsis	  on	  the	  infrastructure	  
	  
3.2	  Institutional	  Challenge	  
	  
3.3	  Use	  of	  Drought	  Monitoring	  /	  Forecasting	  in	  Water	  Management,	  Ceará	  -‐	  Brazil	  
	  
3.4	  Water	  Governance	  at	  local	  scale	  
	  
3.5	  Transparency	  regarding	  problems	  and	  decisions	  
	  
4.	  The	  Underlying	  Research	  incorporated	  in	  Drought	  Management,	  Ceará	  
4.1	  Key	  Research	  Methods	  	  
4.2	  Key	  Research	  Outcomes	  
	  
5.	  The	  challenge	  in	  overcoming	  the	  institutional	  barriers	  in	  creating	  a	  technically	  and	  
politically	  sound	  Drought	  Management	  System	  in	  Brazil	  
Describe	  a	  very	  recent	  initiative	  related	  to	  paradigm	  shift	  on	  Drought	  Management	  in	  
Brazil:	  Moving	  from	  a	  Reactive	  Management	  to	  a	  Risk	  Management	  of	  Droughts	  
	  
6.	  Practical	  Outcomes	  
	  
7.	  Discussion/Final	  Remarks	  
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The work is devoted to the development of the methodology for integrated 


justification of specially protected water areas on the example of the Black, Azov and 


Caspian seas. It is shown that the scientific basis for justification of specially protected 


water areas is a complex landscape zoning and mapping, as well as a statistical analysis of 


main components of underwater natural complexes (landscapes), determining their 


variability, sustainability and gydroecological state, taking into account the detection of 


underwater landscapes’ degradation over the past 100 years.  


The last century has been characterized by a sharp increasing of anthropogenic 


pressures on marine ecosystems. Progressive deterioration occurs in water quality and 


seafloor sediments, which leads to the degradation of underwater landscapes and the 


decrease in landscape and, therefore, biological diversity. In this regard, the study of 


variability and stability of seafloor natural complexes has a special scientific value, because 


the successful ecological state and the variety of seafloor natural complexes determine the 


stability of entire ecosystems in the water column, and the study of regularities in the 


degraded underwater landscapes’ recovery is a necessary component of environmental 


activities. 


Nowadays the number of marine reserves operating in Russia is extremely small 


and one of the primary recognized measure is to establish new and expand old buffer zones 







of natural reserves, located in coastal land areas, and to include marine areas into them. The 


above seas are the priority regions for such an activity. It is often necessary to allocate 


separate zones inside the protected water area and to define the regime of their using. 


Conservations can significantly differ from each other by virtue of the peculiarities of the 


marine ecosystem functioning and need a differentiated approach to environmental 


activities.  


Studying of underwater landscape systems includes the determination of its natural 


resource potential and the choice of options of its use. The results of the evaluation of the 


northern Caspian underwater landscapes’ private natural resource potential allowed to rank 


them by the level of reservation. The conducted calculations allowed to group seafloor 


natural complexes into four categories depending on the degree of using resources of each 


in sturgeon fish. It has turned out that the most important for a stable existence of sturgeon 


fish are seafloor natural complexes of the rivers’ headwaters regions. 


The proposed method of natural resources potential assessing allowed to plan 


environmental activities, being guided by the following principle: the higher the private 


natural resource potential, the stricter environmental requirements for reservation should be. 


One of the most effective environmental measures is the development of strategies of 


protected water areas. Its scientific justification is possible on the basis of an integrated 


landscape studies of marine areas and their natural resources. 


The aim of the work is the development of a methodology for the justification of the 


Black, Azov and Caspian seas on the basis of of hydro ecological pecularities of the 


structure and functioning of their seafloor natural complexes.  


 In line with the intended purpose the following tasks were set and solved: analysis 


of the existing international geoecological methods of reserving water areas, creating marine 


reserves and adapting them to this object of study; physiographical classification, zoning 


underwater natural complexes of studied water areas and analysis of their changes; study of 


the influence of human activities on underwater natural complexes change, regarding the 


background; definition of natural-resource potential of the underwater natural complexes, 


on the basis of which the main features of their functioning are identified, dynamics and 


sustainability; development of recommendations for environmental activities and spatial-


functional components of ecological network of specially protected water areas, because of 


the modern map of seafloor natural complexes, their degradation over the past 100 years 


and identified the characteristics of their stable functioning. Systematic approach of 


ecological reservation is the formation of local, regional and global ecological networks that 







enable to maintain the landscape and biological diversity. Effective protection based on 


reservation via the marine ecological network organization supports healthy and productive 


ecosystems. Small isolated natural community are doomed to inevitable degradation, 


therefore, they should be linked by environmental corridors, forming a holistic frame for a 


long period of existence. 


In connection with the above, in the internal Russian seas in order to preserve the 


existing and restore degraded species, populations, biocenoses the adequate to local 


conditions «ecological frame of stability», consisting of interconnected spartial-functional 


environmental elements (core, transit, buffer, reconstructive specially protected water areas 


(table 1), allocated on the basis of underwater landscapes zoning and mapping) should be 


formed.  


At the final stage of the research, methodology to develop the ecological network is 


created and functional-areal distribution of its components is proposed. Such 


transformations have been done on the basis of developed classification and constructed 


map of seafloor natural complexes, which have different hierarchical level from 


physiographic country to landscape, on the basis of statistical processing of several biotic 


and abiotic indicators and defining the basic factors of seafloor natural complexes stability. 


As the result of matching a compiled map of seafloor natural complex with expeditionary 


information (1910-1912) it was turned out that seafloor natural complexes are locally and 


regionally negatively influenced. The increase of hypoxia areas, the reduction of the oxygen 


concentration and the decrease in water transparency are traced, mass death and sharp 


decline in species of phytobenthos, zoobenthos, valuable commercial fish are noticed, the 


overall decline of landscape diversity up to the disappearance of valuable commercial 


landscapes in relation to seafloor natural complexes is revealed. Through a systemic 


approach of the ecological reservation, based on the international experience, the proposed 


network of the Azov-black physiographic country specially protected water areas consists of 


the following elements: key environmental waters (protected kernel), transit waters, buffer 


protective waters, restoration waters. 


Scientific basis for justification an allocated network of specially protected water 


areas is a complex landscape zoning and mapping, confirmed by statistical analysis of 


seafloor natural complexes’ major components, determining their variability, resistance and 


hydroecological state.  
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Studying of underwater landscape systems includes the determination of its 


natural resource potential and the choice of options of its use. The results of the 


evaluation of the underwater landscapes’ private natural resource potential allowed to 


rank them by the level of reservation. The conducted calculations allowed to group 


seafloor natural complexes into four categories depending on the degree of using 


resources of each in sturgeon fish. It has turned out that the most important for a stable 


existence of sturgeon fish are seafloor natural complexes of the rivers’ headwaters 


regions. 


The proposed method of natural resources potential assessing allowed to plan 


environmental activities, being guided by the following principle: the higher the private 


natural resource potential, the stricter environmental requirements for reservation 


should be. One of the most effective environmental measures is the development of 


strategies of protected water areas. Its scientific justification is possible on the basis of 


an integrated landscape studies of marine areas and their natural resources. 


The aim of the work is the development of a methodology for the justification of 


the Black, Azov and Caspian seas on the basis of of hydro ecological pecularities of the 


structure and functioning of their seafloor natural complexes.  
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 In line with the intended purpose the following tasks were set and solved:  
• analysis of the existing international geoecological methods of reserving water areas,  
• creating marine reserves and adapting them to this object of study;  
• physiographical classification, zoning underwater natural complexes of studied water 


areas and analysis of their changes;  
• study of the influence of human activities on underwater natural complexes change, 


regarding the background; definition of natural-resource potential of the underwater 
natural complexes, on the basis of which the main features of their functioning are 
identified, dynamics and sustainability; 


• development of recommendations for environmental activities and spatial-functional 
components of ecological network of specially protected water areas, because of 


• the modern map of seafloor natural complexes, their degradation over the past 100 
years and identified the characteristics of their stable functioning.  


Systematic approach of ecological reservation is the formation of local, regional and 
global ecological networks that enable to maintain the landscape and biological diversity.  
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Effective protection based on reservation via the marine 
ecological network organization supports healthy and productive 
ecosystems. Small isolated natural community are doomed to 
inevitable degradation, therefore, they should be linked by 
environmental corridors, forming a holistic frame for a long 
period of existence. 
 
In connection with the above, in the internal Russian seas in 
order to preserve the existing and restore degraded species, 
populations, biocenoses the adequate to local conditions 
«ecological frame of stability», consisting of interconnected 
spartial-functional environmental elements (core, transit, buffer, 
reconstructive specially protected water areas, allocated on the 
basis of underwater landscapes zoning and mapping) should be 
formed.  
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Type of waters)  I — Key nature 


conservation area (KNCA) 


II — Buffer area (BA)  III —  Transit area (TA) IV —  Restorational 


area (RW) 


The goal of 


allocating 


Conservation of rare, 


unique and endangered 


species and natural 


environment  


Conservation of rare, 


unique and 


endangered species 


and natural 


environment  


Conservation of the 


natural landscape, 


typical of natural 


systems, ensuring the 


normal functioning of 


the species protected in 


KNCA 


Restoration, 


maintenance, 


preservation of rare, 


unique and 


endangered species 


and environmental 


objects 


A criterion of 


selection of the 


boundaries 


Natural distribution of 


subaquatic landscapes 


 given buffer protection 


Natural spread of 


subaquatic 


landscapes 


Natural spread of 


subaquatic landscapes 


key connection 


between the Key nature 


conservation area of the 


ecological network 


Defined within 


distribution 


background 


subaquatic 


landscapes 


Mode use of Strict security; 


Human use is usually 


absent or strictly 


controlled; It is possible 


to conduct researches 


and ecological monitoring 


of nature Conservation; 


Adjustable, depending 


on the state of the 


environment, types of 


activities and nature 


Conservation 


Conservation; 
Adjustable, depending 


on the state of the 


environment, activities 


Strict protection; 


The prevention and 


reduction of 


anthropogenic impact 


on the marine natural 


environment; Creating 


the conditions for 


recovery of the object 


Signs of the allocation of Protected Water Areas 


In the internal Russian seas in order to preserve the existing and restore degraded species, populations, 
biocenoses the adequate to local conditions «ecological frame of stability», consisting of interconnected 
spartial-functional environmental elements (core, transit, buffer, reconstructive specially protected water 
areas (table 1), allocated on the basis of underwater landscapes zoning and mapping) should be formed.  
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At the stage of the research, methodology to develop the ecological network is 
created and functional-areal distribution of its components is proposed. Such 
transformations have been done on the basis of developed classification and 
constructed map of seafloor natural complexes, which have different 
hierarchical level from physiographic country to landscape, on the basis of 
statistical processing of several biotic and abiotic indicators and defining the 
basic factors of seafloor natural complexes stability. As the result of matching a 
compiled map of seafloor natural complex with expeditionary information 
(1910-1912) it was turned out that seafloor natural complexes are locally and 
regionally negatively influenced. The increase of hypoxia areas, the reduction of 
the oxygen concentration and the decrease in water transparency are traced, 
mass death and sharp decline in species of phytobenthos, zoobenthos, valuable 
commercial fish are noticed, the overall decline of landscape diversity up to the 
disappearance of valuable commercial landscapes in relation to seafloor natural 
complexes is revealed.  
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Scheme of Azov and Black Sea basin 
physical-geographical zoning 


Areas of hypoxia 


Schematic map of the location of 
existing facilities reserve Fund 
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Map of specially protected natural 


territories and water areas in the Black and 


Azov Seas 


Through a systemic 
approach of the 
ecological reservation, 
based on the 
international 
experience, the 
proposed network of 
the Azov-black 
physiographic country 
specially protected 
water areas consists of 
the following 
elements: key 
environmental waters 
(protected kernel), 
transit waters, buffer 
protective waters, 
restoration waters 
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Summary. Scientific basis for justification an allocated network of specially 
protected water areas is a complex landscape zoning and mapping, confirmed by 
statistical analysis of seafloor natural complexes’ major components, determining 
their variability, resistance and hydroecological state , taking into account the 


detection of degradation of underwater landscapes in the past 100 years. 


 Proceeding from tendencies of economic development of offshore and 


coastal zones of the Azov, Black and Caspian seas established the 


following priorities in the further work on improvement of system of marine 


protected areas: development of detailed diagrams of the spatial structure 


of the bottom natural complexes to embed protected areas of various types, 


with a further establishment of such schemes for all of the seas of Russia; 


increase the area of existing protected marine areas by adding them to the 


already existing protected areas; creation of new marine protected areas 
mainly in highly productive regions of the sea. 
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Thank you very much for 
your attention  
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The quest for water security has been a struggle throughout human history. Only in recent 


years has freshwater started to become a globally scarce good and have water-related risks 


become so interconnected that the scale of this quest has needed to move beyond the local, to 


the national and regional scales and to the planet itself. It has been reported that lack of or 


unreliable water supply, sanitation and irrigation services, unmitigated floods and droughts, 


and degraded water environments severely impact half of the world’s population. Water 


resources are central to development and poverty alleviation (DWA, 2012). Yet decision 


makers face many challenges to ensuring their sustainable and equitable use. The impacts of 


rapidly changing economies, populations and climate change on fresh water resources are 


unknown, especially for sub-Saharan Africa.  


 


Water security is the availability of an acceptable quantity and quality of water for health, 


livelihoods, ecosystems and production, coupled with an acceptable level of water-related  


risks to people, the environment and economies (AMCOW, 2012). The problem of water 


scarcity is likely to deepen when the projected climate change scenarios become a reality. It 


is projected that by 2050, the Southern African region will be generally drier (Department of 


Environmental Affairs, 2013). In general for South Africa there is a tendency towards a rise 


in temperature as evidenced in the past five decades (MacKellar et al. 2014). Maximum and 


minimum temperatures have also shown significant increases annually, and in almost all 


seasons. High temperature extremes have increased significantly in frequency, and low 


temperatures have decreased significantly in frequency annually and in most seasons across 


the country (Department of Environmental Affairs, 2013). Recent projections of precipitation 


and runoff suggest a drop of up to 10% in precipitation in most of southern Africa by 2050 


(Levina, 2006). It is estimated that by the year 2025 almost one-half of the world population 


will be living in water stressed regions (World Water Council, 2000). On the other hand rapid 


population increase, industrialization and pollution are further putting a strain on the 


available and diminishing fresh water resources. Contemporary global changes leading to 


water scarcity for social and economic development is likely to remain a challenge. Within 


this context, there is a general consensus that development has to be sustainable and resilient 


to these global changes such as climate change. Resilient  development  involves initiatives  







that will deliver benefits under all potential future chaotic and uncertain circumstances related 


to global environmental changes (AMCOW, 2012). Therefore this paradox calls for 


innovative strategic approaches to deliver water security and resilient development. 
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Regulation of anthropogenic impacts on the environment system in the Russian Federation 


is based on a system of maximum permissible concentration (MPC). In accordance with the 


Water Code of the Russian Federation adopted a two-tier system of regulation. In general, 


standards of permissible exposure (SPE)P0F


1
P developed for the water body and its large water areas. 


For individual water outlets in accordance with the regulations and methods developed norms of 


permissible discharges (NPD)P1F


2
P. NPD regulations are set, "based on the condition of non-


exceedance of maximum permissible concentration (MPC) of harmful substances in water 


bodies". MPC themselves "established on the basis of the conditions of the targeted use of the 


water body"P


2
P. 


 Despite the fact that the SPE made and approved for the majority of water bodies of the 


country, has not yet been developed methodological approaches and transfer of technology 


standards SPE to NPD.  


One of the most difficult issues in the system of regulation and control of water quality in 


water bodies is to establish communication between the systems specifications SPE and NPD, as 


well as keeping a significant intra- and inter-annual variability of water flow of the rivers on the 


Russian Federation territory. It was decided the simplest solution of this issue – the regulation 


should be carried out at a certain minimum design flow of water watercourse receiver. It is 


obvious that the minimum design flow must be installed with the necessary reliability of the 


basic requirements. This requirement is followed: not in excess of the control section of 


pollutants, which are limited by the MPC. It's necessary to note that there is a monotonically 


decreasing relationship between the content of regulated ingredients in the control section and 


the flow of the watercourse receiver.   


Because of the seasonal variability of water flows in the rivers of this approach cannot be 


used by a significant portion of the assimilative capacity of the water body. This is possible only 


1 Federal Law of the Russian Federation dated July 21, 2014; № 219-FL "On Amendments to the Federal Law" On 
Environmental Protection "and Certain Legislative Acts of the Russian Federation". 
2 The methodology of the norms of permissible discharges of substances and microorganisms into water bodies for 
water users, approved by the Ministry of Natural Resources of the Russian Federation of December 17, 2007 № 333 
(registered in the Russian Ministry of Justice February 21, 2008 № 11198). 


                                                           







when the water users can change the settings reset depending on the hydrological and 


hydrochemical mode receiver watercourse. If such opportunities based on the manufacturing 


technology, there are, for example, the presences of significant wastewater accumulating tanks; it 


is advisable to carry out wastewater treatment adjustable depending on the changing expenditure 


watercourse receiver. Legislative scheme regulated wastewater was approved in the order of the 


Ministry of Natural ResourcesP2F


3
P. Critical analysis of the current state of the legal framework for 


the organization of the controlled discharge of wastewater is given in the workP3F


4
P. 


This scheme of regulation an adjustable wastewater discharges was first implemented in 


the Soviet Union in 1939 Rubezhnyi chemical plant. In the future, this scheme has been widely 


used in the chemical industry for the discharge of sewage from storage. It should take into 


account the requirements of the regulation allocated drains and organization of production 


monitoring costs. 


If during the unregulated dumping is permitted to conduct operational monitoring of waste 


water and the condition of the water body with a sample rate of ~ 1 / month or even ~ 1 / quarter, 


when the regulated wastewater is necessary to organize an automated continuous monitoring 


system of quality of discharged waste water and the condition of the water body. 


This design schemeP


3
P should be used to calculate the planned payments for water use, and 


not for the evaluation of the calculated wastewater discharges.  If the calculation of the planned 


payments are used the minimum estimated costs of each month, under controlled costs, 


depending on the water content of the water body receiver actual amount of payments will be 


quarterly (monthly) 0Tcorrected0T based on the actual volume of discharged waste water, provided 


that will not be exceeded established standards water quality in the monitoring section. 


A key role in the organization of the regulated wastewater plays a limiting index of water 


quality. Limiting water quality index is defined as follows: 
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where N – the total list of regulated water quality; СRdsi R– the content of the i-th index in 


discharged sewage waters; CRbi R– the content of the i-th index in the background alignment; CRMPCi 


R– limiting MPC for the i-th index. 


3 Order of the Ministry of Natural Resources of Russia from 07.22.2014 № 332 "On Amendments to the procedure 
of the development of standards for permissible discharges of substances and microorganisms into water bodies for 
water users, approved by order of the Ministry of Natural Resources of the Russian Federation of December 17, 
2007 № 333" (Registered in the Ministry of Justice Russia 13.08.2014 № 33566). 
4 Venitsianov E.V., Lepikhin A.P., Gubernatorova T.N., Bogomolov A.V. On Amending the NPD development 
methodology for the controlled discharge of sewage from storage // Water Management Russia: problems, 
technology, management. 2015, № 5, P.55-69. 


                                                           







 For the calculation, use our proposed methodology for calculating the background 


indexes, taking into account the statistical regularities of monitoring dataP4F


5
P.  


In accordance with the applicable regulatory and procedural documents, distance from the 


source of pollution to control alignment of ≤ 500 m i.e. small. Therefore, at this distance, the 


main contributions to the dilution allocated drains make jet effects. Turbulent diffusion processes 


should not affect the nature of the different dilution rates. In this case, if the limiting of pollutant 


i-th index in the control alignment will execute СRLiR ≤ CRMPCiR inequality, then this inequality is 


guaranteed to be performed for other pollutants. If there is a substantial rearrangement of the 


structure of the jet stream with waste water disposal, you need an appropriate allocation of 


dependencies used by equation (1). Thus, it is necessary to use modern hydrodynamic model for 


the correct assessment of the mixing functionsP5F


6
P. 


An additional, independent guarantee of correct implementation of the regulated 


wastewater is an automated continuous monitoring of the state of water quality in the 


background, and in the control alignments. We emphasize that the continuous monitoring 


organization costs will be lower than the charges for wastewater under the current system.  


If according to the monitoring of limiting the excess water MPCi will be observed, the 


adjustment should be carried out volumes of wastewater discharge in the direction of reducing 


costs. 


Practical experience scattering calculations water outlets at a controlled discharge of 


wastewater to Verkhnekamsk potassium and magnesium salts considered inP6F


7
P. 


5Lepikhin A.P., Miroshnichenko S.A. Features setting the "background" concentrations in natural watercourses // 
Water Management Russia. 2002. №3. P. 247-262.  
6  Lepikhin A.P., Lyubimova T.P., Parshakova Y.N., Tiunov A.A. Numerical modeling of dilution and transfer of 
highly mineralized brines in turbulent flows // Computational continuum mechanics. 2010. № 5. P. 68-79. 
7 Bogomolov A.V., Lepikhin A.P., Lyubimova T.P. and others. Specifics of scattering water outlets for removing 
excess brine to water bodies. // Water Management Russia: problems, technology, management. 2016, № 2, P.72-
87. 


                                                           







Water resources utilization strategies  


for Chinese arid inland river basins 


Jingjie YUP


1，2
P  


Professor in hydrology and water resources. 


P


1 
PKey Laboratory of Water Cycle & Related Land Surface Processes, Institute of Geographic Sciences and 
Natural Resources Research, Chinese Academy of Sciences, , Beijing 100101, China; 5TUyujj@igsnrr.ac.cnU5T 


P


2
P The University of Chinese Academy of Sciences, Beijing 100049, China 


Abstract 


Chinese arid inland river basins account for about 30% of the Chinese earth territory , 


where water is scarce and the environment fragile. Water resources development and 


utilization caused serious problems which threaten sustainable development in the 


region. The measures for rehabilitating degraded ecosystem have been implemented.  


This presentation mainly focus on: 1) water related problems caused by water 


utilization in Chinese arid inland river basins; 2) corresponding measures and effects; 3) 


challenges and strategies for better water use management; 4) scientific research needs. 


And finally, give a brief introduction of author’s research in the lower reaches of Heihe 


river basin.  


Key Words:  arid inland river basin, water related problems; better water use 


management,  challenges and strategies,  scientific research needs,  Heihe river basin  



mailto:yujj@igsnrr.ac.cn





The ensemble scenarios projecting runoff changes in large Russian river 
basins 
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1TThe presentation discusses an approach to a long-term forecast of river runoff changes for 


Russian large river basins in the first third of the XXI century caused by climate warming and 


social-economic changes.  


1TMetodology 


1TThe approach taken to create a long-term scenario projection of river runoff changes in large 


Russian river basins in the first third of the XXI century includes two methods: (1) a monthly 


water balance model generating scenario estimations of runoff changes for a range of potential 


climate warming scenarios based on the generalization of calculated results obtained by using an 


ensemble of global climate models and (2) a method for alternative scenario estimations for the 


water management system transformation caused by socio-economic changes and their impact 


on the river runoff. 


1TMonthly water budget model and its application to the largest river basins of the Russian 


Plain are considered in detail in the following publications: Georgiadi & Milyukova [2002] and 


Georgiadi et al. [2010, 2011]. This model can be categorized as one of a number of macro-scale 


hydrological models that have been developed in recent years. The approach considers runoff 


changes under a range of possible climate warming. This range is chosen by generalizing the 


calculation results obtained by using an ensemble of global climate models within CMIP 3 and 


CMIP 5 experiments for two contrasting scenarios (A2/RCP 8.5 and B1/RCP 2.6) of globally 


averaged air temperature rises. 
1TThe methodology of estimating the impact of socio-economic changes on river runoff 


[Koronkevich, 1990; Georgiadi et al., 2008, 2011] is based on the assumptions of different rates 


of socio-economic development of a country and its regions and on the scenarios built around 


using different levels of water consumption and the water system protection technologies in 


place.1T 1TMajor water consumers (household and industrial water use, irrigation, and rural water 


supply) are taken into account. Scenarios of household water use changes are recognized with 


regard to urban and rural population dynamics. Scenarios of accelerated, moderate, and 


minimum socio-economic development are considered. The scenarios are based on the current 
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specific level of water consumption and its maximum, average, and minimum decrease. Changes 


in storage evaporation rates and land use effects are also taken into account. 


1TMain trends for river runoff changes under climate warming 


1TRelatively close scenario changes of air temperature and atmospheric precipitation in the 


first third of the XXI century may result in varying character of hydrological consequences in the 


Volga and Don basins. Annual runoff in the Don basin may be expected to have small changes 


under the conditions of all considered scenarios. Whereas the Volga runoff most possibly would 


increase in A2, RCP8.5, and RCP2.6 climatic conditions scenarios by approximately 10%, but in 


the B1 scenario changes may be less notable (Fig. 1). 


1TThe response of the intra-annual runoff structure to scenario climate changes is also quite 


different for the Volga and Don basins. A flattening-out of the flood wave can be expected for 


the Don river, while on the Volga river, on the contrary, in the month of the highest runoff 


during flood there may be a runoff increase, whereas the runoff of the next month can decrease. 


The winter runoff can increase both on the Volga and on the Don; however, the summer-autumn  


 
1TFig. 1. Observed and expected in future (2025-2030) water abstraction in the Don (1) and Volga 
(2) basins, and the projected change in their mean annual river runoff in the third three decades 
of the XXI century with contrasting scenarios of global climate warming A2/RCP8.5 and 
B1/RCP2.6 (as a percentage of the mean annual runoff). 
1Ta - the existing situation; в - the most favorable scenario of economic development and the 
current specific water consumption; c - moderate rates of economic development and reduced 
specific water consumption; 3 – total water withdrawal; 4 – consumptive water use. 


 


1Trunoff on the Volga may be lower than the recent runoff; and on the Don it may be higher. 


1TProjected changes in the water consumption 







1TThe long-term forecast for anthropogenic changes in the Volga and Don runoff has been 


significantly refined compared to the previous one [Georgiadi at al, 2014a, 2014b]. This is due to 


a number of circumstances that have arisen in the last few years. Refined results of the 


calculations have shown that keeping the existing specific water consumption rates in the Volga 


and, in particularly, the Don basins is unacceptable since under any scenario, this imposes an 


excessive load on the water elements of the environment, mainly on the river runoff.  


1TWith the most favorable scenario of economic development and the current specific water 


consumption, water abstraction, compared to the existing situation, can increase twice on 


average and reach 17% of the mean annual runoff in the Volga basin and almost 40% in the Don 


basin, which is unacceptable in respect to water economy and ecology. However, a close to the 


current level water abstraction can be maintained with specific water consumption reduced by a 


factor of 1.2–1.3 and moderate rates of economic development (Fig. 1). 


1TReduction in specific water consumption based on the known technological solutions, 


primarily those intended to avoid non-productive water losses, would result in a substantial 


decrease in major water consumption indices. Moreover, under one of the scenarios of economic 


development and the greatest level of introduction of new technology, a decrease in the 


anthropogenic load on water resources can be achieved to be lower than or approximately equal 


to the current levels, with a significantly higher standard of living attained.  


1TConclusion 


1TThe proposed ensemble approach to the long-term forecast scenario of runoff changes in 


large river basins, related to the socio-economic transformation and global climate warming, 


allows for the estimation of a range of runoff changes in the Volga and Don basins that can be 


expected in the first three decades of the XXI century. 


1TUnder the most favorable scenario of economic development and the current specific water 


consumption, water abstraction can increase by as much as three times compared to the current 


situation and reach a critical level, which would have an adverse effect on the water management 


system and the environment. However, the current water abstraction levels can be maintained 


with specific water consumption reduced by a factor of 1.5 and with moderate rates of economic 


development. Under global climate warming scenarios, the mean annual Volga river runoff can 


increase, which, to a certain extent, offsets the negative impacts of water abstraction growth. 


However, this compensation to the negative impacts would not occur in the Don river basin, 


where negative effects are expected to take toll on the regional environment. 
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1.The ensemble scenarios projecting runoff changes in 


Volga and Don River Basins in the first three decades 


of the 21st century caused by climate warming and 


socio-economical changes.  


 


2.The contribution of climatic and anthropogenic factors 


for scenario river runoff changes. 


Objectives  
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Long-term phases of increasing and 
decreasing naturalized annual and 


seasonal runoff of the Volga (1) and 
Don (2) rivers 
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Winter and summer-autumn runoff are changed  
almost synchronously on the Volga and the Don.  
Phases of runoff decrease and increase in last   
decades are observed. 
 
Character of the changes in annual runoff and  
flood runoff is different although the 1930s  
changes occurred synchronously. 


Curves of cumulative sum of normalized annual 
values of runoff. 


a - year, b - flood, c - winter, d - summer-fall  
 







Climatic Research Unit Datasets 
(http://www.cru.uea.ac.uk/cru/data)  


Long-term phases for changes of annual air 
temperature and atmospheric precipitation averaged for 


river basins 


Curves of cumulative 
sum of normalized 
annual values 







Anthropogenic Factors for River 
Runoff Changes 


flow regulation 
and additional 
evaporation  


household and 
industrial 
water use 


irrigation 
and rural 
water supply 


rain-fed 
farming 


forest felling 


urbanization 
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Impact of anthropogenic factors (mainly 
flow regulation by water reservoirs) leads 
to significant shift of the last phase of 
the long-term changes in runoff to earlier 
years, most notably for the winter, 
summer-autumn and flood runoff. 
 
Long-term phases for naturalized and 
anthropogenicaly transformed runoff for 
annual runoff are synchronous. 







Volga, Volgograd  
 
Watershed area - 1360 thou.sq.km 


Mean annual runoff - 259 cub.km 


Volume of water reserves (full/useful) - 
194.72/88.54 cub.km 


Don, Razdorskaya  
 
Watershed area - 378 thou.sq.km 
Mean annual runoff - 26 cub.km 
Volume of water reserves (full/useful) - 
27/12.4 cub.km 
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The projection of river runoff changes for  
long-term period in the future (during XXI century)  
is complicated by uncertainties of future climate and  
socio-economic changes. 
 
That is why we choose scenario approach. 
 
Mean annual and seasonal river runoff changes due to 
climate warming are estimated for 2010–2039 period and 
due to social - economic changes for 2025-2030. 







INTEGRATED RUNOFF 


CHANGES 


Runoff changes due to climate warming Runoff changes due to socio-economic 


changes 


Monthly Water Balance Model Method for alternative scenario of water 


consumption 


CMIP3 and CMIP5 


scenarios of climate 


warming 


Three scenarios of 


population change 


Three scenarios for 


economic 


development 


Four scenarios for 


specific water 


consumption change  







The model is based on a conservation equation of average long-term 
monthly water balance of river catchments.  In general it can be 
written down for each cell of a regular grid in the following way: 


dtdWtItEtPtQtQ dgrs /)()()()()( 


Qs (t)  - the total surface and subsurface (seasonal active layer) flow (mm) 
Qgr (t) - groundwater flow (mm) 
Qs (t) + Qgr (t) - full river runoff 
P (t) - atmospheric precipitation (mm)  
E (t) - evaporation (mm) 
Id (t) - infiltration of water to deep horizons of underground water outside of 
active water exchange zone (mm)  
dW/dt  - change of water amount in active water exchange zone of the river 
basin for the time interval dt 


Monthly Water Budget Model 







water 
accumulation in 
the snow cover 


and snow melting 
(based on 


V.D. Komarov’s 
method 


movement of the 
freezing front 


calculated from a 
simplified solution 


for classical 
single-front 


Stefan problem  


The model simulates the following 
processes:  







River Runoff  


Tt<Tкр- calculation of 
active layer freezing 


T>=Tкр- calculation of 
active layer thawing 


T>=Tкр– calculation of 
soil moisture reserve 
changes in thawing soil 
layer 


Active layer 


Horizon  of underground water 
 


Calculation of water filtration 
into deeper  horizon  of 
underground water 


EVAPORATION PRECIPITATION 


T<Ttкр- water 
accumulation in 
snow cover 


Tt>=Ttкр– snow 
cover melting, 
receipt of melting 
and rain water on 
land surface 


Surface and 
Subsurface Flow  


Flow from  
Underground 


Horizon  


Principal scheme of monthly water budget estimation in 
river basin          







1- B1 2 – A1В 3 – A2 
1 – RCP 2.6 2 – RCP 4.5  
3 – RCP 6.0 4 – RCP 8.5 


CMIP3 
CMIP5 


The range of probable climatic changes, which is estimated by calculating mean 
annual deviations of climatic elements for the 2010-2039 (conventionally 
referred to as 2025) from their recent values, is used as a climatic scenario.  
The calculations in water balance model are made for the two scenarios using 
the most (A2 and RCP 8.5) and the least (B1 and RCP 2.6) intensive rises of 
globally averaged air temperatures. Calculation results obtained by using ten 
global climate models for CMIP3 scenarios [Meehl et al., 2007] and about 30 
global climate models for CMIP5 scenarios (http://cmip-pcmdi.llnl.gov/cmip5/) 
were incorporated.  







CMIP3 


1- B1  
2 – A1В  
3 – A2 


The ten the “best” climate models, which 
were chosen by A.V. Kislov with co-authors 
[Kislov et al., 2008] from 23 climate models 
by comparing the present-day observed 
climatic conditions with the simulated ones 
in case of CMIP 3, while to estimate the 
runoff changes by the CMIP 5 scenarios, 
the results obtained from all climate models 
included in this program are used. The range 
of scenario deviations of mean monthly air 
temperatures and precipitation totals is 
determined for each of the scenario 
ensemble mentioned by averaging the 
calculated results obtained from each of the 
climate model chosen. 







Climate Model      Country 
CCSM3 USA 


CNRM-CM3 France 


CSIRO-Mk3.0 Australia 


ECHAM5/MPI-OM Germany 


GFDL-CM2.0 USA 


GFDL-CM2.1 USA 


INM-CV3.0 Russia 


MIROC3.2 Japan 


MRI-CGCM2.3.2а Japan 


PCM USA 
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Method for assimilation of climatic scenario modeling based on GIS 







Scenario for water consumption changes are 
based on: 


Specific 
water 


consumption • Existing 


• Maximal reduction 


• Moderate reduction 


• Minimal reduction 


Socio-
economic 
develop-


ment • Accelerated 


• Moderate 


• Minimal 


Population 
dynamics 


• Maximal 


• Moderate 


• Minimal  agricultural 
activities on 
watersheds 


evaporation 
from 


reservoirs 







(1) the total water 
amount abstracted;  


(2) the total water 
amount used;  


(3) the water amount 
used to meet 
production needs; 


  


(4) the water amount 
used for domestic 
water supply;  


(5) the water amount 
used for irrigation;  


(6) the total sewage 
amount discharged.  


the Volga River basin the Don River basin 


Water consumption dynamics in the 
Volga and Don river basins are in many 
respects close to that which is typical 
for Russia as a whole. This makes it 
possible to use economic and water 
consumption changes predicted for the 
whole of Russia when working out basin 
scenarios. 


Water consumption indices in Russia as related to those in the  
Volga and Don basins (in mln m3/year in 1990, 1995, 


2000, 2005) 







Pre-prediction 
stage: 


• general orientation of the method development;  


• analysis of natural conditions and space-time 
regularities of water resources distribution and water 
resources quality;  


• analysis of economic activity and its impact on water 
systems; 


•  analysis of water system state dynamics;  


• selection of operating units 


Prediction 
stage: 


• consideration of the expected natural hydrological and 
climatic situation;  


• consideration of predicted population and economic 
development;  


• estimation of probable changes in water use technology;  


• consideration of the aggregate of anthropogenic and 
natural climatic factors;  


• scenario verification from water economy balances 


The General Algorithm for the Scenario Estimations 







Selected Results 







SCENARIO CHANGES OF REGIONAL 
CLIMATE AND RIVER RUNOFF IN 
THE FIRST THREE DECADES OF 


THE 21st CENTURY  







Climatic changes  
 


In the first three decades of the XXI century, 
the mean annual air temperature in the Volga and 
Don river basins is expected to rise by 1.4–2.1º С 
and 1.3–2º С, respectively. Air temperature 
changes according to CMIP 5 scenario are 
slightly more notable (by 0.1–0.2). According to 
the scenarios, the mean annual atmospheric 
precipitation will increase in the Volga basin by 
32-46 mm (the A2 and RCP 8.5 scenarios) and by 
24-42 mm (the B1 and RCP 2.6 scenarios) and in 
the Don basin by 10-31 and 13-26 mm, 
respectively, which is within the limits of 5-8% 
for the Volga and 2-5% for the Don as it relates 
to its recent values. Intra-annual distributions of 
air temperature and atmospheric precipitation 
scenario changes in the Don basin were quite 
similar for each scenarios; however, the figures 
for the Volga basin were substantially different.  
 
2025 denotes 2010-2039 period  
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Main Trends for River Runoff Changes (mm)  


The Volga 


The Don 


Relatively close scenario 
changes of air temperature 
and atmospheric 
precipitation in the first 
third of the XXI century 
may result in varying 
character of hydrological 
consequences in the Volga 
and Don basins. Annual 
runoff in the Don basin may 
be expected to have small 
changes under the 
conditions of all considered 
scenarios. Whereas the 
Volga runoff most possibly 
would increase in A2, 
RCP8.5, and RCP2.6 climatic 
conditions scenarios by 
approximately 10%, but in 
the B1 scenario changes 
may be less notable.  







SCENARIO OF MEAN ANNUAL RIVER 
RUNOFF CHANGES DUE TO  


SOCIAL-ECONOMIC SHANGES  
FOR 2025-2030   







a - the existing situation;  
в - the most favorable scenario 
of economic development and the 
current specific water 
consumption;  
c - moderate rates of economic 
development and reduced specific 
water consumption;  
3 – total water withdrawal;  


4 – consumptive water use  


With the most favorable scenario of economic development and the current specific water 
consumption, water abstraction, compared to the existing situation, can increase twice on average 
and reach 17% of the mean annual runoff in the Volga basin and almost 40% in the Don basin, 
which is unacceptable in respect to water economy and ecology.  
However, a close to the current level water abstraction can be maintained with specific water 
consumption reduced by a factor of 1.2–1.3 and moderate rates of economic development. 
Reduction in specific water consumption based on the known technological solutions, primarily those 
intended to avoid non-productive water losses, would result in a substantial decrease in major 
water consumption indices. Moreover, under one of the scenarios of economic development and the 
greatest level of introduction of new technology, a decrease in the anthropogenic load on water 
resources can be achieved to be lower than or approximately equal to the current levels, with a 
significantly higher standard of living attained.  


Observed and expected in future (2025-2030) water abstraction in the Don 
(1) and Volga (2) basins, and the projected change in their mean annual 


river runoff in the third three decades of the XXI century with contrasting 
scenarios of global climate warming A2/RCP8.5 and B1/RCP2.6 (as a 


percentage of the mean annual runoff)  







A.G. Georgiadi, N.I. Koronkevich, I.P.Milyukova, 
E.A.Kashutina, E.A. Barabanova.  
Contemporary and Scenario River Runoff 
Changes in the Largest River Basins of 
Russia. Part 2. The Volga and Don river 
basins: - Moscow: MAKS Press, 2014. – 216 p.  
 
The results of studies for contemporary and 
scenario river runoff changes in the Volga and 
Don basins, probable in the first third of the 
XXI century, under the influence of the global 
climate change and socio-economic 
transformation are presented. Originality of 
these investigations lies in the fact that there 
were revealed long-term phases of changes for 
the naturalized annual and seasonal Volga and 
Don river runoff since the end of the XIX to 
the beginning of the XXI century, and their 
affection by the complex of anthropogenic 
factors are revealed, and the integrated 
assessment of changes for the river runoff, 
based on ensemble of climatic scenarios and 
alternative scenarios of water consumption is 
given as well. 
 
Key words:  river basins, river runoff, hydrological 
changes, long-term phase changes, climatic and 
anthropogenic factors, climate and hydrological 
scenarios changes, hydrological models 











Questions of applying the method of statistical tests (Monte-Carlo) to estimate 
errors of sample estimates of numerical characteristics of  data series of 


hydrological observations 
 


V. A. Shelutko P


1 2    
P, S. Y. Dolinnaya  


 
1 RSHU, Saint-Petersburg 
2 RSU, Saint-Petersburg 
 


In hydrological engineering calculations has always paid much attention to op-
determination accuracy of the calculations of numerical characteristics of river runoff on the 
existing series of observations. On the basis of its recommendations for the evaluation of 
numerical characteristics have been developed widely recognized in Russia and quite fully 
reflected in guidance documents. 


However, on the practical implementation of the Monte-Carlo method in this area, a 
number of issues that have not yet been sufficiently covered in the literature. 


Firstly, in the simulation method of this series problem arose ordinate extrapolation beyond 
the data table shown in the tables. 


Secondly, at the Monte Carlo simulation method, in some cases by curves of provision of 
Pearson type 3 obtained negative values, that contradict with the physical nature of the river 
runoff. 


Thirdly, in order to avoid the appearance of negative values in the modeling of annual 
runoff series method was used, and the normalization of relations of G.A.Alekseev's 
linearization. Without taking into account the smoothing effect of this method, which could lead 
to an increase in negative bias dissipation characteristics. 


To address the first question in the development of standards for evaluation of numerical 
characteristics used actual conversion interval of possible security values (0-100%) - in the 
tabular interval from 0,01 to 99,9%. We can show that this transformation leads to some 
overestimation of the importance of providing small and large decrease, i.e. distorted to some 
extent not only the extremes of distribution, is not included in the table, but also the adjacent 
values. With this in mind it was proposed to make extrapolation beyond the data in the table by 
linear or non-linear extrapolation on two or three previous tabulated values of P and X, or take in 
all P <0,01 value of P = 0,01%. 


A comparison of these extrapolation methods based on numerical experiments showed that 
the difference between the numerical characteristics of the simulated series - 1, 2 and 3, the 
embodiment does not differ by more than 0,1 - 0,2%. Thus the choice of the extrapolation 
embodiment essentially does not change the results of the analysis of numeric characteristics 
calculation errors. On the other hand, as shown by the calculations, in the simulation to 
determine the extreme values better still, use the first or second extrapolation that does not 
distort the actual values at low and high security. 


More difficult was the second issue related to the appearance of negative values in the 
ranks in the modeling flow of the Monte-Carlo method, for example, using the law of 
distribution of the Pearson type 3. The fact that these laws are one-dimensional. Meanwhile, 
much time and space-time series of the average annual and peak flow are in-row communication, 
and to describe their use, for example, simple or complex Markov chain. In this case, the 
application of the law of distribution of the Pearson type 3 is not sufficiently substantiated, and it 
is possible that the appearance of negative values is the result of the presence of row-connection. 


To confirm this conclusion were conducted numerical simulations by modeling the series 
flow at Pearson 3 types of security curve for different values of the initial parameters (coefficient 
of variation Cv, the asymmetry coefficient Cs and the correlation coefficient of the related values 
of members of a number of r1. The volume of each simulated sequence was 1,000,000 members. 







As can be seen from the data, the absence of correlation values between the adjacent row 
(r1 = 0) at any ratio and variation ratio of Cs to Cv (Cs ≥ 2Cv) negative values in simulated rows 
not observed. C increase in the related values of the correlation coefficient r1 begin to appear 
negative values, the more, the more the correlation coefficient. Interestingly, in each model and 
for different values of Cv with increasing closeness of adjacent values of the coupling there is an 
increase in absolute value of both the minimum values, and the number of outputs of the curve of 
security in the negative region. Thus, apparently, the main cause of negative values is row-to-
presence communication. If this connection is not available, then for any coefficients of variation 
and asymmetry of all the values of simulated sequences greater than 0. 


Finally, the third stop on the above questions. In order to make the simulated number was 
not negative values A.V. Rojdestvensky applied normalization and linearization method [6] 
developed by G.A.Alekseev [ ]. 


However, such a transformation in our opinion due to the smoothing of the initial 
information, and hence to an underestimation of the possible numerical values characterized 
Stick, and hence an overestimation of the possible negative bias estimates of numerical 
characteristics. Indeed, the normalization of the initial information is performed on the 
theoretical curves of provision. Reverse transition from the normalized values to the original 
produced curve or security or communication and normalized baseline. In this and in the other 
case is not considered empirical variation points to the theoretical curve or link security, leading 
to a smoothing of data and hence reduce the variance modeled on the actual number of series 
dispersion. Thus, using the method of normalization in this case could lead to quite significant 
negative shift dispersion. 


 
Conclusion 


 
1. Application of Pearson type 3 distribution law and other one-dimensional distribution 


laws do not take into account the availability of In-row connection, it can lead to serious 
miscalculations in the evaluation of extreme runoff values. 


2. When assessing the errors and bias estimates of numerical characteristics on the basis of 
the Monte Carlo methods listed extrapolation curves possible security ordinate values beyond the 
tabulated data gives similar results. However, the accepted method of extrapolation 
underestimates maxi mum values while providing 0,01 to 0,1%, which is undesirable particularly 
in the calculation of maximum flow. 


3. Appearance of negative values in the simulated by Monte-Carlo method, ranks runoff is 
determined by the presence of in-row connection. 


3. Accepted modeling techniques based on the use of one-dimensional distribution laws of 
the random variable, with sufficient validity may only be used when there is no row-
communication or in the case where the correlation coefficient communication related values of 
less than 0,3. 


4. Application of the simulation series Photo Monte-Carlo normalization method and 
linearization of Alekseev leads to an overestimation of the negative bias Cs and Cv. 
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Implementation Issues algorithms determine the error 


estimates of numerical characteristics on the basis of 


the Monte Carlo method 


 


 


Ekstrapolation of tabular data of normalized ordinate of distribution 


law Pearson type 3 by using the Monte Carlo method 


 


The emergence of a number of cases of negative values in the 


description of the series flow distribution law Pearson type 3 and 


simulated samples 


 


Application of normalization of relations and linearization when 


modeling runoff series to avoid the appearance of negative values 
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Aims and objectives 


Aim:  Explore the issues of application of the Monte Carlo method to 


 determine the error estimates of numerical characteristics of 


 runoff series 


 


Objectives: 1. To consider three methods of extrapolation curves 


ordinate security Pearson third type outside the table data 


             2. To analyze the causes of the negative values of the runoff 


in the description of the series flow distribution law Pearson third 


type and simulated by the Monte Carlo samples 


             3. To analyze the effect of the method of normalization of 


relations and linearization on the results of numerical characteristics 


of error estimates based on the Monte Carlo method. 
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Analysis methods of extrapolation curves ordinate 


security Pearson type 3 out of table data 


Methods of extrapolation: 


1. Converting interval ordinate values according to the formula: 


       


 


 


где Р' (0—100 %) - the possible values of securities in the range from 0 to 1 ,   


Р  probability value conversion (b — а) — original imterval (0, 1);  


(d – с) — modified interval. 


2. Lack of extrapolation beyond the tabular data 


3. Linear or nonlinear extrapolation, respectively, two or three previous values 
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Numerical characteristics of the simulated series in 


different types of extrapolation 


CV Variant No  


CS =2 CV CS =6 CV 


mx CV CS mx CV CS 


0.2 


1 
0,9998 0,2010 0,400 


1,001607 0,202244 1,203048 


2 
0,9998 0,2010 0,401 


1,001609 0,202238 1,202987 


3 
1,0003 0,2004 0,412 


1,001911 0,201968 1,202579 


0.4 


1 
1,0024 0,4048 0,801 


1,002551 0,401105 2,369511 


2 
1,0024 0,4048 0,801 


1,00255 0,401095 2,368814 


3 
1,0032 0,4041 0,806 


1,00284 0,400773 2,357674 


0.6 


1 
1,0059 0,6086 1,197 


1,00582 0,596179 3,627406 


2 
1,0059 0,6086 1,197 


1,005818 0,596155 3,625904 


3 
1,0068 0,6080 1,197 


1,006067 0,595527 3,602084 


0.8 


1 
1,0062 0,8080 1,598 


1,020515 0,836828 4,87425 


2 
1,0062 0,8080 1,598 


1,020513 0,836798 4,873028 


3 
1,0071 0,8075 1,594 


1,020733 0,835945 4,850789 


1.0 


1 1,0124 1,0172 1,974 
1,028037 1,060149 5,930486 


2 1,0124 1,0172 1,974 
1,028033 1,060082 5,927885 


3 1,0132 1,0159 1,951 
1,028196 1,058519 5,89054 
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Examples of conversion 


Р’ P CS Cv k K   


0,001 0,002 2 CV 


 


0,5 4,60 4,69 


4  0,5 7,88 8,10 


1,0 23,2 24,1 


6 







Conclusions 


    1. Selection of the extrapolation table option in effect 


does not change the results of the analysis of numeric 


characteristics calculation errors 


 


2. More importantly selection options bridging effect in 


determining the extreme values 


 


3. Since the same results of numerical characteristics of 


error estimates for the third method of evaluation to some 


extent reduces the extreme values of flow its use is not 


desirable 
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Analysis of the causes of negative values in the 


description of the series flow distribution law 


Pearson type 3 and simulated by the Monte Carlo 


samples 


 
The boundary conditions for the application of 


security curves Pearson type 3: Some data is purely 


coincidental, then there is a row-bond is absent,  values can 


change from 0 to ∞ 


The distribution of a single modal  


Cs ≥ 2Cv   
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The number of negative values (n) and the minimum values 


of modular ratios (kmin) in a sample of size N = 1 000 000 


on the basis of the law of distribution of the Pearson type 3 


(Cs = 2Cv), for different values of r1 and Cv 


r1 
CV = 0,2 CV = 0,4 CV = 0,6 CV = 0,8 CV = 1,0 


kmin n kmin n kmin n kmin n kmin n 


0 0,470 0 0,168 0 0,037 0 0,002 0 0,000 0 


0,01 0,466 0 0,161 0 0,029 0 -0,006 288 -0,001 3612 


0,05 0,449 0 0,133 0 -0,007 10 -0,044 3032 -0,050 17521 


0,10 0,429 0 0,105 0 -0,053 343 -0,960 8152 -0,103 32643 


0,15 0,398 0 0,048 0 -0,095 1035 -0,148 13696 -0,160 46118 


0,20 0,393 0 0,045 0 -0,142 1978 -0,207 19743 -0,218 57714 


0,25 0,366 0 0,002 0 -0,196 3430 -0,267 25459 -0,282 69946 


0,30 0,355 0 -0,040 11 -0,255 4823 -0,323 31349 -0,349 78861 


0,35 0,338 0 -0,072 39 -0,305 6516 -0,385 36464 -0,412 88200 


0,40 0,305 0 -0,105 99 -0,330 8339 -0,463 41997 -0,495 96182 


0,45 0,294 0 -0,164 168 -0,391 10502 -0,515 47349 -0,567 103458 


0,50 0,277 0 -0,140 269 -0,516 12711 -0,612 52657 -0,667 110959 
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Fig. 1 original series Curves provision (-), a 


deterministic component (-), the random 


component (-) 10 







Analysis of the results 


1. If there is no row-connection (r1 = 0) for all values of 


CS CV and negative values in simulated no ranks 


    2. If there is row-communication in the simulated series 


appear negative values 


    3. Negative values and their value increases with 


closeness of the connection 


    4. In-row connection available a large impact on the 


number and magnitude of the negative values has a 


coefficient of variation 


    5. Curve security Pearson type 3 random component 


flow fluctuations do not go into the negative region  


11 







Application of the normalization of relations and 


the linearization algorithm simulation series drain 


to avoid the appearance of negative values 


Driving method of normalization of relations and linearization 


Original array → rank numbers → probabilities → ordinates of the normal 
distribution→ transition back on the table y-law distribution of the Pearson 3 type 


 The disadvantage: do not take into account the spread of empirical points 


with respect to the theoretical security curve. 


 Consequence: reduction of a number of the analyzed dispersion  


 Scheme for the initial series of observations of the experiment:  
calculation of numeric characteristics → array ranging → calculation of the 
original series of empirical probabilities → the construction of the theoretical 
curve for the provision of numerical characteristics of the original series → 
determining values for a number of theoretical probability curve → calculation 
of numerical characteristics of the resulting series. 
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Dispersions of the original series and the deviation from the 


theoretical curve security Pearson type 3  


 


Number of terms Dispersion of original array Dispersion of fluctuation 


Ratio of dispersion of 


original array and dispersion 


of fluctuation in % 


20 94.5 12.1 12.8 


40 97.2 9.6 9.9 


60 98.6 8.5 8.6 


80 99.2 8.1 8.2 


100 99.5 8.1 8.1 
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Conclusions 
1. These methods of extrapolation possible runoff values beyond the 


tabulated data gives similar results when assessing the numerical 


characteristics based on the Monte Carlo method. However, the method of 


extrapolation by the formula (3) underestimates the maximum value while 


providing 0.01 and 0.1%, which is undesirable particularly in the calculation of 


maximum flow 


2. The appearance of negative values in the simulated Monte Carlo ranks 


runoff based on the law of distribution of the Pearson type 3 is determined by 


the presence of row-connection. 


3. Accepted modeling techniques based on the use of the law of distribution 


of Pearson type 3 and apparently other-dimensional distribution laws can be 


applied with sufficient validity only if no row-communication or in the case 


where the correlation coefficient communication related values of less than 0.2. 


4. Application of the simulation series Photo Monte Carlo 


normalization method and Alekseev’s linearization leads to an 


overestimation of the negative bias of CS and CV  
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Thank you for attention! 
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RHYTHMIC OSCILLATIONS OF WATER FLOW IN OF THE URAL RIVER. 
 


Myakisheva N. V.* Vtorova, A. I.** 


*Russian state hydrometeorological University 


Russia, Saint-Petersburg, Malookhtinsky prospect - 98, e-


mail:natalia.myakisheva@yandex.ru** Division of water resources of the Chelyabinsk region Nizhne-


Ob basin water management 


Russia, Chelyabinsk, Kalinina str-13A, e-mail: avtorova86@mail.ru 


The analysis of long-term and intra-annual fluctuations in the water content of the upper 


reaches of the Ural river (the territory of the Chelyabinsk region) using data of average monthly water 


consumption and monitoring data on air temperature and precipitation. For their 


analysis involved quantile analysis of the data and methods low-pass filtering Butterworth. 


 


The upper reaches of the Ural river – the main water artery of the Chelyabinsk region. At 


this site mining, metallurgical, engineering and energy companies. The problem of preservation of 


water resources is particularly acute. 


The Ural river belongs to the group of rivers with the spring flood of the East-European 


type according to the classification B. D. Zaikova. For the Urals is characterized by: high spring 


flooding and very low in winter low-water period. The river is regulated by reservoirs. In its upper 


flow function Verkhneuralsk and Magnitogorsk reservoir, altering the natural hydrological regime of 


the river. 


Study of water regime of the Ural river in natural and man-disturbed conditions is relevant.To 


solve the set tasks we used the observations of water flow in the Ural river at 4 posts: town of 


Verkhneuralsk, S. Kizilskoe, Verkhneuralsk and Magnitogorsk reservoir. 


The observation period is from 1932 to 2015 Data observations of air temperature and 


precipitation weather stations is taken at the same localities during the period from 1932 to 2015. 


To analyze long-term variability were involved in the series of annual costs, which were 


considered as stationary random processes. Also for analysis of long-term variations in river 


runoff was used the annual series of values for characteristic months of the year, which were 


considered as stationary random processes. For their analysis involved quantile analysis of the data and 


methods low-pass filtering Butterworth. 


To establish the peculiarities of intra-annual fluctuations were used the series of average 


monthly expenditure, which was interpreted as a periodically correlated random processes. To 


summarize the results of the analysis used probabilistic models in terms of which assessed the effect of 


man-made structures on the river. 
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As a rule, when studying the climate system uses the offset information. With the uneven 


nature of the implementation of small volume it is recommended to 


calculate quantiles χmin, χ0 . 25, χ0 . 5, χ0 . 75, χmax. Each time series is considered as a realization of a 


random process χ(t), for the basic probabilistic characteristic which is a function of the distribution 


F(χp)  and its quantiles χp. 


As estimates of the distribution of data in the sample can be considered the mathematical 


expectation m and transredes value T*, and as estimates of the magnitude distribution, the variance 


of D or standard. 


Interannual (multi-year) variability of the river flow was analyzed traditionally through the 


ranks of average and extreme costs with the presence of wet and dry years. 


The hydrological series were checked for homogeneity. Used two-parametric criterion – 


criterion of Fischer and t-test. Verification of the original data series for homogeneity showed that the 


ranks of the Fisher test for all four positions is uniform. According to student's criterion homogeneous 


series only in the first two sections (the town of Verkhneuralsk Verkhneuralsk and reservoir.) the 


upper reaches of the Ural river.  


The results of quantile analysis of long-term variability given in table 1. 


To highlight trends in the segments of local nonstationarity of the used low-


pass filtering Butterworth. 


The generalization of the results of the analysis of interannual and intra-annual fluctuations of 


the river flow in terms of the model of autoregressive processes AR of the first order gives the 


possibility to use the parameters of these models to quantify the regulatory abilities of the reservoirs. 


The difference between the autoregression parameters of AR , calculated for water flow in the 


Ural river – describes the regulatory ability Verkhneuralsk and Magnitogorsk reservoir.  


The results of low-pass filtering of the average annual water consumption showed that on the 


Ural river according to the observations in S. Kizilskoe there is a trend in the increase of water 


content from the mid 70s to the end of the reporting period. 


To explain this trend we used the data values of air temperature and amounts of precipitation. 


The analysis of these data showed that increase in water content is mainly due to climate warming 


primarily in winter. It was also studied the geological report, which refers to the development of karst 


on the Western slope of the Urals within the Paleozoic continental shelf, with a powerful formation of 


terrigenous-carbonate rocks of the Paleozoic and Riphean. Sporadically, in the form of separate strips, 


karst fields observed in eugeosynclinal part of the Urals, especially in the Central part of the 


Magnitogorsk trough and in the East Ural uplift and the trough. 


The analysis showed that for the Ural river there are two main seasons: warm (April – 


October) high tides and storm floods, and cold (November – March) – stable throughout the winter. 







Summarizing the analysis of information, the rhythm of the river flow in terms of the model of 


autoregressive processes of first order AR  to evaluate the regulatory capacity of the reservoirs. 


 


Table 1 Statistical characteristics of the interannual variability. 


Ural river - the city Verkhneuralsk 
  χmin χ0.25 χ0.5 χ0.75 χmax R Q T* χВ χН m СКО 0.74Q 


Average 
for the 
year 


1,15 4,52 6,55 9,46 17,3 16,2 4,94 6,77 16,9 -2,89 7,26 3,58 3,66 


II 0 0,4 0,93 1,24 3,87 3,87 0,84 0,88 2,5 -0,86 0,88 0,65 0,62 


V 2,48 11,2 22,5 41,2 65,9 63,4 30 24,4 86,2 -33,8 25,7 16,2 22,2 


Ural river - The Verkhneuralsky reservoir  
Average 
for the 
year 


1,61 6,33 9,06 13,2 24,3 22,6 6,91 9,42 23,6 -4,04 10,1 5,05 5,11 


II 0 0,56 1,30 1,79 8,46 8,46 1,23 1,24 3,64 -1,29 1,37 1,37 0,91 
V 3,5 17,1 31,4 57,7 92,3 88,8 40,6 34,4 119 -43,8 36,2 22,5 30,0 


Ural river - The Magnitogorsk reservoir 
Average 
for the 
year 


3,14 9,71 13,9 19,1 34,4 31,3 9,37 14,1 33,1 -4,35 15,0 7,02 6,94 


II 0,00 1,08 1,96 2,81 9,87 9,87 1,73 1,95 5,41 -1,52 2,11 1,69 1,28 


V 6,20 27,0 47,7 82,7 131 125 55,6 51,3 166 -56,4 55,0 33,5 41,2 


Ural river - the village Kizilskoe 
Average 
for the 
year 


4,09 14,2 22,9 35,3 71,4 67,3 21,1 23,8 66,9 -17,5 26,8 16,4 15,6 


II 0,01 2,05 4,59 7,20 16,1 16,1 5,15 4,61 14,9 -5,68 5,22 3,90 3,81 
IV 1,02 53,7 85,2 147 500 499 93,3 92,8 287 -86,3 117 101 69,0 


Table 2 Numerical values of the estimates of the mathematical expectation of the costs of 


water m(t), variance D(t), autoregressive parameters φ1 and φ2 years of intra-annual course of runoff. 


Probabilistic characteristics 
of 1 2 3 4 5 6 7 8 9 10 11 12 


Ural river - the city Verkhneuralsk 


m(t), м3/с 1,09 0,90 1,21 27,8 28,0 10,2 8,24 6,08 3,62 4,39 3,03 1,59 
D(t), (м3/с)2 0,75 0,53 1,47 326 372 63,3 100 57,3 9,89 18,4 6,28 1,30 


φ1 0,85 0,75 0,38 0,35 0,54 0,72 0,54 0,71 0,83 0,89 0,70 0,88 


φ2 0,44 0,38 0,33 0,38 0,22 0,06 0,13 0,18 0,35 0,29 0,13 0,24 


Ural river - The Verkhneuralsky reservoir 
m(t), м3/с 1,50 1,30 1,60 38,3 37,1 13,9 11,1 7,8 4,8 5,8 4,1 2,1 


D(t), (м3/с)2 1,70 1,90 3,80 716 704 118 184 76,9 19,4 35,3 12,1 2,6 


φ1 0,94 0,93 0,30 0,37 0,56 0,73 0,63 0,79 0,83 0,90 0,73 0,86 


φ2 0,50 0,51 0,44 0,35 0,25 0,08 0,13 0,23 0,38 0,32 0,17 0,32 


Ural river - The Magnitogorsk reservoir 


m(t), м3/с 2,20 2,00 2,40 55,5 55,8 20,2 15,6 10,9 7,0 8,4 5,9 3,1 


D(t), (м3/с)2 2,90 3,10 5,90 1371 1479 236 324 126 35,2 66,1 21,5 4,9 


φ1 0,94 0,93 0,33 0,32 0,55 0,75 0,64 0,77 0,82 0,90 0,78 0,88 


φ2 0,51 0,53 0,44 0,31 0,20 0,02 0,11 0,21 0,40 0,31 0,20 0,34 


Ural river - the village Kizilskoe 


m(t), м3/с 5,44 5,22 7,80 117 84,9 25,3 20,3 15,0 11,0 12,4 9,81 6,95 







D(t), (м3/с)2 13,3 15,2 46,2 10189 4903 322 720 276 81,3 88,8 42,9 23,5 


φ1 0,95 0,67 0,47 0,44 0,65 0,41 0,74 0,85 0,83 0,68 0,76 0,88 


φ2 0,70 0,69 0,43 0,06 0,09 0,11 -0,01 0,06 0,17 0,17 0,42 0,48 
 







COMPENSATION PUMPING AS METHOD TO ALLEVIATE WATER SCARCITY 
 


Filimonova E.A., Shtengelov R. S., Maslov A.A., Maximova E.S. 
Lomonosov Moscow State University, Moscow, Russia, ea.filimonova@yandex.ru 


 
Today, in parts of many countries water crises can emerge as water shortages and 


droughts, floods or both, often aggravated by the consequences of climate change. They may be 


natural or caused by demands that exceed supply, lack of infrastructure or poor water 


management. They may be the result of waste or abuse resulting in pollution.  


Nine countries (including Brazil, Russian Federation, China and India) are the world 


giants in terms of internal water resources, accounting for 60 percent of the world’s natural 


freshwater [3]. Others, such as North and Southern Africa, the Middle East and parts of South 


Asia, South-East Asia and South America, suffer scarcity because of low annual rainfall. 


Water resources are also distributed unevenly in relation to the population. At a country 


level, there is an extreme variability in water resources: from a minimum of 10 m3/inhabitant in 


Kuwait to more than 100 000 m3/inhabitant in Canada, Iceland, Gabon and Suriname. The 


world’s population is growing by about 80 million people a year, implying increased freshwater 


demand of about 64 billion cubic metres a year. An estimated 90% of the 3 billion people who 


are expected to be added to the population by 2050 will be in developing countries, many in 


regions where the current population does not have sustainable access to safe drinking water and 


adequate sanitation [5]. 


In addition to spatial variability, there is a high variability in time. In the main climatic 


zones of the Russian Federation and India, the majority of surface water flow (60-80 %) is 


related to seasonal flooding. Many countries depend on dams and water harvesting systems to 


control irregular streamflow and store water. As result 60% percent of 227 largest rivers are 


divided by dams, canals and well fields [1].  


The situation is particularly acute in arid and semi-arid areas where rainfall periods are 


short and floods can be especially destructive. The duration of low-flow period can continue 6 


months and more. Poor infrastructure is additional problem, countries in Africa store only about 


4% of annual renewable flows, compared with 70%-90% in many developed countries. About 


340 million Africans lack access to safe drinking water, and almost 500 million lack access to 


improved sanitation facilities [5]. 


Dam constructions regularly leads to ecological disaster like Aral Sea Disaster or 


extremely fall of Colorado River level, so another way is required to increase available water 


resources.  


The lack of streamflow during dry seasons is especially significant for the small stream 


basins (streamflow rate 5-10 103 m/s during low-water periods) where the water demand is equal 







or higher than the low-water flow. Permissible surface water withdrawal is frequently disturbed 


and pumping rate or water demand is required to reduce.   


Compensation seasonal groundwater pumping in combined water system is a more 


beneficial method of mitigation of stream-flow deficiency during low-water periods. The source 


for the compensation well is the aquifer storage, which is the volume of groundwater mined from 


the aquifer. Short-term groundwater pumping allows the use of aquifer storage instead of stream 


flow until drawdowns of groundwater levels do reach the edge of the stream.  


The optimal conditions for compensation pumping are reached when the maximum value 


of the dimensionless ‘capacitance’ measurement between well location and stream edge is 


reached. The ‘capacitance’ is a complex, dimensionless parameter of an aquifer system that 


defines the delayed effect on steam flow of groundwater pumping. This parameter is a function 


of aquifer hydraulic characteristics, pumping time and distance between the well and stream 


edge, which can be associated with stream leakance and vertical leakance of an aquitard [2]. 


Groundwater and surface water interaction is at the core of combined-water use. Two typical 


hydraulic cases of combined water system have been classified depending on the relationship 


between surface water and groundwater [2]: 


1. CW is located in an alluvial aquifer that has a perfect hydraulic connection to the 


srtream or a imperfect one if the stream is lined with semipervious material 


2. CW pumps a confined aquifer separated from the alluvial aquifer by an impermeable 


layer. The hydraulic connection between the stream and the confined aquifer occurs 


indirectly through an alluvial aquifer and an aquitard between the alluvial aquifer and 


the confined aquifer 


Some researching problems exist in the estimation for combined water system: 


• investigation of annual and seasonal dynamics of streamflow to an exceedance 


probability of 95%; 


• evaluation of permissible streamflow withdrawal and the minimum permissible 


stream flow; 


• estimation of aquifer storage; 


• investigation of annual and seasonal dynamics of base flow; 


• determination of compensation well location; 


• calculation of stream depletion. 


 


Application of the combined water system makes it possible to meet water demands 


during water-limited periods and to avoid environmental problems. Organization of combined 


water system required cooperation scientists in different sphere of interests. 
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Floods in Siberia occupy one of  the leading places among natural disasters both on the area of  distribution and 
repeatability, and on real damage. Only over the last ten years large floods in Siberia happened in 2006, 2007, 
2008, 2012, 2013, 2014, 2015, 2016. Danger of  floods is characterized by their origin, repeatability, impact force, 
size of  damage and opportunities of  forecasting of  a dangerous situation.


Genesis of  floods. In Siberia most often floods arise during spring snow melting and summer rain floods. 
Spring snow melting floods are caused by snowmelt on the plain (a spring high water) or thawing of  snow and 
glaciers in mountains (a spring and summer high water). Rainfall floods (as a result of  rains) can cause bigger 
damage, because they have the highest repeatability and the high speed of  forming. Torrential floods arise in 
mountains and the foothills. Flooding caused by the formation of  hanging ice dams, congestion and icings. In 
Siberia, the number of  ice jams and flood damage caused by them, are very large, as the major Siberian rivers 
flow into the sub meridian direction, which contributes to congestion. Hanging ice dams floods are more rare in 
the region. Often floods caused by several factors simultaneously. Floods from break waves at possible damages 
of  dams are most dangerous. Flood plains below dams of  hydroelectric power station are densely populated, and 
damage, in case of  accident, can reach the huge sizes. Floods were always a natural limiting factor of  economic 
development of  inundated territories. Considerable floods of  various genesis on makrobasseyna of  Siberia 
during 1985-2013.


Floods in Siberia: Spatial-Temporal Analysis


According to flood damage the first place in Siberia [Taratunin, 2008] is occupied by rain floods in Chita, 
Irkutsk regions and the Republics of  Buryatia. Loss of  human lifes is invaluable damage from floods. For the 
period 1985-2015 in Siberia as a result of  floods 156 people have died. The maximum number of  the victims 
(70 people), was during a June flood in 2014 in the basins of  Ob and the upper Yenisey.


8 regions allocated in Siberia according to flood danger. 
I. West Siberian Plain region combines flat areas in the basins of  the Ob and Irtysh and is characterized by 
relatively frequent snow melting floods II-III classes of  danger, possibly with the imposition of  the rains and 
traffic congestion. Because of  the large population and the economic development of  the territory, flood 
damage can be significant.                                                                                                   
II. Verhneeniseysko-Verhneobsky mountain region covers the mountains in the upper reaches of  rivers 
Yenisei and Ob. The predominant causes of  floods are spring and summer sno melting, often with the 
imposition of  rain floods; possible summer rainfall floods. Class of  danger is II and III; damage in a relatively 
densely populated foothills can be significant.                                                                              
III. East Sayan mountain region cover the construction of  the East Sayan (eastern slopes) and Khamar-
Daban, Olkhinskoye plateau. The predominant cause of  the flood is the summer rains, which are associated 
with flooding III-IV class of  danger, in the foothills sometimes exacerbated by mudflows.                                    
IV. Trans-Baikal region includes the territory of  Trans-Baikal ridges and troughs in the Selenga Basin, Argun 
and Shilka. The region is characterized by relatively frequent floods II-III classes of  danger, which are the 
cause of  the summer heavy rains. Significant damage from flooding because of  the large population of  the 
area. On the shores of  Lake Baikal possible surge flooding of  class I, as well as backwater flooding from Lake 
hydroelectric dam.                                                                                                           
V. Vitim-Olekma mountain region includes ridges and highlands of  the North Trans-Baikal and the Aldan 
Shield. It is dominated by the rainfall and snow melting floods, significant share of  ice dams floods. Due to 
the specific morphology of  the valleys (high banks), and low population density the risk of  flooding does not 
exceed the Class of  danger II.                                                                                               
VI. Mid-Siberian region includes the territory of  the Central Siberian Plateau and the Central Yakut plain. It is 
the most extensive area of    the Yenisei, the Lena, Pyasina, Khatanga, Anabar, Olenek basins. The region is 
characterized by snow melting and ice dams floods. Although the area is very poorly mastered and settled, the 
majority of  settlements is confined to the river valleys, so the risk of  flooding to be reckoned with for a long 
time. For example, a number of  cities (Yeniseysk, Kirensk, Yakutsk), are systematically subjected to flooding. 
In general, the region is dominated by snow melting flood I-II class and ice dam floods - III-IV class of  
danger.                                                                                                                      
VII. Northeastern mountain region occupies mountain structures in basins of  the Yana, Indigirka and 
Kolyma. It is dominated by the rainfall flood, less snow melting and ice dams floods II-III classes of  danger; 
damage due to the extremely small population is small.                                                                       
VIII. North Siberian coastal region incorporates mostly flat estuarine area of    large Siberian rivers that flow 
into the seas of  the Arctic Ocean. It also dominated snow melting floods, but also characterized by surges and 
tides, particularly in estuaries. The risk of  flooding is low, mainly I, rarely class of  dander II.                   
Except the allocated regions, it should be noted especially sites of  hydro technical regulation, with the 
increased danger of  floods. They include coasts of  water reservoirs, with the small rivers flowing into them, 
and also sites of  potential flooding in case of  breakthrough floods in the downstream of  hydroelectric power 
station. First of  all the coast of  reservoirs of  the Angaro-Eniseysky cascade, and also Novosibirsk, Vilyuysky 
and other reservoirs belong to such sites. On the regulated main rivers snow melting and rainfall floods are 
absent, but there are wind-induced and retaining flooding of  the coast of  reservoirs, ice jams floods on the 
lower bound of  an ice-hole. Danger of  these floods usually doesn't exceed the I-II class. However over these 
territories threat of  breakthrough floods which have been assigned the highest V hazard class.
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Considerable floods of  various genesis in Siberia during 1985-2013.
The historical review of  floods on the rivers of  Siberia. The most extensive descriptions of  floods we 
obliged to E.V. Bliznyak (for Zaikov, 1954), the authors of  Irkutsk chronicle (Pezhemskiy, Krotov 1911, 
Romanov, 1993, Romanov, 1994), where a considerable variety of  floods on genesis, height, the areas of  
distribution, to damage is noted Chronology of  floods in Russia and Siberia are presented in modern works: 
B.D.Zaykova, 1954; Zadonina, Levi, 2008 Taratunin, 2008; Dobrovolsky, Istomina, 2006; Ivanio, 1997. Already 
Siberian pioneers lodging on coast of  the large rivers have been forced to fight against floods. Annalistic 
chronicles contain information on floods in the Siberian provinces when sometimes it was necessary to move 
jails to new places entirely. The maximum number of  floods in Siberia was in 1635, 1667, 1752-1756, 1853, 
1865-1871, 1887, 1896, 1907, 1915-1928, 1954, 1972-1974, 1986, 1997 and 2001-2002. Floods during snow 
melting cover the largest areas of  northern plains of  Siberia, at the same time long since the cities strongly 
suffered. Quite often snow melting floods amplified because of  ice jams on the rivers. However jams have also 
independently caused floods, especially in the lower Yenisei, Lena, the Lower Tunguska, Yana. In the past, before 
construction of  hydroelectric power station, Irkutsk was subject to ice dams floods on the Angara River, the 
events during formation of  an ice cover. Rainfall floods are most dangerous, large rainfall floods in Baikal region 
happened in 1751, 1785, 1830, 1854, 1864, 1867, 1869, 1872, 1897, 1904, 1932, 1936, 1940 (Zaykov, 1954). 
Severe rainfall floods in the basin of  the Yenisei River also took place, though there were they here considerably 
less than snow melting floods. In total during 1621-1985 (Zadonina, Levi, 2008) 211 cases of  floods are 
recorded. Rainfall floods – in 44% of  cases, snow melting – 18%, ice dams floods – 11%. The majority the snow 
melting floods occurred in the basins of  Ob and Yenisei, the rainfall floods - in the basins of  Angara, Baikal and 
Amur. Distribution of  floods of  different genesis for macro basins of  Siberia
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Distribution of  different genesis floods for large river basins of  Siberia 


N.V.Kichigina


V.B.Sochava Institute if  Geography SB RAS


8(3952) 42 75 55


kichigina@irigs.irk.ru


Now (during 1985 – 2015, only 31 year) there were 42 considerable floods on the rivers of  Siberia, in 12 of  them 
there were losses of  human life, in 32 - evacuation of  people was required [Dartmouth Flood Observatory, 2016]. 
The rainfall floods – 59%, snow melting floods – 24% and floods as a result of  ice dams at peak of  snow melting –
17% in the basins of  Ob, Lena and Yenisei had the greatest  repeatability. The duration of  flooding ranges from 1 to 
43 days, most of  all floods lasting 5-10 days. The majority of  floods has the areas of  flooding to 500 thousand 
sq.km.
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Background


Human activities and climate change have substantial effects on soil 
ecosystems, especially in arid and semi-arid regions. Which may lead 
to soil degradation and damage crop production. Aside from climate 
change, cropping management practices could also affect soil 
Carbon and Nitrogen storage. Chinese agriculture has experienced 
dramatic changes driven by shifts in cropland management and 
changing climatic conditions over the past century. Nonetheless, the 
dynamics of  soil Carbon and nitrogen storage in agricultural lands at 
a regional scale in China are unclear.


The reality of  water scarcity in the Loess Plateau e.g., the water resources per 
667m2 are less than one-eighth of  the national average, which is only half  of  the 
global average suggests the importance of  a tradeoff  between carbon 
sequestration and the water balance. Given the current global climate patterns, 
vegetation distribution and growth is largely determined by water resources. 
However, water uptake through roots combined with evaporation in arid climatic 
conditions usually results in adverse effects on soil hydrological conditions, such as 
widespread soil desiccation and a soil moisture deficit in the Loess Plateau. 
Although estimates of  SOC greatly differs based on the data source and 
estimation method, the SOC content in the Loess Plateau is clearly lower than the 
national average. If  the target were set to 12kg C/m2 (i.ed, the high value 
nationally), increasing from 10.3kg/m2 in 50cm soils would take approximately 70 
years with the current cropping management and climate across the Loess Plateau. 
This process would accelerate if  irrigation were to increase. However, considering 
that the groundwater throughout the Loess Plateau is located 60-100m below the 
surface and that ~80% of  the precipitation is concentrated during the flood 
season, rain-fed crops would have difficulty obtaining sufficient water during the 
dry season, and the decreasing runoff  monitored in the middle reaches of  Yellow 
River during 1950-2005 is an unstable water resource. The increase in the SOC is 
likely to be slower in rain-fed croplands, especially in those vulnerable area with 
low irrigation area and high demand for mined groundwater, e.g., the Loess 
Plateau region.


Impacts of  moisture on soil carbon and N2O 
emissions in agricultural soil in Northwest China


Zhang Fan*, Wu Yiping


Xi'an Jiaotong University, Xi'an, China


Methods and Preliminary Results


The historical changes of  soil carbon and nitrogen storage in 
Northwest China were investigated using a process-based 
biogeochemical model. The SOC storage (0-50cm) reduced slightly 
from 1.25 PgC over the 1980s and stabilized at 1.23 PgC in the 
1990s, and the regional N2O emissions was relatively low. The 
correlation analysis indicated that available water played a key role in 
controlling cropland SOC dynamics and N2O emissions. The 
regional SOC and N2O emissions increased along the moisture 
gradient and were higher in areas with humid climate, because high 
annual precipitation increased crop productivity, particularly in rain-
fed cropping systems. We found irrigation played a crucial role in 
maintaining the SOC content in areas with low precipitation and the 
enhanced irrigation capacity could substantially elevate the SOC 
storage in the semi-arid domain. Also, the water condition is one of  
the restrictive factors on N2O emissions. Although decreased soil 
moisture in arid and semi-arid regions may inhibit the increasing 
trend of  N2O emissions, reducing the N loss by improving the the N 
fertilizer efficiency is still the most effective way to inhibit N2O 
emissions. Our study can be valuable for decision makers when 
seeking the sustainability of  rainfed agricultural development.


*zhangfan@xjtu.edu.cn
Department of  Environmental Science and Technology
Xi'an Jiaotong University
28 West Xian-ning Road
Xi'an, 710049, China
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The coefficient of variation of temperature (CVT) and precipitation (CVP) in Loess Plateau.
Irrigation can alleviate water shortages in areas of low precipitation.
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Некоммерческое партнёрство 
Ассоциация профессиональных гидротехников 
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Путь через ВДСК 


ВДСК 


«КАЗАК» 


Канал «ЕВРАЗИЯ» Канал «КАЗАК» 
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СЭЗ «Хоргос – 
Восточные ворота» 


Новый «Шёлковый путь» 


Актау порт 
СЭЗ «Западные 


Ворота» 


Китай 


Европа 
Россия 


Казахстан 


Структура транзитных мега-потоков 
 Structure transit Mega-Projects  
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Алматы 


Хоргос 


Актау 
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Казахстан 


Россия 
1. Хоргос-Алматы 
2. Старая дорога 
3. Алматы-Мангышлак 
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Иран 


Маршрут мега-потока через канал Евразия 
 Route transit traffic through the canal 
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Некоторые примеры 
инфраструктурных объектов  


России и СССР  
 


Some examples of infrastructure 
facilities Russia and the USSR  
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Транссибирская магистраль 1891-1901г. 
Trans-Siberian Railway 1891-1901 years 
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Энергетические инфраструктурные объекты 
Ангаро-Енисейский мегапроект 1954 - 2021г. 


 Energy infrastructure facilities  
Angara-Yenisei Mega-project 1954-2021 years 
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Инфраструктура 
воднотранспортных соединений 


Infrastructure waterway 
connections  
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Беломоро-Балтийский канал 1931-1933г. 
 White Sea-Baltic Channel 1931-1933 years 
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Волго-Донской канал 1948-1952г. 
Volga-Don Channel 1948-1952 years 
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Примеры реализации и развития 
инфраструктурных 


воднотранспортных соединений 


 


Examples of implementation and 
development of water transport 


infrastructure connections  
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Панамский канал 1904-1920г. 
 Panama Channel 1904-1920 years 
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Панамский канал. Реконструкция 2009-2016г. 
Panama Channel. Reconstruction  2009-2016 years 
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Суэцкий канал 285-247 г. до н. э. 
Восстановлен в 1859-1869 г. 


Suez Channel 285-247 BC 
Restored in 1859-1869 years 
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Новый Суэцкий канал 2014-2015г. 


New Suez Channel 2014-2015 years 
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Никарагуанский канал 2012~2029г. 
Ввод в эксплуатацию ~2019г. 


Nicaragua Channel 2012~2029 years 
Commissioning in  ~2019 year 
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Стамбульский канал. На стадии разработки 


Istanbul Channel. Under development 
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№
№ Наименование мегапроекта Основные параметры Стоимость, 


млрд руб. Примечание 


          


1 Канал Евразия (Россия) 


Протяженность  
примерно 800 км, 
рассчитан на 
существующие суда 
река-море 


1000 Изысканий и проекта нет 


2  Канал Каспий-Индийский океан 
(Иран)  


Протяженность  700 
или 1100 км 
рассчитан на 
существующие суда 
река-море 


1000 Разработаны проекты 2 
трасс 


3.  Никарагуанский (морской) канал 
Протяженность 278 
км, мин. глубина 26 м, 
мин. ширина 250м 


3500 Завершается 
строительство 


4.  Гидроузел «Три ущелья» (Китай)   4000 Построен 


5.  Туннель под проливом Босфор 
(Турция)   300 Построен 


6.  Реконструкция Транссиба и БАМ 
(Россия)   700 Работы продолжаются 


7.  Московское Центральное кольцо 
МЖД Протяженность 54 км 100 Заканчивается 


строительство 


8.  Мост на о. Русский Протяженность 3.1 км 70 Построен 


9.  Керченский мост Протяженность 19 км 250 Строится 


Сопоставление инфраструктурных транспортных проектов 
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Results Mega-Project «Eurasia» 


So the implementation of the project "Eurasia" allows you to:  
 
- to employ not less than 300 thousand people, mostly not very high qualification in the conditions 


of living labor-surplus area with high birth rates, first in construction and then operation of new 
buildings and their infrastructure; 


- create the missing network of modern highways, Railways, airports, modern housing, schools, 
hospitals, etc.; 


- to construct reservoirs, medium and small hydroelectric plant in the foothills of the North 
Caucasus, which would reduce the damage from devastating floods of the rivers Kuban and 
Terek, to keep flood waters for water supply, valuable electricity supply, to create new places 
for tourism and rest; 


 - to enter into the agricultural turnover of the fertile loess soils, saline and waterlogged land for 
the development of crop and livestock production, enhancing food security through import 
substitution; 


- to create a powerful construction base, contributing to the further economic development of the 
region;- upload existing and to create new businesses of shipbuilding and metallurgy; 


- to give impetus to the development stunted in our country, construction and agricultural 
Sciences; 


 - ability to attract investment major shippers: Kazakhstan, China, Azerbaijan, Turkmenistan and 
Iran.  
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What is Eurasia Canal value in Mega-project? 


• There is no doubt  of  military-strategic importance of the channel "Eurasia"  


• Mega-project "Eurasia" is ideologically important large infrastructure object  


• The great activity field for young specialists, graduates of construction 
engineering universities of Russia 
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Пример реализации форсайт-анализа при оценке 
проекта канала Евразия  


Example of foresight analysis in the evaluation of 
water transport channel «Eurasia» connection  
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Structure and composition criteria  
Level 1 criteria  
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Level 2 criteria  
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Economical Integral Criteria Assessment Structure 


Detailed integrated leading criteria  


1.4.2.1. Transit
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Transport
production
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Water
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connection


1.3.2.2. Water
transport
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Efficiency


1.3.2.3. Water
transport
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of freight)


1.3.2.2.1.
Transit time


1.3.2.2.2.
Cargo-carriage
cost


1.3.2.2.4.
Possibility of
heavy and
large-sized c
argos
transportation


1.3.2.2.3.
Transport
production
power
consumption


1.  Economical


1.1. Performance
indicators


1.2. Construction
scope of finance


1.3. External investment
acquirement probability


1.4. Risk of short supply
of supposed incomes


1.1.1. Net
present value
(NPV)


1.1.2.
Profitability
Index (PI)


1.1.4. Payback
period


1.1.3. Internal
Rate of Return
(IRR)


1.3.1. Scope
of finance


1.3.2.
Consumer
involvement
(involvement
of investor in
using Water
transport
connection)


1.4.1. Rate of
consumer
satisfaction in
cargo-handling
capacity of
Water
transport
connection


1.4.2. Water
transport
connection
Efficiency


1.4.3. Water
transport
connection
development
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optimistic rate
of freight)
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Threats and opportunities for Russia related to water resources:  


a view of a technology platform 


  


Faculty of Geography,  Lomonosov Moscow State University, Moscow, Russia 


 


Russia in 2025 has been positioned by International Water Management Institute as the country 


with “little or no water scarcity”, having abundant water resources relative to use. Less than 25% 


of water from rivers is withdrawn for human purposes. The objective of this study was  to update 


the assessment of water-related threats and opportunities focusing on the same issues presented 


in  Russian long-term S&T Foresight, 2014. Various thematic information, relevant statistical 


data, database of  the projects supported by Russian Scientific Foundation and Russian 


Foundation for Basic research were used. The methods included indicator-based analysis and 


interpretation for three themes: 1) environmental, 2) social-economic, 3) scientific and 


technological threats and opportunities of water resources use in Russia. Among the 


environmental  threats the most important is the increasing probability of dangerous hydrological 


phenomena as floods, water scarcity, the risk of ice, fluvial and estuarine processes as the result 


of the increased negative impact of climate change and human pressure. The window of 


opportunity to cope with this threat is building resilience to water-related disasters through the 


effective monitoring of natural and man-made disasters, as well as the parameterization of the 


river flow characteristics in the range of their natural and man-made changes. The other threat is 


the decreasing  hydro-ecological safety of the population, social and industrial facilities, fish 


communities. The regional hydro-ecological security change scenarios should be developed for 


the series of events "a rule – a crisis – a disaster – emergency situation – a catastrophe". A rather 


broad range of potential social-economic threats to Russia arises from the unfavorable state of 


water resources within the most populated river basins caused by the increasing point and diffuse 


pollution. It leads to the degradation of biotic compounds of water and coastal ecosystems, loss 


of biodiversity. A key opportunity for ensuring the reliability of water supply is seen in the 


introduction of BAT related to water resources use and the development of the markets of 


services and engineering systems for water purification and re-use. Among the scientific and 


technological threats the lag in technological development of water purification and re-use is 


most important. The increase of investments in innovations and technologies in the water-related 


sectors is crucial for Russia to cope with new emerging threats in particular with the probable 


proliferation of new pollutants (including nano-particles) into water basins.  
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A Foresight study implemented 
in March 2013 - April 2014 
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Phase 1: SCANNING 


4.  
Identifying 
international 
and national 
experts and 
organisation  
of an 
international 
expert 
workshop to 
identify key 
trends and 
issues 
 


5.  
Preparing 
reports, 
papers & 
updates 
 


1.  
Scoping the 
“Water 
resources” 
topic to 
clarify focus 
of the 
activity 


2. 
Identification 
of key 
documents on 
water 
resources and 
building a 
repository 
 signals and 
wild cards  
 


3. 
Reviewing 
documents 
to identify 
key trends, 
drivers, 
uncertaintie
s, weak 
signals and 
wild cards 
 







Phase 2: SCENARIOS 


1.  
Analysis of 
“Water 
Resources” 
scenarios 
  
 


2. 
Identifying 
key 
scenario 
assump-
tions and 
variations 


3. 
Developing 
synthesis 
scenarios  


4.  
Scenario 
workshop: 
discussing 
and 
enriching 
synthesis 
scenarios 
and building 
visions  


5.  
Reports, 
papers & 
updates  







SCENARIO prepositions 


Innovations in water supply and 
sanitation (WSS) do not depend 


exclusively on existing demand for 
new solutions in certain regions. 


New solutions in WSS are also 
influenced by the interaction of 
competing innovative solutions 


and management systems, such as 
centralisation and 


decentralisation of the sector, 
technological and non-


technological responses, and 
integrated and specific 


technologies  


Several factors make the WSS 
sector highly susceptible to 


administrative regulation: (i) high 
social sensitivity of the sector, 
WSS being key housing service 
providers to urban dwellers; (ii) 


the monopolistic market: 
centralised WSS systems being 
typically operated by local (city) 
level monopolies; and as such, 


requiring some government 
regulation in order to prevent 


monopoly rents 







External factors that describe uncertainties 
in the water sector and shape the scenarios 


Economic 
development   


Government 
policy and 


International 
relations and 


trade 


The ability of the 
water sector to 


attract investment 


Public attitude 
towards water use 


Technological 
progress 







Initial list of indicators developed for each of 
the thematic areas (1)  


Main factors reviewed in each scenario Indicators  
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− Influence of climate change on water 
resources; 


− Surface and underground water 
sources and their condition; 


− Water resources management in 
hydrotechnical systems;  


− Transboundary problems of water 
resources management; 


− Water resources economy; 
− Recycling and water re-use: ‘Micro’ 


and ‘Macro’ water treatment; 
− Related cross-sectoral problems to 


water resources 


− Water withdrawal from water resources 
(cubic m) 


− Volume of contaminated discharged water 
(cubic m) 


− Volume of recycled and reused water (cubic 
m) 


− Volume of contamination in discharged 
water (*10^6 kg) 


  







Initial list of indicators developed for each of 
the thematic areas (2)  


Main factors 
reviewed in each 


scenario 


Indicators  
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 The demand and the 
volume of water supply 
and sanitation services 
  
  
  
Finance situation of 
water utilities sector 
  
  
  
  
Technical condition of 
the water utilities’ 
infrastructure and the 
quality of their services 


The dynamics in the volume of water consumption by households (litres per 
year) 
The number of installed water meters in multi-apartment houses and 
apartments (units) 
The number of particular measures taken to increase water use efficiency in 
households (number of households, applying these measures, monthly) 
  
The financial result of the water sector (RUB / year) 
Tariffs (and their dynamics) for water supply and sanitation services for 
population and industry (RUB/month) 
The volume of private investments attracted to the sector (RUB/year) 
  
Incidents (and their dynamics) in the water sector (number of incidents) 
The level of technical and commercial losses (percentage) 
The share of water companies complying by sanitation norms regarding water 
quality (percentage) 
The share of water companies observing norms regarding sewage treatment 
(percentage) 







Initial list of indicators developed for each of 
the thematic areas (3)  


Main factors reviewed in each scenario Indicators  
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culture of water use;  
appearance of new technologies and new materials 
for water treatment;  
appearance of smart technologies, use of IT sensor 
information technologies in the water sector  
increasing consumer-oriented focus of water 
companies  
higher efficiency of energy technologies  
a progress in combo technologies, mainly in water-
energy nexus, primarily in hydroenergy  
distribution of water companies costs for water 
purification and desalination   
the economic and diplomatic relations with countries 
from which water technologies are exported to 
Russia;  
economic and political crises  
 


Increased awareness of water scarcity among population 
(percentage)  
The share of water saving and water efficient equipment in the 
total volume of equipment of industrial enterprises by sector 
(percentage) 
Customized services of water companies for end users 
(persons), number of water companies that provide such 
services (units))  
Volume of investments in development and application of new 
technologies (RUB/year) 
Volume of water companies costs (by region) for water 
desalination (RUB) 
Cost relationship between operational and capital costs for 
water purification (percentage) 
Development and application of new business models / new 
organizational solutions, including those in the ICT sphere, in 
water companies (number/share of such enterprises/year) 
Intergovernmental agreements of the Russian Federation with 
countries from which water technologies are imported 
(number of agreements) 
The volume of export and import pf water technologies in the 
Russian Federation (RUB/year)  







The four plausible scenarios 


‘Nearly perfect future’  
(economic growth) 


‘Problem 
conservation’ 


(economic stagnation) 


‘Losses and accidents’  
(economic depression) 


‘National priority’  
(manual operation) 







Discussion 


• From 2015 onwards, the most likely scenarios are ‘Problem 
conservation’ and ‘Losses and accidents’  


• Their implementation will lead to considerable technological 
problems in the sector, and, consequently, to social discontent; a 
substantial increase in the rate of accidents in the water supply 
and sanitation system by 2019-2020 ( ‘Problem conservation’), or 
even by as 2017-2019 ( ‘Losses and accidents’) 


• Following these developments the water sector will advance in 
line with the ‘Nearly perfect future’ scenario or the ‘National 
priority’ scenario, or a combination of the two. This will depend 
on the social and economic situation at the time unpopular policy 
decisions will have to be adopted 







Applicability to other countries 


Other emerging economies (Argentina, Azerbaijan, Belarus, Brazil, 
Serbia, Indonesia, and Kazakhstan) that satisfy the criteria:  


• centralized policy-making leading to little or no actual authority 
at municipal level  


• economy dependent on natural resources (including 
agriculture) 


• relatively high GDP (may be developed economies)  
• sufficient amount of water resources on their territory, possibly 


including the salty sea waters, and these may be unevenly 
distributed across the territory      


• might be not fully open to international economic and 
technological cooperation 


• water supply and sanitation infrastructure of a substantial 
territory of such countries is outdated or completely absent 







Conclusions 


• The suggested development trajectories are alternative, 
likely and generalizable, with certain reservations, for some 
emerging economies  


• Each scenario presented in the paper will require a specific 
set of strategies and response actions, as well as 
technological solutions for use by companies and authorities 


• Although the scenarios describe developments over the 
next 15-20 years, three of them, with the exception of 
‘Nearly perfect future’, imply major changes in the sector, 
which will become obvious in the next two to five year 


• At regular time intervals, the scenarios would require a 
review and, if necessary, an update 
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At the current moment when the disastrous state of  water resources is self-evident, 
the main focus of  the discussion will inevitably shift towards possible ways of  mankind 
to respond to this problem.


At national level, the main regulator of  natural resources, in particular, water 
resources, is a government and legislative assemblies that can establish rules and try to 
enforce them. Tools of  the national environmental policy can be very diverse: 
administrative, economic, social motivation methods. However, we should not forget 
that natural resources are usually shared access resources, which inevitably entails a lot 
of  problems related to their effective use. In this case, there is a situation that has 
received economic theory called "the tragedy of  collective access resources": 
maximizing individual gain from the exploitation of  natural resources, economic 
agents do not want to take into account the general interest to conserve natural 
resources and ensure the highest quality.


In the direction of  solving the problem of  using shared resources, there is a certain 
theoretical basis, based on the fact that alternative, but rather a complement to 
government regulation may become collective actions of  economic agents, operating a 
specific resource. As shown by E. Ostrom in 1990, a relatively small group of  
economic agents - share members can agree on their own, having developed some kind 
of  a joint strategy of  behavior, allowing the use of  the good public access effectively 
preventing reduction of  its quality. Thus, the most effective way seems to be the 
combination of  two approaches to the management of  local natural resources in 
common use: monocentric, presupposes the existence of  special public institutions for 
environmental management, as well as polycentric, based on a more active role for 
regional and local community levels. The second approach, in fact, involves the 
construction of  co-operation in water bottom-up management. The role of  public 
institutions, in this case, consists primarily in performing a specific set of  functions 
that may be performed by individual users or small groups.


Water Code of  the Russian Federation has introduced significant changes in the 
system of  state management of  use and protection of  water resources. The areas of  
responsibilities and the relationship between the federal authorities and the authorities 
of  the Federation, the legal regulation of  the order of  a water objects, legal regulations 
on ownership on water objects as well as protection of  water objects and their water 
protection zones have been substantially changed. In fact, the reform of  the 
administrative system of  state management of  water resources was carried out. 
However, the water management system still requires improvement and further 
development. In particular, various conditions for the use of  the same water object in 
different Russian regions give rise to social conflicts and escalation of  negative public 
sentiment. Also on the same water object, for example, on the Volga River by the laws 
of  different subjects can be installed a variety of  measures (sanctions) administrative 
responsibility for the same offense (violation of  the protection of  the rules of  life of  
people in the water or the rules for the use of  small boats equipped with motors).


Water strategy of  the Russian Federation for the period up to 2020 for the main 
directions of  improvement of  the state water protection system include the 
development of  integrated water resources management principles. Integrated Water 
Resource Management is a process that promotes the integrated development and 
management of  water, land and other resources to maximize economic and social 
welfare in an equitable manner without compromising the sustainability of  vital 
ecosystems.


The role of  the inter-municipal water basin councils of  small rivers 
in ensuring an integrated approach to water resources management


Adoption and implementation of  management solutions that provide the greatest 
social and economic benefit, and it also allows to exploit the water resources most 
efficiently and without compromising its quality, possible only if  the cooperation and 
interaction of  all participants of  water relations. Therefore, the most effective method 
appear to be water management organization within the river basin boundaries through 
management decisions previously discussed Basin Councils involving local 
governments, associations of  water users and the public. Integrated management 
should be based on regional (territorial) characteristics and individual characteristics of  
water objects.


Water Code of  the Russian Federation established the 20 basin districts, delimited the 
pools of  the largest water arteries of  the country. In such districts created river basin 
councils engaged in the development of  recommendations on the use and protection 
of  water objects.


However, taking into account the above-mentioned groups of  users, the ability for 
independent development of  the effective use of  shared resources strategy, the 
principles of  river basin management should be applied in the implementation of  
water relations in the areas of  small rivers basin level, on the inter-municipal level. For 
example, river Klyazma separating Nizhny Novgorod and Vladimir region, now has a 
different mode of  use of  water bio-resources and water use (the use of  small boats 
equipped with motors in the Nizhny Novgorod region is prohibited from 15 April to 
31 May, and in the Vladimir region prohibited until April 15). The Basin principle of  
management will minimize the possibility of  such situations.


The aim of  this work is to study the necessity and expediency for creation of  basin 
councils of  small rivers as a tool for sustainable development of  water resources. To 
achieve this goal we suppose to consider the following problems: (i) to analyze the 
problems of  creation and effectiveness of  functioning these councils, as well as their 
activities for implementation of  their recommendations, (ii) on the basis of  the analysis 
to give recommendations for the improvement of  mechanisms of  interaction between 
state subjects, basin councils and all interested water users.


In fact, the river basin, including groundwater is a natural ecosystem, which has clear 
geographical boundaries within which it should be carried out water management. 
Rivers do not recognize administrative borders and political preferences. Therefore, the 
river basin is the perfect control unit. Integrated water resource management aims, 
including the prevention of  conflicts between water users, by preventing or reducing 
the adverse external effects, and easy to assess the relationship between water users 
located below and above the river, as well as to define the objectives of  the state water 
policy. Intermunicipal basin councils can deal with the elaboration of  agreed decisions 
on strategic issues and on the use and protection of  water objects of  a river basin.


With the minimization of  public services responsible for the protection of  water 
objects, the involvement of  the direct beneficiaries of  the river resource multiple 
access (local authorities and public authorities, which is directly interested in improving 
water quality and living conditions of  the environment) is the most effective.


The increased autonomy and the role of  local authorities create objective 
prerequisites for the improvement of  approaches to water management. Thus, local 
initiatives and projects aimed at solving problems of  water protection, require the full 
support. Correspondingly, water protection legislation should be changed towards 
empowerment of  regional and local authorities, not forgetting about the financial 
security of  these powers.
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Social innovation in the responsible water use: international experience and lessons for 


Russia 


The aim of the report is to describe the various forms of involvement of consumers and other 


stakeholders in the conservation and use of water resources on the example of the best 


international practices of social innovation. The object of study – the cases of winners of a 


Global organization for support of social entrepreneurs “Ashoka”, in which the catchment, water 


discharge, water use and saving water resources is a cCentral theme of the work of a social 


entrepreneur. 


Water resources preservation and economical use largely depend on the mass consumer. In many 


countries there is a growing understanding that a limited part of the issues of water use can be 


solved  by the economic restrictions – such as counters or fees for the use of water. The other 


important question is to enhance public participation in water resources management, which 


includes expanding a water source water sharing, protection of water basins, control of 


collection, storage, purification and use of water, waste treatment methods, innovative forms of 


participation and forging partnerships with other stakeholders. These practices are usually 


adapted to the specifics of place, but can be applied both in arid agricultural areas and in cities. 


In addition to the direct increase in efficiency of use of water resources, practices of social 


innovation also have a positive delayed effect, associated with the spread of responsible 


consumption and the development of cooperation between organizations and communities to 


preserve water resources for future generations (sustainable development).  


The report contains 1) a short description of the case studies, representing different aspects of 


water use and water conservation, 2) the characteristic ways of involving citizens and 


organizations to participate in water management, 3) assessment of the economic and social 


effects, which in this case are achieved, 4) indication of the directions of possible application of 


the described experiences in Russia. 
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Sustainable development the sphere of water resources: 
new agenda


S&T Foresight 


System


Demand Supply 


Global Challenges 


Evidence -based analysis 


“proofs” and transparency


“What if question”  scenarios and 


modelling 


Weak signals of emerging 


disruptive trends  intelligence


Prioritizing  detailed data 


Integration to policy  “smart” 


decisions 


Multidisciplinary and multicultural 


research 


Integration of quantitative and 


qualitative methods 


Big Data analytics 


Stakeholder engagement


Communication and networking
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 Technological


 Ecological 


 Economical


 Political


 Values
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Global trends cause serious challenges for the 
development of water use not only in Russia


• Water resources scarcity


• The increase in water-


associated infectious diseases


• Increase of population living in 


water stress conditions


• Disregard to new institutions


• Disregard to new technologies


• New technological wave


• The need of innovations in S&T


• Problems with the hydrosystems


security


Technological 


challenges


Political and 


institutional 


challenges


Value 


challenges


Economic 


challenges
Environment


al challenges


Social 


challenges


Sustainable development: consideration of economic, social and environmental trends


Technological basis for the achievement of social, economic and environmental goals


• Growth in consumption of water 


resources


• Growing water intensity at productions


• Increase in traffic volumes


• Water security


• Terrorism acts with the use of water resources


• Manmade disasters related to the use of water objects


• Increasing navigation period


• Coastal flood


• Permafrost thaw and sea level rise


• Illegal sea fishing


• The lack of irrigation water, groundwater


depletion


• Water contamination
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National System of S&T Foresight:  
position in the system of strategic planning
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Russian S&T Foresight: 
rapid growth and emergence of national S&T Foresight system
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Consortium of leading S&T Foresight centres:
universities, research organisations, R&D centres


The network comprises more than 650 


organisations and over 1,250 experts


Number of organizations Number of experts
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National S&T Foresight: 
major milestones
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S&T Foresight 2030 results are based on combination 


evidence-based, creative, interactive and expert methods


More than 150 global


trends in the 


economy, science, 


politics and society


Assessment of 


effects and most 


relevant timeframes 


for challenges and 


windows of 


opportunity


More than 1,000 


specific priority 


R&D tasks


Characteristics 


of more than 80 


prospective 


markets and 250 


product groups


Priority S&T areas Key sectors of the economy Publications
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Russia‘s S&T Foresight: 
Markets and prospective products for water sphere


Biodiesel from microalgae


Bio-mediators for water purification


All-weather air-space water monitoring systems for detection of objects which represent a 


security threat


Information system of water objects 


monitoring based on a portal web 


technology


Space systems for hydrological situation 


monitoring


Mobile systems for purification of 


waters from hydrocarbon pollutions


Systems of state monitoring for  pump storage generating sets and 


waterworks


Innovative sorbents and coagulants


Products from hydrobionts (fish, shellfish, algae, microorganisms)


Nutrient solutions for water bio-resources incubation


New types of icebreakers for the development of commercial 


navigation in the Arctic Ocean


The model of very-long-term forecast of floods in 


the river catchments


Recirculating aquaculture system


«Ocean – atmosphere – sea ice» system which describes glacier 


dynamics, wind waves and stream flows


High-efficient tidal power converters


Water electrolysis technologies


Nano-valent iron and other nanomaterials 


for water purification


Assessment of hydrographic water exploration to assure safe navigation New aqueous-based material


Emerging hydraulics with variable speed


Molecular breeding of hydrobionts to obtain high-


productive aquaculture objects


Space systems in hydrometeorology
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Biotechnologies


Transport and Space 
Systems


Energy Efficiency and 
Energy Saving


Environmental 
Management


Technologies of environmental pollution control and 


prevention, water quality management


Technologies of monitoring and forecast of river basins 


floods, maximum flood discharges and highest flood levels


Technologies and equipment for recovery of water bodies


(including ones in permafrost zones and the Arctic waters) 


polluted by toxicants and radionuclides


Technologies of hydrometeorological monitoring and forecast 


of the World Ocean, Arctic seas and large inland water 


bodies state


Technologies of photosynthetic microorganism, algae, cell lines of hydrobionts cultivation and production of bioactive 


substances, biopolymers and new materials from them


Technologies of hydrobionts molecular breeding to obtain high-productive aquaculture objects


Technologies of development of high-efficient tidal power converters


Technologies of management of hydrochemical and hydrobiological situation in reservoirs


Technologies of efficient reversible water units development


Technologies of development of superpower natural gas engines for water transport


Technologies for assessment of hydrographic water exploration to assure safe navigation


Technologies for creation of space systems for hydrological situation monitoring


Technologies of the World Ocean state space monitoring


Technologies of hydrological facilities continuous estimate by technical means


Technologies to forecast and model the emergence and 


development of dangerous hydrometeorological


processes in the World Ocean and non-Arctic Russian 


seas


Technologies of processing and analysis of data on 


hydrometeorological state of the World Ocean, Russian 


seas and sea outfalls of rivers


Technologies of the World Ocean underwater situation 


coverage including offshore production sites in the 


Arctic waters


Technologies of photocatalytic oxidation together with 


the complex ultraviolet water treatment


Chlorine dioxide water disinfection technologies enabling 


to increase treated water quality and to reduce the 


reagent dose


Remote monitoring technologies for water from supply 


systems and from points of water withdrawal


Russia‘s S&T Foresight: 
technologies for water shpere and the role of interdicplinarity
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Technology roadmaps for S&T Foresight: 
translating into projects and investments


Foresight


Challenges (objectives)


Markets


Products


Technologies


R&D


Critical technologies 


for the industry


Implementation 


tools


Governmental and 


corporate programmes:


• Research 


• Technological 
development


• Technology imports


• Human resources, 
competencies


• Infrastructure


• Government policies 
and corporate 
strategies


Priorities
Technology 


roadmaps


MONITORING AND EVALUATION


• Subject areas


• State of Russian 


R&D


• Production potential


• Characteristics of 


markets and 


innovative products


• Support measures
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Thank you for your attention!
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Session 1. The use of transboundary water resources
September 29, 2016 


Room 431


14.00–14.20 BRICS countries on the world water management map 
Nikolay Koronkevich, Elena Barabanova, Irina Zaytseva (RAS Institute of Geography, Russia) 


14.20–14.40 UNECE Water Convention Work Programme 
Bo Libert (UN Economic Commission for Europe, Switzerland)


14.40–15.00 Water management problems of cross-border Lake Khanka 
Vladimir Georgievsky, Andrey Shalygin (State Hydrological Institute, 
Russia), Mikhail Bolgov (RAS Institute of Water Problems, Russia)


15.00–15.20 Consequences of realization of Hailar (Argun) river flow transfer 
to Lake Hulun Nur 
Natalia Frolova (M.V. Lomonosov Moscow State University, Russia)


15.20–15.40 Aspects of Irtysh’s basin water resources use under transboundary influence 
Lev Ratkovich, Yulia Bovina (K.A. Timiryazev Agricultural Academy, Russia)


15.40–16.00 Problems of the transboundary water management in the Amur river basin 
Boris Voronov, Аlexey Makhinov (Institute of Water and Environmental Problems, 
Far Eastern Branch of the Russian Academy of Sciences, Russia) 


16.30–16.50 On a single interstate concept of protection and rational use of water resources in 
transboundary Selenga river basin 
Igor  Bychkov (Irkutsk Research Center, Siberian Branch of RAS, Institute of System Dynamics 
and Management Theory, Russia), Vyacheslav Nikitin (L.A. Melentyev Institute of Energy 
Systems, Siberian Branch of RAS, Irkutsk Research Center, Siberian Branch of RAS, Russia)


16.50–17.10 Ecological and legal aspects of ensuring the rational use of transboundary water 
resources of the Samur river 
Magomed Guruev (Precaspian Institute of Biological Resources, Dagestan Scientific Center 
of RAS, Russia)


17.10–17.30 Principles of distribution of underground water resource potential in transboundary 
areas between neighboring states 
Boris Borevskiy (Hydrogeological and Geoecological Company “HYDEC”, Russia),  
Mikhail Cherepanskiy (Russian State Geological Prospecting University named after  
S. Ordzhonikidzе, Russia), Alexander Yazvin (Hydrogeological and Geoecological Company 
“HYDEC”, Russia)


17.30–17.50 Hydrological modelling of possible alteration of inflow into the Lake Baikal from 
transboundary Selenga river basin during the XXI century 
Vsevolod Moreydo, Andrey Kalugin (RAS Institute of Water Problems, Russia)
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BRICS countries on the world water management map 


Koronkevich N. I., Barabanova E.A., Zaytseva I.S. 


Institute of geography the Russian Academy of Sciences, Moscow,Russia, 


hydro-igras@yandex.ru 


Water resources, with their basic component river runoff, – one of the main factors of 


economic and social development of any country. Thus a role of a water management is great. 


The purpose of this article is to show the BRICS countries position in the world by water supply, 


character and sizes of water resources management analysing hydrological and water 


management statistics. This analysis shows that the common contribution of the BRICS 


countries to the world water resources and their use is essential though the contribution of 


different countries in this community  significantly varies. The average long-term river runoff of 


the BRICS countries is estimated at almost 14000 kmP


3
P/year that makes more than 32% of a 


world runoff. Total area of the community makes 29%, the population size is 43% of the world. 


The highest amount of water resources is in Brazil (38% of the BRICS total). About 31% is the 


share of Russia, 21% – of China, about 10% – of India. The share of the RSA is absolutely small 


– only 0,3%. The runoff depth in the BRICS countries (349 mm) in general is higher than the


world average (317 mm). The highest values are in Brazil – 623 mm, further go India (437 mm), 


China (293 mm), Russia (249 mm), the Republic of South Africa (37 mm). Also the depth of 


naturally-regulated ground water runoff in the BRICS countries in general is higher (99 mm) 


than in the world (91 mm). The smallest ground water runoff depth is in Russia (54 mm) and 


especially in the RSA (11 mm) that assumes the increased need for hydrotechnical regulation of 


water resources. Per capita river runoff in the BRICS countries (4,7 thous. mP


3
P) is lower than the 


world average  (6,2 thous. mP


3
P). In India this index is 1,2 thous. mP


3
P, in China – 2,1, in the 


Republic of South Africa – 0,9, whereas in Brazil – 27,5, and in Russia – 29,7 thous. mP


3
P per 


capita. 


At the beginning of the 21st century the world useful storage capacity made about 4000 


kmP


3
P, this allowed to increase the sustainable in time runoff resources by 1/3. In the BRICS 


countries the total volume of reservoirs exceeded 1100 kmP


3
P, thus increasing the sustainable 


runoff resources by almost 30% (to more than 5000 kmP


3
P/yr). The greatest increase of the 


sustainable runoff due to hydrotechnical regulation is observed in the Republic of South Africa 


(by 1,7 times), further follow India (1,6 times), Russia (1,4 times), China and Brazil (1,2 times). 


It should be noted that the creation of reservoirs is dictated not only by the need of steady water 


supply and hydraulic power, but also by the need of flood protection especially in India and 



http://www.multitran.ru/c/m.exe?t=1931381_1_2&s1=%F3%F1%F2%EE%E9%F7%E8%E2%FB%E9





China. In more recent times the total volume of the world reservoirs increased, at least, by 300 


kmP


3
P mostly due to the BRICS reservoirs and especially constructed in China. 


Annual world water use for different economic needs amounts about 4000 kmP


3
P, from 


which nearly 36% in the BRICS countries. By shares the amount of water use inside the 


community is distributed as follows: 53% in India, 39% in to China, less than 10% in other 


countries of BRICS (in Russia and Brazil, respectively, 3 and 4%, in the Republic of South 


Africa less than 1%).  


If the world water consumption is a little bit more than 9% of the river runoff, in the 


BRICS countries it is more than 10%. However, in India more than a half of the river runoff 


resources is used, in the Republic of South Africa nearly 25%, in China 19%, in Russia and 


Brazil – a little more than 1% is used. The main water user in Russia is industry; its share is 


nearly 70%. In other countries – agriculture, mainly irrigated agriculture. In Brazil, China, the 


Republic of South Africa the share of water used in agriculture is 55-65%, and in India – 90%. 


The total consumptive water use in the BRICS countries (in the course of use and taking 


into account losses of water for evaporation from the water area of reservoirs) makes nearly 900 


kmP


3
P (about 39% of the world’s). It reaches the greatest values in China and India due to vast 


territories of irrigated agriculture. As a result the total river runoff in the BRICS countries 


decreased almost by 7% (in the world almost by 6%), in India – by 36%, in China – by more 


than 10%, in the Republic of South Africa – by 18%, and in Russia and Brazil – by less than  


1%. 


The volume of waste and collector and drainage waters in BRICS is close to 600 kmP


3
P 


(32% of world volume). Nearly 90% of them fall to irrigation-return flow. The dilution rate of 


return waters by residual flow (after a deduction of the total consumptive water use) is close to 


the mean average global – 22 times. In India it is about 4 times, in the Republic of South Africa 


– 7 times, in China – about 10 times, but in Russia – more than 100 times, and in Brazil – more 


than 180 times. If to take into account a residual sustainable in time runoff, then the dilution rate 


of waste and return waters is much lower – in the world and in BRICS countries in general – 


more than 7 times, in Brazil – 63 times, in Russia – 35 times, in China this ratio reduces to 3,5 


times, in the Republic of South Africa to 2,6, and in India to 0,3 times that is an indirect indicator 


of low water quality of the rivers and reservoirs. 


Water use effectiveness is often determined by water use in mP


3
P per GPD (by PPP). In 


BRICS the corresponding index (55) is higher than in the world in general (41), i.e. water is used 


less efficiently. Especially this regards India (132) and can be explained by the fact that in its 


water management the main user is irrigated agriculture. In China this index is much lower – 41. 


Even lower it in Brazil (21), the Republic of South Africa (20) and especially in Russia (15). 







It should be marked that inside each country water management situation may be quite 


different from region to region. In each of them the economy and population water supply is the 


highest in a rather low-developed areas, and the main water problems are bound to the most 


densely populated areas where this water supply is much lower. It is enough to compare the 


mountainous and flat areas of China and India, the European and Asian parts of Russia. The 


European part of Russia occupies 23% of the total area of the Russian Federation, has the same 


share of the river water resources, 77% of water intake and waist waters. The rate of dilution of 


sewage in the Asian part of the country is 10 times more, than in the European, making, 


respectively, more than 300 and about 30 times.  


In conclusion it should be noted that the water supply of the territory in BRICS in 


general is slightly higher than the world average, and of the population – lower. The share of the 


used water approximately corresponds to a share of the available water supply. At the same time, 


two groups of the countries can be allocated. First group (India, China, the Republic of South 


Africa) is characterized by much more tight water management balance, and within the second 


group are Brazil and Russia where concentrated a considerable part of the world water resources  


rather poorly affected by economy, though there are areas requiring the solution of acute water 


management and hydroenvironmental problems. 







BRICS countries on the world 
water management map 


Koronkevich N. I., Barabanova E.A., Zaytseva I.S. 
Institute of Geography  


Russian Academy of Sciences 


 


 Moscow  
2016 
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Runoff Depth, mm 
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Useful Storage Capacity, km3 
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Fresh-Water use, km3/yr 
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Per Capita Fresh-Water 
Resources, ths.m3  
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Utilized Water Resources, % 
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Structure of Water Use in 
BRICS Countries, % 







“Per Unit” Indicators 
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Runoff Decrease, % 
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Waste, Collector and Drainage  
Waters, km3/yr 
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The Dilution Rate of Waste and 
Return Waters 
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Water Use Effectivnes,  
m3/yr per 1000$ 
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Territorial irregularity of distribution of water resources and 
their use is well visible on the example of the Russian 
Federation 


River runoff resources of RF, European 
and Asian parts of the country, km3/yr 


Water intake and waste waters including 
dirty discharge in the 2014, km3 
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There are two levels of water supply in BRICS 
countries. First group (India, China, the Republic 
of South Africa) is characterized by much more 
tight water management balance, and within the 
second group are Brazil and Russia where 
concentrated a considerable part of the world 
water resources  rather poorly affected by 
economy, though there are areas requiring the 
solution of acute water management and 
hydroenvironmental problems. 







Thank you for attention! 







UNECE Water Convention Work Programme 


Presentation thesis, Bo Libert, Regional Adviser UNECE 


 


The Convention on the Protection and Use of Transboundary Watercourses 
and International Lakes (Water Convention) aims to protect and ensure the 
quantity, quality and sustainable use of transboundary water resources by 
facilitating cooperation. It provides an intergovernmental platform for the day-
to-day development and advancement of transboundary cooperation. Initially 
negotiated as a regional instrument, it turned into a universally available legal 
framework for transboundary water cooperation, following the entry into 
force of amendments in February 2013, opening it to all UN Member States. As 
of 1st March 2016, countries outside the ECE region can accede to the 
Convention. 


The Meeting of the Parties of the Convention decides every third year on a 
Work Programme for the Convention. The presentation will give an overview 
of previous achievements as well as the work programme 2016-2018 that 
includes (among others) the following items: 


• Support to implementation and application of the Convention 
• Benefits of transboundary water cooperation 
• Water, food, energy, ecosystems nexus in transboundary basins 
• Adapting to climate change in transboundary basins 







UNECE Water Convention 
- work programme 


Bo Libert, Regional Adviser, UNECE 







Main objectives and principles 


Objective: to protect and ensure the quantity, quality and 
sustainable use of transboundary water resources by  
facilitating cooperation 


 


The Convention is based on three main pillars: 


• Principle of prevention 


• Principle of reasonable and equitable utilization 


• Principle of cooperation 


 


• Sustainability of resources is the overarching objective 







Amendment of 2003 and Globalization  
 


Opening up the UNECE Water Convention to all UN Member States, with the aim to:  


apply the principles and provisions worldwide 


broaden political support for transboundary cooperation, raise awareness and build capacity 


share the experiences of the Convention 


learn from other regions of the world 


 


• Amendments entered into force on 6 February 2013 => Convention is a global instrument 


 
• More than 60 countries from outside the UNECE-region already 


participated in activities under the Convention 


 


• Some of them announced intention to accede 


 


• Many requests for national and regional capacity-building 


workshops in support of accession 







Support to implementation through soft law development under the 
Water Convention 


• Water pollution by hazardous substances (1994) 


• Licensing of wastewater discharges (1996) 


• Monitoring & assessment of rivers & lakes (1996) and groundwaters (2000) 


• Sustainable flood prevention (2000) 


• Safety of pipelines (2006) 


• Payments for ecosystem services (2007) 


• Transboundary flood management (2007) 


• Safety of tailing management facilities (2009) 


• Water and adaptation to climate change (2009) 


• Guide to Implementing the Water Convention (2013) 


• Model provisions on transboundary groundwaters (2012) 


• Policy guidance note on identifying, assessingand communicating the benefits of 
transboundary cooperation (2015)  







Programme of work for 2016-2018  


Support to implementation and 
application 


Identifying, assessing and 
communicating the benefits of 


transboundary water cooperation 


Adapting to climate change in 
transboundary basins 


Water-food-energy-ecosystems 
nexus in transboundary basins 


European Union Water 
Initiative and National Policy 


Dialogues 


Opening, promotion and 
partnerships 







Practical support to establish cooperation: Tajik-
Afghan example 


Establishing cooperation on hydrology and 
environment in upper Amudarya: 


–Bilateral working group 


–Exchange of hydrological data 


–Joint training on hydrology 


–Exchange of experience on ecosystem protection 


–Cooperation with border guards 


–Funded by Russia 







 
 
 
 
Convention is supporting agreements: Intergovernmental 
bilateral Dniester Basin Treaty of the Republic of Moldova and Ukraine 
supported by UNECE and OSCE 


 







  







Supporting benefit assessment to realize the 
potential value of transboundary water cooperation 
• A Policy Guidance Note Counting our gains: Identifying, Assessing and Communicating 


the Benefits of Transboundary Water Cooperation developed (3-year collaborative process, 
more than 120 experts involved, 27 countries represented) 


• Transboundary water cooperation generates more benefits than usually perceived 


• Okavango basin has started a benefits assessment, several other basins are considering 
applying the Guidance 


• Global workshop on benefits assessment planned in 2017 


 
  


On economic activities Beyond economic activities 


From improved 


water 


management 


Economic benefits 
 Expanded activity and productivity in economic 


sectors  


 Reduced cost of carrying out productive activities 


 Reduced economic impacts of water-related 


hazards (floods, droughts) … 


Social and environmental benefits 
 Health impacts 


 Employment and reduced poverty impacts  


 Improved access to services (electricity, water supply..)  


 Preservation of cultural resources or recreational opportunities.  


 Avoided/reduced habitat degradation and biodiversity loss 


From enhanced 


trust  


Regional economic cooperation 


benefits 
 Development of regional markets (for goods, 


services & labour) 


 Increase in cross-border investments 


 Development transnational infrastructure networks 


Peace and security benefits 
 Strengthening of international law 


 Increased geopolitical stability 


 Reduced risk and avoided cost of conflict  


 Savings from reduced military spending 


  







Assessment of the water-food-energy-ecosystems 
nexus in a nutshell 


• A series of assessments of basins for intersectoral links, trade-offs 
and benefits. Includes a review of the resource base, resource uses, 
governance… 


• Objective: Foster transboundary cooperation by 1) identifying 
intersectoral synergies; 2) determining policy measures and 
actions that could alleviate tensions; 3) assisting countries to 
optimize their use of resources 


• A methodology developed & successfully applied in the basins 
Alazani/Ganykh, Sava, Syr Darya, Isonzo/Soča   


• Synthesis publication launched at MOP7 


• Currently an assessment is ongoing in the Drina with emphasis on 
benefits of cooperation; North-Western Sahara  aquifer system to 
start soon  


 







Why a nexus approach is valuable? 


• Early sharing of information and 
consultation on plans allows for 
consideration of different interests 
and alternatives. Solutions may 
come from other sectors. 


• Nexus assessment to inform 
cooperation, policy and decisions for 
reconciling different resource uses! 


• Sectoral resource management (in "silos") fails to account for impacts across sectors and on the 
environment -> friction between sectors and countries, economic losses from inefficiency, 
sustainability compromised 


• Risks to investors: water availability or quality may change unexpectedly due to upstream 
developments, delays to projects may result from inadequate EIAs, political instability from 
disputes... 


• Conventional assessments do not go  
far enough and are not broad enough  







• Current practice of 
hydropower operation 


• Hydropower expansion in 
the basin and the role of 
regional projects 


• Foreign investments in 
the power generation 
sector (cooperation 
mechanisms) 


• Energy security and 
added potential for 
electricity exports  


ENERGY 


SECTOR 


Example: Where are some of the  
interlinkages in the Drina River Basin? 


CLIMATE 


ENVIRONMENT, 
AGRICULTURE, 


TOURISM  


• Nature reserves and 
protected areas 


• Tourism activities relevant 
for the region 


• Rural development needs, 
agricultural productivity 


• Preservation of 
ecosystems 


ECOSYSTEMS 


How to  
reconcile,  
co-optimize? 







Main categories of solutions identified 


• Institutions  (intersectoral, multiple level 
governance, engaging resource users, 
responsibilities etc.) 


• Information (multi-sector information to 
support policy, assessing impacts across 
sectors, guidelines etc.) 


• Instruments (economic instruments, SEA 
etc.) 


• Infrastructure (built and natural – 
investments, operation, multiple use designs 
etc.) 


• International coordination and 
cooperation (sharing information, plans, 
good practices etc.) 







Achievements on climate change adaptation/ flood 
management  


 


 


• Important legal framework for cooperation on transboundary aspects of climate change   


• Global platform for exchanging experience: Task Force on Water and Climate since 
2006, annual workshops since 2010 


• Knowledge management hub: Guidance and collection of good practices and lessons learned 
on Water and Adaptation to Climate Change, Model provisions on transb. Flood management 


• Programme of pilot projects and global network of transboundary basins working on 
climate change (Dniester, Neman, Niger, Congo, Mekong, etc.)  


Selected Achievements: 


 Transboundary vulnerability assessments for the Dniester and Chu Talas 


 Development of transboundary climate change adaptation strategies in Dniester and Neman which prioritize 
adaptation measures from basin perspective 


 Revival of transboundary cooperation at political level in the Neman basin through cooperation on climate 
change, contribution to RBMP 


 Implementation of adaptation measures in 3 areas in the Dniester:  monitoring and information exchange, 
ecosystem restoration,  awareness-raising. Reservoir modelling by AGWA  







Global network of basins working on climate change adaptation 
Global network of basins 
 







Future vision and activities on climate change 
beyond 2015 


 


 


• Increase recognition of the need for transboundary cooperation in climate change 
adaptation and disaster risk reduction 


• Further mainstream climate change into the water community  


• Exchange and collection of experience: e.g. focused on adaptation-mitigation 
linkages, scenarios, water scarcity, financing 


• Replicate and upscale experience of the pilot projects and ensure 
their sustainability:  


 Implement developed transboundary adaptation strategies, e.g. implement some 
measures: Neman, Dniester, Chu-Talas 


New basins in UNECE region having expressed interest: Alazani/Ganikh, Daugava, 
Mesozoic Transboundary Aquifer System (Belarus, Poland and Ukraine), Pripyat, Zapadny 
Bug, Panj, etc. 


New basins outside the UNECE-region: Congo, Mekong, etc. 







Opening, promotion and partnerships 


Promoting the Convention, its products and achievements, and transboundary water cooperation in general, 
and supporting its global opening by: 


Raising awareness and developing capacity on the Convention in non-parties, including by involving them 
in activities under the Convention; 


Promoting exchange of experience with other regions of the world;  


Ensuring synergies with other multilateral legal instruments on water; 


Supporting countries in their efforts to accede to the Convention.  


 


Providing forum for contributing to the implementation, monitoring and review of water-SDG through: 


intergovernmental framework,  


guidance documents and assessments 


potentially through reporting activities 







European Union Water Initiative and National Policy Dialogues 


Objective: strengthening water governance and application of IWRM principles, in particular intersectoral 
cooperation, in EECCA countries, in line with the principles of the Convention, the Protocol on Water and 
Health, the EU Water Framework Directive and other ECE and EU instruments. 


 


NPDs: 


• support the development and implementation of IWRM at the national, transboundary and regional levels  


• improve legal, regulatory, administrative, technical and economic frameworks  


• develop capacity through a dialogue process involving public authorities and civil society representatives  


• assist countries in achieving the water-related SDGs, as well as setting and implementing targets and target 
dates on sustainable water management, safe drinking water and adequate sanitation  


• support transposition of the respective water legislation (in countries with an EU Association Agreement) 


 


Operated through national Steering Committees (including high level key stakeholders and donor 
coordination mechanism)  


Outputs : policy packages (legislative acts, ministerial orders, development strategies and background 
studies), pilot projects, investment measures identified 







Thank you for your attention! 


More information  


including guidelines, publications and 
information on activities under the 


Convention can be found at: 


 


http://unece.org/env/water 


Bo.libert@unece.org 


Water.convention@unece.org 







PROBLEMS OF WATER RESOURCES MANAGEMENT OF THE CROSS-


BORDER LAKE KHANKA 


Georgievsky V. Yu., Shalygin A. L. 


State hydrological institute of Roshydromet 


Bolgov M. V. 


Institute of water problems of RAS 


 


Expanded theses of the report 


Implementation of water management actions for the purpose of management of the level 


regime of the Lake Khanka requires knowledge of regularities of forming of water balance of a 


reservoir for reasons for the engineering (managerial) decisions which are based on forecasts in a 


probabilistic form. Method of receipt of such forecast is modeling of fluctuations of level of a 


reservoir on the basis of the equation of water balance and probabilistic models of fluctuations of 


its components – inflow, rainfall and evaporation. 


 


Imitating modeling of the level regime of the Lake Khanka 


Implementations of output process (i.e. the level regime of the lake and the related 


discharge of the river Sungacha) turn out by means of the solution of the equation of water 


balance of the lake in a differential form with use of morphometric dependence of F(H) and 


dependence of therunoff from the lake from its level Q(H). 


Calculations of water balance were carried out for four options of water use including 


various conditions of outflow from the lake and scenarios of use of a runoff of river of Mulinghe 


(table 1).  


 


The simulated artificial series  of inflow, evaporation and rainfall were divided into pieces 


for 50 years, and calculation of future values of level repeatedly repeated at the same initial 


filling of the lake (69,9 m of BS) corresponding to a condition of the lake on 1/1/2016. Expected 


levels of the lake for all four options of calculation of 50% probabilityare given in the figure 1. 


 


The analysis of the received schedules shows that an interval of the probabilistic forecast in 


all cases of calculation rather big. Average values of level can differ for different scenarios at a 


size up to one meter. At the same time, it is obvious that the level regime of the lake in an 


essential measure is determined by runoff conditions from the lake by the river Sungacha and the 


diversion channel built in the early seventies as defines the direction of development of actions 


for decrease in the maximum levels of water in the lake. 
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Table 1 - Options of various conditions of a runoff from the lake and scenarios of use of a 


runoff of Mulinghe river for dynamic -stochastic modeling of water level in the Lake Khanka 


Option  Modes of use of water resources 
(scenarios) 


Markofathreshold 


(bar)in a source of the 


river Sungach,cm over 


zero schedule 


 


1 Natural mode  125 


2 Natural mode  180 


3 Transfer of a runoff of Mulinghe 
river and a water intake from the 
Lake Khanka 


125 


4 Transfer of a runoff of Mulinghe 
river and a water intake from the 
Lake Khanka 


180 


 


 


 
Figure 1 – Average value of expected water level of the Lake Khanka 


for the different scenarios of water use 


 


Efficiency evaluation of actions for regulation of level of the Lake Khanka 


The efficiency evaluation of actions for regulation of the level regime of the Lake Khanka 


is executed with use of dynamic -stochastic model of long-term fluctuations of water level, 


dependences of a runoff from the Lake Khanka from its level in case of implementation of 
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various actions, the simulated long ranks a component of water balance and the available data on 


regulation of a drain in the Chinese territory (table 2). 


 


 


Table 2 - Options of various actions for regulation of level of the Lake Khanka 


 


Option 
Вариант 


Name of an action 


1 Reduction of runoff of a drain of river of Mulinghe to Small 
KhankaСокращениепоступлениястокар. МулинхэвМалуюХанку 


2 Reconstruction of a diversion channel for the organization of additional 
dumping with a bottom mark in an exit from the lake of 68,5 m 


3 Calculation taking into account possible climatic changes 


4 Calculation taking into account irrevocable withdrawals 
 


One of the reasons of modern growth of level of the Lake Khanka is a transfer of a runoff 


of river of Mulinghe to the basin of the lake Small Khanka and then to the lake Khanka on 


system of channels, capacities and the regulating hydraulic engineering constructions. Transfer is 


carried out for fight against floods in lower reaches of river of Mulinghe and for providing the 


rice irrigating systems (RIS) with water. The thrown water partially is pumped on RIS and then 


generally dumped in the river Sungacha. The remained water collects in Small Khanka and, at 


excess of some set water level in Small Khanka, is dumped in the Lake Khanka, leading to 


growth of his level. Thus, the first action consists in reduction of direct dumping the waters to 


the lake and redirection of a part of a runoff directly in the river Sungacha. The executed water 


management calculations show that as a result of redistribution of the thrown flood’s runoff 


between Small Khanka and Sungacha river some decrease in settlement water levels in the lake 


is observed, however it is necessary to recognize that reliable data on a drain of river of 


Mulinghe are absent, hydraulic parameters of the channels, capacities and constructions located 


in the Chinese territory, and also the modes of operation of all system are known approximately. 


The second possible approach to regulation of water level in the lake consists in the 


increase in bed capacity of the river Sungacha and a diversion channel performing dumping of 


water from the Lake Khanka. R. Sungacha is a cross-border water object and therefore for this 


purpose first of all recovery of chanal capacity of the existing channel which is completely 


located in the Russian territory is recommended. The action consists in clearing of the head part 


of the chanal which is directly adjoining the Lake Khanka, clearing of the main course and in 


reconstruction of a node of merge of Sungacha, the damping channel and irrigation channel. The 
3 







effect of recovery of river capacity of the damping channel is very essential, especially to high 


levels of small probabilities. The water levels of 1% of security decrease by 60 cm, average 


long-term levels – approximately by 30 cm. 


The third option of calculations shows influence of possible climate changes on efficiency 


of the offered actions. Their accounting is executed by adjustment of parameters of distributions 


a component of water balance of the lake according to the accepted climatic scenarios. 


According to results of calculations it is possible to draw a conclusion that the expected climate 


changes will lead to growth of water levels in the lake, especially maximum values. 


The fourth option of calculations considers possible increase in irretrievable water 


consumption in the basin of the lake to 0,55 kmP


3
P in a year. The average level of the Lake Khanka 


and levels of the set (small) probability, when accounting amounts of irretrievable water 


consumption, significantly decrease. Thus, development of water capacious productions, first of 


all  a rise, can be considered as the action promoting decrease in the average and maximum 


levels of water in the Lake Khanka. The problem is that amounts of agricultural production shall 


be significantly increased, and it is possible only in the long term. 


As a result of the executed researches the system of priority engineering actions on 


regulation of the level regime of the Lake Khanka including increase in the capacity of a 


diversion channel, the organization of dumping of water from the flooded coastal territories and 


periodic clearing of bar in a source of the river Sungacha is offered. 
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The Khanka Lake and Sungacha River Catchment 


The total catchment area is 16890 km2, including Russian part of 15370  km2 (91%) 
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The long-term 


variations of the 


average annual water 


level of the Khanka 


Lake 
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The main morphometric characteristics of the Khanka Lake 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


4 


The main morphometric 
characteristics of the Khanka 


Lake 


taking into account 
flooded territories  


within its banks  


Lake area (fоз), km² 4955,5 4162,4 


Water volume (W), km³ 24,84 24,29 


Lake length (L), km 98,58 91,24 


Average width (Bav), km 50,27 45,62 


Maximal width (Bmax) , km 74,55 67,7 


Average depth (Hav), m 5,01 5,83 


Lake bottom slope (I), ‰ 0,5 0,6 
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Location of the diversion channels 


Sungach diversion 
channel 


Untitled diversion 
channel 
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Hydraulic Engineering Constructions (HEC) of the Chinese  water use system 


1- Hubei Gateway on the Mulinghe River; 2 - Dangdi (Musin) Channel; 3 – Qingshan Reservoir;  
4 - Discharge canals of the Qingshan Reservoir to rice irrigation systems and the River Sungacha;  
5 – the Small Khanka Lake ; 6 – 3 HEC in the isthmus between the Small Khanka Lake and the Khanka Lake 
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The Mulinghe River and Dangdi Channel  
Satellite image of 18.09.2013  
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Runoff regulation by the gateway 
on the Mulinghe River 







The digital model of the Sungacha River bar area  
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The Lake Khanka water balance 
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The Lake Khanka water balance inputs  


for 1949-2015 
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Precipitation 
2,64 km3  (57%) 


Inflow from Russian 
catchment territory 


1,87 km3  (40%) 


Inflow from the 
Small Khanka Lake 


0,11 km3(2%) 


Inflow from 
Chinese catchment  


territory 
0,05 km3(1%) 







The Lake Khanka water balance outputs  


for 1949-2015 
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Evaporation 
2,78 km3 (61%) 


The Sungacha 
River runoff  


1,54 km3 


 (34%) 


Irreclaimable 
water use  0,13 


km3  (3%) 


Diversion 
channels runoff  


0,06 km3 


  ( 1%) 


Episodic surface 
runoff  0,03 km3 


(1%) 







Correlation of actual and estimated annual 


increment levels for periods 
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The inflow of water to the Small Khanka Lake and outflow to the Khanka Lake 


through hydraulic engineering constructions 







Contribution of natural hydro-meteorological and 


anthropogenic factors to the change of the Khanka Lake 


level in the period from 1 Jan 2000 to 1 Jan 2016 


№  Factors 


Contribution of the factors to the 


level change  


cm % 


1 The total inflow into the lake, precipitation on the surface 


and evaporation, including: 153 82 


The total inflow into the lake 20 11 


Precipitation on the lake surface 43 23 


Evaporation 90 48 


2 Runoff to diversion channels  - 24 - 13 


3 Irreclaimable water use - 11 - 6 


4 Runoff  decrease of the Sungacha River as a result of 


water-carrying capacity decrease in its origin 35 19 


5 Water flow from the Small Khanka Lake as a result of 


transfer of part of the runoff of the Mulinghe River 
34 18 


Ʃ 187 Ʃ 100 


15 


The main contribution to the rise in the current level of the lake belongs to the natural hydro-meteorological factors– 
total inflow into the reservoir, precipitation on its surface and evaporation - 153 cm (82%). Anthropogenic impact is 


multidirectional.  Total its contribution to the current increase of the level equals to 34 cm (18%)  


 
  
 







 


Dynamic-stochastic water balance model of long-term 


fluctuations of the Khanka Lake level 


16 


• To develop a stochastic model of the lake level fluctuation, method used is 
modeling of artificial inflow series, precipitation and evaporation which are 
necessary to carry out simulation experiments for assessment the effects of 
various water-related activities implementation. 
 


• The method consists in modeling the values of water balance components, which 
are mutually correlated random processes by an expansion in aggregate natural 
orthogonal functions. 
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Options of various conditions of a runoff from the lake and scenarios of use of a runoff of 


Mulinghe river for dynamic-stochastic modeling of water level in the Lake Khanka 


The results of dynamic-stochastic water level modeling of the Lake Khanka  


for different calculation options  


Options Modes of use of water resources (scenarios) 


 


Mark of a threshold (bar) in a 


source of the River Sungacha, 


cm over zero 


1 Natural mode  125 


2 Natural mode  180 


3 Transfer of a runoff of Mulinghe river and a 


water intake from the Lake Khanka 


125 


4 Transfer of a runoff of Mulinghe river and a 


water intake from the Lake Khanka 


180 


Parameters of level 


distribution 


Option 1 Option 2 Option 3 Option 4 


The average lake level, m 68,75 69,02 69,24 69,77 


Asymmetry coefficient, Cs 0,26 0,18 0,14 0,17 


Mean square deviation, σ 0,54 0,52 0,85 0,82 


r(1) 0,84 0,85 0,85 0,86 


Average discharge of the 


Sungacha River, Q, m3/s 


54,9 54,7 69,1 68,6 







Probabilistic forecast  of the Khanka Lake level for the different scenarios of water use 
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Options of various actions for regulation of level of the Lake Khanka 
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Options Name of an action 


1 Reduction of runoff of a drain of the Mulinghe River to the Small Khanka Lake 


2 
Reconstruction of a diversion channel for the organization of additional dumping with 


a bottom mark in an exit from the lake of 68,5 m 


3 Calculation taking into account possible climatic changes 


4 Calculation taking into account irrevocable withdrawals 


The simulation results for a variety of design options on the Khanka Lake water level  regulation 


Parameters of level distribution 
Options 


1 2 3 4 


The average lake level, m 69,39 69,05 69,31 68,68 


Asymmetry coefficient, Cs 0,26 0,28 0,32 -0,08 


Mean square deviation, σ 0,65 0,54 0,57 0,60 


r(1) 0,83 0,73 0,73 0,76 


Average discharge of the Sungacha 


River, Q, m3/s 


54,4 54,6 68,9 36,2 







Proposals on actions for regulation of level of the Khanka Lake 


The first priority measures to regulate runoff from the Khanka Lake is a change of  


morphological elements limiting the water-carrying capacity of the River Sungacha 


and Sungachinsky Channel, hydraulic phenomena and liquidation of artificial 


constructions: 


 
• Liquidation of all constructions and dams in Sungachinsky Channel in its source up to the high mark of 


68.5 m, cleaning of its main channel to a width of 30 m and a depth of 2 m; 


• Engineering organization of water discharge from the flooded coastal areas via Sungachinsky and  


Alexanderovsky Channels; 


• Periodic cutting of the bar along the banks of the Khanka Lake in the source of the Sungacha River and 


Sungachinsky Channel; 


• This complex of measures can provide a passing through the channel up to 13 m3/s at the average 


water level of the lake and up to 42 m3/s without water overflow on flood plain. 


 


Hydraulic calculations showed that the channel of the Sungacha River and 


Sungachinsky Channel without limiting elements together can provide discharge 


passing of 107 m3/s without water overflow on flood plain, which is enough to 


regulate the lake level at any  variants of water use in the Chinese territory.  
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Thank you for your 
attentions! 
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Consequences of realization of Hailar (Argun) river flow transfer to 


Lake Hulun Nur 


N.L.Frolova 


Russia, Moscow, Lomonosov Moscow State University. 


 


Introduction. Modern water economic conditions in upstream of the Amur river are 


characterized by accruing seasonal deficiency of water resources, deterioration of water quality of 


transboundary water objects, occurrence of the mutual territorial claims as a result of influence on 


channel formation processes, reduction of fish population, and as a whole intensifying of man 


induced transformation of the natural ecosystems, aggravating a problem of conservation of a 


biodiversity. 


Water resources of the Hailar (Argun), and the lake Hulun Nur tributaries are used in 


interests of water supply, irrigation, water-power engineering, fish economy, navigation. An 


essential kind of water use is water withdrawal. Intensity of use of resources with a view of water 


supply, irrigation, water withdrawals substantially depends on number of population and its density. 


In the Chinese part of the watershed of the river Argun where it is formed about 70 % of its runoff, 


the population is more than 800 thousand inhabitants; here the agriculture and the industry are well 


developed. Presences here of rich coal-fields and growth of the population demand the solution of a 


problem of deficiency and quality of water. The long-term plan of hydraulic engineering 


construction is directed to solution of the specified water economic problems. The civil-engineering 


project of a water reservoir for irrigation on the river Heihe has been completed by this time, the 


multipurpose water reservoir  on the river Imine is being filled at present, the water transfer canal 


Hailar - Hulun Nur constructed and functions since 2009. Activities on construction of water 


reservoirs for power production, irrigation and for protection from flooding on the river of Hailar 


and its tributaries are intensively conducted. Here construction of three water reservoirs with total 


capacity more than 1 kmP


3
P planned. From planned projects, it is worth-while to note, a scheduled 


transfer of the flow (water withdrawal) from the river Khalkn for watering of inner areas of China 


and, in particular, for water supply of the coal thermal power stations.  


Objective of this research is the assessment of consequences of realization of optional 


versions of development of a water economic complex of the river Argun (including basins of the 


river of Hailar and the lake Hulun Nur) on its water regime. 







Methods. The assessment of consequences of realization of a complex of water economic 


actions in the Hailar river basin on the regime of flow of the river Argun at the intersection of 


frontier of the Russian Federation and the Peoples Republic of China is suggested to execute by 


imitation modelling calculations on the basis of the model of water economic system. The model of 


water economic system represents a combination of joints, capacities and canals binding separate 


water bodies. Entrance processes are: 1) inflow to the lake Hulun Nur, 2) discharge of the river 


Hailar at the cross section of water withdrawal, 3) depth of evaporation from the lake Hulun Nur 


surface, 4) rain precipitation on the lake surface. The main hydraulic and morphometric system 


characteristics of the system are: 1) relationship of the surface area of the lake Hulun Nur and of 


water level; 2) relationship of an outflow from the lake and of water level in the lake; 3) 


transmissive capacity and the regime of functioning of the canal for water transfer. The criterion of 


control of the lake (water level in it) is the value of a deflection of the water level from the average 


value. When water level is below the average value the flow transfer "joins". At the water level 


above the average value the canal does not function. Such kind of control is known under the name 


of a "relay" method. 


For realization of imitating calculations, artificial series of inflow into the lake and of the 


discharges of the river Hailar, and also depth (stratum) of evaporation from the water surface of the 


lake in volume for 100 000-year period are preliminarily modelled. For modelling the algorithm of 


generation of Markov’s sequences developed earlier with the set of a’priori asymmetrical 


distribution laws and a matrix of twin correlation coefficients between the processes (components), 


based on decomposing of fields by set of natural orthogonal functions is used. Transferring to 


monthly values of hydrological characteristics is carried out by a method of double sample. 


Imitating experiment was carried out as repeated monthly calculation of elements of water economy 


balance of the system being studied, including filling of the lake and discharges from it, and sequent 


statistical processing of results. 


The major element of the water economy system including endorheic lakes, are irreplaceable 


losses of water. Actually scenarios of development of water economy system in this particular case 


are also scenarios of growth of irreplaceable water consumption in a basin. In the paper, various 


scenarios of development of a water economy complex and the climatic changes realized further in 


the course of imitating experiments are considered. 


As a result of such calculations long series of fillings of the lake, and also water discharges 


of the river Argun in the cross section of the intersection of the State frontier for various variants of 


development of water economy system are received. 







Results. The analysis of results of imitating experiments shows that at essential development 


of water consumption on the Chinese part of the basin of the river Argun consequences for the 


hydrological regime can be significant. Consideration of various variants of water consumption has 


shown the following.  


At ideal "nature protection" control of the lake regime (a transfer of the flow from the river 


of Hailar into the lake Hulun Nur according to technical possibilities of the means of water transfer 


for stabilization of level without irreplaceable water consumption and losses in the course of the 


transfer), consequences of the project for the flow regime of the river Argun do not reveal critical 


character. Some depressing of the river flow possibly in first five years while filling up the lake up 


to "design" level will take place. 


As the average water level in the lake is provided with the average flow of the Kherlen and 


Orshun, in managerial process the stable water level regime will be achieved at fluctuation of level 


on altitudes above the average with spills to the Argun which compensate water withdrawal in the 


transfer seasons. Some additional losses are possible only dew to larger area of water evaporating 


surface. 


The variants bound to the growth of water consumption in the basin of the lake Hulun Nur, 


are characterized by a greater influence on the runoff of the Argun. That is natural as the runoff of 


the Hailar will be used for compensation of irrevocable losses bound to development of the industry 


growth. 


The worst variant arises at realization of the Peoples Republic of China programs of water 


economy structures development in the basin of the river of Hailar. The maximum water flow of 


summer months providing a regime of watering of water plains of the Argun River, can contract 


30-40 % in low water years. Such a conclusion is only based on the account of irreplaceable losses. 


Taking into account the character of regulation (seasonal redistribution of the runoff) in the basin of 


the river of Hailar, the decrease of the maximum flow will be even more essential as some water 


reservoir capacities are being constructed for flood control. More complicated situations may 


happen at possible climate changes in the river’s basin. 







ASPECTS OF IRTYSH'S BASIN WATER RESOURSES USE  
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Development of water facilities in many river basins is provided by the measures on rational 


use and conservation of water resources. Water resources management, of course, then harder, the 


higher the level of anthropogenic load. Water tension is greatly enhanced in transboundary water 


bodies. Upper Irtysh is a typical example of a water body with a high, almost maximum regulation.  


Note that with the steady growth of water consumption there is a significant deterioration of 


water quality and ecological status of water bodies. We aspire to analytical generalization of the 


problems with the subsequent development of recommendations and documents for the mutually 


beneficial management of water resources.  


Most important "partners" in water use for Russia are China and Kazakhstan Republics. 


Using of a river flow in the up current determines possibilities of water use in down current. It can 


become an occasion, both for the conflicts, and for cooperation. The similar situation has developed 


in the territory of the Irtysh basin. The upper part of the Irtysh River basin is located in People's 


Republic of China, the middle part is in the territory of the Kazakhstan Republic and the lower part 


of the basin belongs to the Russian Federation territory (fig. 1). 


 


 


 


 


 


 


 


 


 


 


 


2TFig. 1 0T2TOverview map0T2T of the Irtysh river basin 







Water resources of Irtysh are the real basis of development and settling of the territory Xian-


Zhan Uygurskoguo of the autonomous area (SUAR) in the People's Republic of China. 


Development of new territories of SUAR, using fuel and land resources seriously influences on 


water sufficiency of the accepting countries of river flow. 


It is known that in the nearest future water will become the main natural resource capable to 


provoke the conflicts. The reliable and correct technology of water use and water resources 


management of transboundary river is necessary. Contractual agreements have to regulate not only 


the general moments, but also, in details, the mechanism of distribution of the available water 


resources for different water conditions.         


Purpose and research tasks. The purpose of researches in this case consists in formulating 


problems of the basin and specific water-ecological objectives, to offer sequence of common efforts 


to save such unique water object as Irtysh river. It will allow to develop complex water 


management. The mode of the flow regulation  has to be connected to questions of water quality in 


transboundary site for different probability of water volume.  


Among the main objectives it is necessary to make the forecast of water management 


activity influence in the People's Republic of China and Kazakhstan territory at various scenarios of 


water consumption development. It necessary to take into account planned projects for regulation 


and territorial water redistribution. We believe that real researches results will lay in the foundation 


of technical and legal recommendations for effective water resources of Irtysh use by three 


interested countries.       


Specific objectives of comprehensive research in Russia [2] 


• Creation the representative hydrological data in transboundary sites of the basin of Irtysh on 


the basis of restoring the natural flow; 


• determination of volumes and the regime of water consumption and the transit release from 


Kazakhstan and Russia on the Irtysh, Ishim and Tobol in the planned prospect; 


• determination of volumes and the regime of water consumption above frontier of the 


People's Republic of China with Kazakhstan in the planned prospect; 


• determination of objective dependences between a quality of water and the volumes of a 


transit flow coming from boundarys;  


• Creation the simulation model for water-balance and hydrodinamical model for cascades 


of reservoirs: 


• Bukhtarminsky and Shulbinsky's cascade – the long-term compensated regulation of a flow 


from Bukhtarminsky hydroelectric power station to Kazakhstan with Russian Federation border  


(the territory of Kazakhstan, the basin of Irtysh);  


• cascade of the Vyacheslavskoe and Sergeevskoe reservoirs (Russia, basin of Ishim); 







• cascade of Upper-Tobolsk and Karatomarsky reservoirs (Kazakhstan, basin of Tobol)  


The similar analysis on a territory of the People's Republic of China and Kazakhstan can be 


done only by partnership forces. The Irtysh basin’s water management zoning scheme can be 


developed by common efforts of three countries.                 


Methods of researches. We can use several methods: theoretical analysis, imitation and 


optimization modeling, the analysis and generalization of model experiments results, comparison of 


experimental and natural data. 


The results of research. 


Currently, the authors of the report made a number of studies on the issues described above. 


In particular, we have a preliminary zoning of the basin and identified water management areas, 


including the area of the Black Irtysh. Estimated anthropogenic amendment for a flow in site of 


Bukhtarma power station.  We have considered some water use scenarios  in the Kazakhstan and 


Chinese territories. Preliminary water-balance calculations model for Bukhtarminsky and 


Shulbinsky's reservoirs cascade  is designed.  


Analysis of the existing agreements on international cooperation with three countries in the 


field of shared water resources of the Irtysh River from the point of view of the position occupied 


by each country showed that the resolution of disputes in terms of the processes of decision-making 


takes place only through bilateral negotiations. The question about tripartite cooperation in the field 


of sustainable use and management of water resources p. Irtysh remains open. 


An example of effective international cooperation is the Convention on the Protection and 


Use of Transboundary Watercourses and International Lakes, developed under the auspices of the 


UN European Economic Commission in Helsinki in 1992, which entered into force in 1996. The 


Convention has been ratified and signed by 34 countries. And we want the convention was 


workable. 


2TConclusion. 2TScenarios of water management and water consumption development can be 


different [1, 3]. But anyway it’s necessary to know planning parameters. All countries are interested 


in it. We believe that the only correct decision is development of the general Scheme of complex 


use and defense of water resources of the Irtysh basin, by analogy with Amur River.             
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THE PRESUPPOSITIONS OF IRTYSH's 


PROBLEMS 
 • Development of water facilities in many river basins is provided by 


the measures on rational use and preservation of water resources.  
Water resources management, of course, the harder, the higher the 
level of anthropogenic load. Water tension is greatly enhanced in 
transboundary water bodies. The basin of the upper Irtysh is a 
typical example of a water body with almost maximum regulation 
of a flow. 


• The most significant for Russia's "partners" in joint use of water are 
China and the Republic of Kazakhstan. Use of the river flow 
upstream determines the possibilities of water use in the lower 
reaches. This could be the reason both for conflict and for 
cooperation.  


• A similar situation exists in the territory of the Irtysh basin. The 
upper part of the Irtysh basin are located in the people's Republic 
of China, the middle part is located on the territory of the Republic 
of Kazakhstan and the lower part of the basin belongs to the 
territory of the Russian Federation 
 







 
OVERVIEW MAP OF THE IRTYSH RIVER BASIN 


 







 
THE NEED FOR COLLABORATIVE EFFORTS 
ON WATER RESOURCES MANAGEMENT 


 • It is known that in the near future water will 
become the most priority natural resource that is 
able to provoke foreign conflict and on the other 
hand to stimulate cooperation on water resources 
management in the society interest.  
Need reliable and accurate technology joint water 
use and water resources management in 
transboundary basins. Contractual agreements 
should be not only common things but also to 
detail the mechanism for allocation of available 
water resources in different water conditions. 


 







 
INTERNATIONAL DOCUMENTATION FOR 


TRANSBOUNDARY WATER USE 
 • 1966, Rules for the use of the international rivers flow", called 


the Helsinki rules.  
1992 Convention on the protection and use of transboundary 
water courses and international lakes and the transboundary 
effects of industrial accidents 
1997, New York. The UN Convention on the law of non-
navigational uses of international watercourses. 


• 1999, London. The Protocol on water and health – a Supplement 
to "the Convention of 1992" 


• 2003, Kyiv. The Protocol on civil liability and compensation for 
damage caused by the transboundary effects of industrial 
accidents on transboundary waters – the addition of "the 
Convention of 1992" 


• 2004, Berlin. "The Berlin rules on water resources-international» 
law Association (Committee on water resources) summarizes 
previous international experience on the use of transboundary 
water objects and released a new document 
 







 
KAZAKHSTAN AND CHINA-MEETINGS AND 


AGREEMENTS 


 • 1998-2001: preparation of a draft agreement between the Government 
of the Republic of Kazakhstan and people's Republic of China on 
cooperation in the sphere of use and protection of transboundary rivers. 


• September 2001: agreement between the Government of the Republic 
of Kazakhstan and people's Republic of China on cooperation in the 
sphere of use and protection of transboundary rivers. The agreement 
established the Kazakh-Chinese Joint Commission on use and protection 
of transboundary rivers 


• 2005 - agreement between the Ministry of agriculture and Ministry of 
water resources of China on emergency notification of the Parties about 
disasters on transboundary rivers. 


• December 2006 in Beijing signed the agreement between the Ministry of 
agriculture and Ministry of water resources of China on the development 
of research cooperation on transboundary rivers 


• 2006 - agreement between the Ministry of environment protection of 
Kazakhstan and the Ministry of water resources of China on the mutual 
exchange of hydrological and hydro chemical information of border 
gauging stations, the major transboundary rivers. 
 







KAZAKHSTAN AND CHINA-MEETINGS AND 
AGREEMENTS 


• 2008: Chinese President Hu Jintao and President of 
Kazakhstan Nursultan Nazarbayev agreed to create joint 
posts that alert the occurrence of various environmental 
problems and control the volume of water intake. Planned 
period – 2011-2014 


• 2011: the Agreement On the protection of water quality of 
transboundary rivers"  


• In 2011: was also adopted the agreement aboute 
distribution the water resources of  Irtysh and Ily before 
2014. 


• Currently signed joint Declaration between the two 
countries on further deepening the comprehensive strategic 
partnership. In accordance with the joint Declaration the 
parties agreed to start with 2015, the study and approval of 
the draft agreement on water sharing in transboundary 
rivers between Kazakhstan and people's Republic of China 
 







 
RUSSIA -KAZAKHSTAN. MEETINGS AND 


AGREEMENTS 
 • Agreement between the Government of the Republic of 


Kazakhstan and the Government of the Russian Federation 
on joint use and protection of transboundary waters 
(Orenburg, 1992).  


• 2010 year - a new intergovernmental Agreement (Ust-
Kamenogorsk) on joint use and protection of transboundary 
water objects. Since that time, Russian and Kazakh experts 
jointly with French colleagues began to develop the 
international project "Transboundary management of water 
resources of pool of the Irtysh river"  


• October, 2015 - The meeting of the Kazakh-Russian 
Commission on joint use and protection of transboundary 
waters took place in  Aktobe.  


• Between Kazakhstan And Russia is a permanent exchange of 
hydrometeorological, hydrological, hydrochemical and water 
information. 
 







 
RESULTS OF THE INTERNATIONAL PROJECT "TRANSBOUNDARY 


WATER MANAGEMENT OF THE IRTYSH RIVER BASIN"  


(RUSSIA-KAZAKHSTAN-FRANCE) 
(from the text V.KOSTAREVA, V.POLEVA S., A. A.TSENЁVA) 


 • In Kazakhstan supported by the Ministry of Finance of France from 1999 
to 2000 had performed the FASEP project (consortium OIE – ANTEA – 
safege), which identified a Programme of actions to improve water quality 
in the Irtysh basin in the Republic of Kazakhstan" in the three largest cities 
in the basin: Pavlodar, Semipalatinsk and Ust-Kamenogorsk. 


• The next step was the Project "Transboundary water management of the 
Irtysh river basin", carried out in the Republic of Kazakhstan and the 
Russian Federation with funding from a French environmental Fund 
(FFEM). 


• The principle of cross-border project management was approved by 
Kazakhstan and Russia in the form of memorandum 2000 year in Paris. In 
accordance with the Memorandum established the Project management 
structure, including the Supervisory Board and the Irtysh sub-
Commission. 


• The project was entrusted to a consortium of MBE – ANTEA (France). 
• Project goal: to provide water management of the Irtysh river, carried out 


jointly by the Russian Federation and the Republic of Kazakhstan. 







GENERAL OBJECTIVES OF THE PROJECT 
(from the text V.KOSTAREVA, V.POLEVA S., A. A.TSENЁVA) 


• Declared areas: diagnostics and monitoring; quantitative 
modeling; public awareness 


• The creation of The interstate system of assessment, 
monitoring and management of water resources of the 
Irtysh basin. 


• Improving the supply and quality of water resources of the 
Irtysh river by applying the principles of basin management. 


• The study area included the river Irtysh (from Buran to first 
station after the city of Omsk (about 1750 km). The project 
covers area of Eastern Kazakhstan and Pavlodar region 
includes Kazakhstan and Omsk oblast of Russia. 


• For effective management of the Irtysh waters was created 
by the information system IRBIS for control and data 
exchange on water use. 







 
TO BE IMPROVED IN THE FOLLOWING AREAS 


 
• Accounting for the behavior of the heavy metals 


being the main pollutants of the pool. 
Organization of observations of bottom 
sediments, aquatic plants, fish, soils in urban and 
industrial areas. 


• Construction of hydrogeochemical models for 
monitoring and analysis of water quality. 


• Continued optimization of the monitoring 
network by improving vulnerability maps and 
consideration of economic risks and factors. 


• The expansion of monitoring from the source of 
the Irtysh to the mouth 


 







 
SYSTEM COMPONENTS 


 
• In the course of the Project "Transboundary 


management of water resources of pool of the 
Irtysh river" was developed the main components 
of the system: 


• Database IRBIS developed in MS Access 
environment and is designed for storing reference 
data and their linkage with modern multivariate 
information. 


• Geographic information system developed using 
arc view software. 







 
MAIN OBJECTIVES OF THE PROJECT 
(from the text V.KOSTAREVA, V.POLEVA S., A. A.TSENЁVA) 


 • One of the main objectives of the project - creation of a generalized model of water 
balance of individual sections of the river Irtysh, with adjacent private catchment areas 
(water intakes and waste channels, evaporation from a water table, withdrawal of water 
saturation of rocks, the removal and addition of water during ice formation, etc.). 


• The ultimate goal of the development of hydrological models was the calculation of the 
forecast scenarios in real time. The model had to provide description in a wide range of 
hydrological and hydrogeological processes and water management systems. 


• The basis of the hydrological model are taken the equation of water balance. The 
hydrological model is composed for the average year. The components of the water 
balance was calculated over a monthly interval. To develop the model were thoroughly 
studied physical and geographical, meteorological, hydrological, hydrogeological 
conditions of the territory and the materials to water bodies. 


• The model is implemented in a software system using Visual Basic and Excel 
spreadsheets. Calculations can be made separately for each sector using the results of 
the previous phase to calculate to the next segment or for all sectors.  


•  Schematic diagram of the model allows to make a quantitative assessment of water 
resources on dedicated sectors for any period of any year with the appropriate source 
data. In addition, the model provides a forecast of changes in river runoff resources in 
the near future, the medium term (2020), long term forecast (2030). 


• As shown by the simulation results, the volume of the river flow by 2030, dramatically 
reduced, and during the summer period in all sites except sites of Omsk discharges of 
the river are reduced to zero. 
 







 
THE COMPLEXITY OF THE ORGANIZATION IRBIS 


 • The collection, storage, processing and 
dissemination of data by the various state 
organizations of the two countries. The data are 
mainly transmitted vertically, so the exchange 
between different professional organizations is 
virtually nonexistent. 


• It is necessary to develop normative documents 
regulating the exchange of multivariate 
information System IRBIS between organizations. 
This information pertains to integrated 
management, water resources, and degree 
impact on water bodies. 


 







 


EVALUATION OF PROJECT MATERIALS 
 


• Conducted ongoing research in the framework of 
the described projects are certainly a necessary 
element of the future picture of water resources 
management of the Irtysh river  


• At the same time, it should be noted that the 
pressing issues in the basin need to decide 
nearest time 


• Main objectives were formulated in General true, 
but some moments are questionable. 


 







 
EVALUATION OF PROJECT MATERIALS 


 • Project declared that "the Ultimate aim is developing 
hydrological models was the calculation of the 
forecast scenarios in real time. 


• The model has to provide description in a wide range 
of hydrological and hydrogeological processes and 
water use systems".   


• But before starting the forecast scenario in real time, 
it is necessary to develop the concept of water use in 
the basin.  


• This concept should lead to the best solution which is 
to arrange all countries concerned. Real concept 
should be agreed on the basis of reasonable 
compromises. 
 







 
EVALUATION OF PROJECT MATERIALS 


 • The concept should cover the period of 30-50 years for the next 
points: 


• - the volume and regime of water consumption in the three 
countries; 


• - the strategy of flow regulation by cascade of Shulbinskaya and 
Bukhtarminskaya reservoirs; 


• - obligations of China and Kazakhstan on the quantity and quality of 
the transit flow in the transboundary sites 


• Today, the water use below the border of Kazakhstan with Russia is 
associated with the Krasnogorsk waterworks, but this does not mean 
that Kazakhstan does not have any obligation. Scenario-based 
estimates with zero flow, declared in the project can not be 
considered reliable 


• Historically, the Bukhtarma reservoir provides a deep perennial 
compensating flow control. Shulbinsky reservoir was built to help 
Bukhtarma to provide  special release of water to the floodplain.  


• Beside this, the second phase of Shulbinsky Hydroelectric could 
change the concept of flow control. About all this there is no 
mention in the materials of the project. 
 







 
THE REDUCTION OF THE FLOW OF THE IRTYSH 


RIVER IN CHINA 
 • As already noted in 2011 Kazakhstan and China agreed on 


the joint section of water resources of transboundary rivers 
of Irtysh and Ily by 2014.  


• According to the plans of development of Western China in 
the coming years, Xinjiang will be turned into a regional 
and trade center in Central Asia with a further spread of 
influence and the Middle East.  


• • The Foundation of the plans is the development of water-
energy potential of Xinjiang through the construction of 
reservoirs and hydropower plants on the rivers which are 
transboundary with Kazakhstan.  


• According to preliminary estimates of scientists, 
consumptive water  from China is estimated 30 percent of 
the flow. There is a clear trend of increasing losses of flow 
due to future projects. 
 







 
THE IMPACT OF CHINA ON THE TRANSIT FLOW 


TO KAZAKHSTAN 
 • For China, water resources of the Irtysh is one of the 


foundations for the development and settlement of 
the territory Xian Zhang Uyghur Autonomous region 
(XUAR) of the Republic.  


• In the coming years with the development of new 
areas of XUAR, energy and land resources, there is a 
serious problem with the water supply of countries 
located downstream. 


• Scheme water management zoning of the Irtysh river 
to the border with Russia, is made in the work of mrs 
Bovina , gives an idea of the complexity of river basin 
systems and the extent of the impact on the the 
downstream parts of the river. 
 







SCHEME WATER MANAGEMENT ZONING 
 OF THE BLACK IRTYSH 







SCHEME WATER ZONING OF THE IRTYSH RIVER BASIN ON  THE 
TERRITORY OF KAZAKHSTAN 







 
THE MAIN TASKS OF THE MODERN PERIOD 


 • We have to formulate the problems of the river with 
specific engineering-environmental tasks  


• Propose a sequence of joint actions for the 
conservation such unique water body, as is the Irtysh 
basin. 


• It will give the opportunity to develop integrated 
water management and conservation water 
measures along with the regulation of the flow 
within each of the our countries. 


• flow control mode should be linked to issues of water 
quality in the transboundary alignments for the 
entire distribution function of a river flow, but not 
only for medium and extreme conditions. 


 







 
SPECIFIC OBJECTIVES AS PART OF  


INTEGRATED STUDIES 


 • Creation of a representative long-term hydrological information in cross-border 
cross-sections of the Irtysh River Basin based on restoration river flow; 


• Determination the volume and regime of water consumption and transit flow 
above the state borders of Kazakhstan and Russia on the rivers Irtysh, Tobol and 
Ishim in the planned term; 


• Determination the volume and regime of water consumption before the state 
border  Kazakhstan-China in project perspective; 


• Establishment of objective quality of water depending on the volume of transit 
flow in the cross-border cross-sections; 


• Development of a simulation model of water flow regulation and transformation 
of the river flow from  Buran before Russian border; 


• Calculations using the model  Bukhtarma-Shulbinsky cascade reservoirs in 
relation to the regime of long-term compensated flow regulation from the 
Bukhtarminskaya power plant to the Russian border with Kazakhstan ; 


• Cascade reservoirs Ishim basin; 
• Cascade reservoirs Tobol basin; 
• A similar analysis in China and Kazakhstan can be executed only by the forces 


"partners". Zoning of Irtysh basin should be developed jointly by the three 
countries. 
 







 
PRELIMINARY STUDIES 


 • The authors of the report made a number of 
studies on the problem described above. 


• Preliminary zoning Irtish basin was done; 
identified water management areas, including in 
the territory of the Black Irtysh. 


• Approximate estimation of anthropogenic runoff 
changes in the alignment of Bukhtarma HPP was 
made.  


• Considered several scenarios for use of water 
resources of the Irtysh in Kazakhstan and China. 
water-balance calculations were done for several 
scenarios of the water use 


 







PRELIMINARY STUDIES 
• implementation of territorial redistribution projects flow to China 


accompanied by a decrease in the inflow of Kazakhstan 1.58 - 4.5 
km3 per year. 


• All water users in the basin of the Irtysh are competitors. For the the 
most likely option of the considered ("relatively modern") maintain 
even the reduced discharges (600 m3 / s) is possible only within one 
month at the truncated floodplain releases. With regard to the 
energy releases, they are not provided throughout the winter; 


• to save a minimum of transport-energy volumes we have to 
abandon the floodplain releases; but it is very bad because the 
floodplain releases is important not only as providing the watering of 
pastures Pavlodar and Omsk region, but also as a carrier of sanitary 
and ecological functions; 


• regulation of the Irtysh flow requires substantial adjustment. The 
quantities of guaranteed water yield do evidence about the level of 
change. After clarification and harmonization flow regime in the 
region need to develop a reliable water management rules for 
cascade to Omsk. 
 







PRELIMINARY STUDIES 


• water supply to consumers below the border 
with Kazakhstan is connected with the 
construction of waterworks on r.Om and a 
number of other circumstances that require 
separate consideration; 


• water situation in the basin of the Irtysh river is 
largely determined by the water policies of the 
three countries. 


• to preserve the structure and value of the unique 
natural complex of the water and needed more 
action in the joint management of water 
resources. 


 







 
TO THE RULES OF WATER RESOURCES OF THE CASCADE 
BUKHTARMINSKAYA AND SHULBINSKAYA RESERVOIRS 


 • water management rules of cascade (PIVR) built on uncertain information and 
with virtually no stated purpose. Obviously, rules must be a single document 
for the two reservoirs. 


• Requires analysis of uniformity long-term hydrological series taking into 
account not only human influence, but also a possible trend caused by climate 
change. Separate attempts to obtain a representative series of flow exist, 
however, requires a complex analysis of many years of professional data with 
the participation of experts of the three countries. 


• The same applies to the volume and mode of water use, that can now only be 
considered as a possible development scenarios. We need certainty. This 
applies equally industry requirements (irrigation Kazakhstan, coordinated 
water intake in the people's Republic of China) and targeted releases 
(environmental, transport and energy). 


• Justification of special releases is decisive in this case. Required floodplain 
releases evolved from 4.5 km3 to 6.8 km3 (during last 25 years), and its the 
required reliability was not determined . Transportation releases should be 
clarified taking into account the drawdown of the river. 


• An important factor is the size of the losses and Bukhtarma Shulbinsky 
reservoirs for additional evaporation and filtration, which, vary depending on 
filling reservoirs (the difference is hundreds of millions of cubic meters per 
year) 







 


CONCLUSION 
 • Analysis of the existing treaties on international 


cooperation of the three countries in the field of 
shared water resources of the Irtysh River shows that 
the resolution of disputes within the framework of the 
decision-making process takes place only on the basis 
of bilateral negotiations.  


• The issue of trilateral cooperation in sustainable 
management and use of water resources r. Irtysh 
remains open. 


• scenarios of management of water resources  may be 
different. But certainty one way or another, is required 
for planning. All interested in this. We believe that the 
right decision - the development of joint scheme of use 
and protection of water resources of the Irtysh basin, 
similar to the Amur River. 
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Transboundary water management problems in the Amur R. basin are different and 


complicated due not only to natural landscape peculiarities, but also to water resource 


management specifics in each neighboring country. The Amur is the largest transboundary river 


in Eurasia. The Amur geographical location and dynamic natural processes in its basin make the 


river hydrological regime highly unstable and the natural environment there highly vulnerable to 


anthropogenic impacts. Therefore, the successful management of water problems is only possible 


through close international cooperation of scientific, public and government sectors. 


The present study was undertaken to reveal major transboundary environmental problems 


in the Amur basin and to identify management priorities on the basis of spatial natural and 


economic differences causing these problems. 


The main research objectives were as follows: 


- to identify transboundary natural and economic areas with similar water management 


problems; 


- to identify major problems of the use and protection of water resources within each 


territory; 


- to work out proposals for improving the Russian-Chinese cooperation on the 


management of transboundary waters. 


The comprehensive analysis of natural factors, affecting water resources, and economic 


specifics of their use helped reaching the research objectives.  


Nine transboundary natural-economic areas with similar water management problems 


were identified: the Argun R. basin; the Amur upper reaches; the Amur middle reaches; the 


Hinggang Canyon; the Middle-Amur Lowland; the Sungach and Ussuri rivers; Lake Khanka; 


Razdolnaya R. and Granitnaya R. (Table). 


In addition to direct impacts identified above there are several indirect factors, which 


significantly affect the Amur transboundary water resources in recent years, in particular: 


- the deforestation in the river basins caused by forest fires and extensive timber 


harvesting; 


- the active development of agricultural lands, including wetlands; the construction of 


numerous small hydraulic facilities; 







 


 Table. Major Areas of the Transboundary Water Resource Management and Problems in the 


Amur R. Basin  


Areas of the transboundary water 


resource management 


Water resource problems 


1. Argun R. Chemical pollution of transboundary waters, 


substantial withdrawal of river water  


2. Amur upper reaches Floodplain land and wetland reserves reduce in area 


and biological productivity 


3. Amur middle reaches Floodplain area reduces due to the construction of 


bank protection dams and the changing water regime 


of the river and the floodplain 


4. Hinggang Canyon N0Tegative aftereffects of floods 


5. Amur R. within the Middle-Amur 


Lowland 


Chemical and microbiological water pollution; highly 


intensive channel processes; water regime changes due 


to the construction of large hydropower plants; the 


total water flow reduction due to the intensive use of 


Songhua R. waters; negative impacts of floods 


6. Sungach and Ussuri rivers Highly intensive channel processes; the water flow 


redistribution between the river sub-channels; negative 


impacts of floods 


7. Lake Khanka basin Water level fluctuations, chemical and microbiological 


water pollution due to transboundary impacts on water 


bodies from all neighboring countries 


8. Razdolnaya R Chemical and microbiological water pollution 


9. Granitnaya R. Highly intensive channel processes and effects of river 


regulation  


 


- the desertification, soil pollution and salination due to climate changes and economic 


activities mainly in the Amur upper reaches; 


- the reduction of flora and fauna biodiversity in the Amur floodplain and wetlands and 


fish stocks in the Amur upper and middle reaches;  


- long dust storms, the air transfer of toxicants; 


- negative impacts of substances discharged from the Amur on ecosystems of the Japan 


and Okhotsk seas. 







Integrated measures to address transboundary environmental problems in the Amur 


valley should take into account the transboundary status the Amur R. and principles of nature 


conservation and management agreed between the neighboring countries. 


The joint Russian-Chinese monitoring of water quality in the Amur and Razdolnaya 


rivers needs further improvements in its operational efficiency. Satellite monitoring of the Amur 


basin environment seems to be a significant help to mitigate the aftereffects of technogenic 


disasters and accidents as making possible timely implementation of necessary measures, taking 


into account possible changes in the situation in different sections of the river. 


One of the most important tasks is working out a joint Russian-Chinese methodology for 


assessing the damage to water ecosystems caused by anthropogenic changes of the river water 


regime and channel processes. This methodology will serve the basis for the design and 


construction of hydraulic facilities in the Amur R. basin. 


The rational use of water resources in the Amur R. basin should target the conservation of 


the current river runoff, water quality improvements and no construction of dams in the Amur 


mainstream.  
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Research objective 


• The present study was undertaken to 


reveal major transboundary environmental 


problems in the Amur basin and to identify 


management priorities on the basis of 


spatial natural and economic differences 


causing these problems. 


 







The main research objectives   


•  - to identify transboundary natural and 


economic areas with similar water 


management problems; 


• - to identify major problems of the use and 


protection of water resources within each 


territory; 


• - to work out proposals for improving the 


Russian-Chinese cooperation on the 


management of transboundary waters. 
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Basin of the Amur river 







 
 
 
 


Major Areas of the Transboundary Water 
Resource Management and Problems in the 


Amur R. Basin  


 
 


Areas of the transboundary 


water resource management 


Water resource problems 


1. Argun river Chemical pollution of transboundary waters, substantial withdrawal of river water  


2. Amur upper reaches Floodplain land and wetland reserves reduce in area and biological productivity 


3. Amur middle reaches Floodplain area reduces due to the construction of bank protection dams and the 


changing water regime of the river and the floodplain 


4. Hinggang Canyon Negative aftereffects of floods 


5. Amur river within the 


Middle-Amur Lowland 


Chemical and microbiological water pollution; highly intensive channel processes; 


water regime changes due to the construction of large hydropower plants; the total 


water flow reduction due to the intensive use of Songhua R. waters; negative impacts 


of floods 


6. Sungach and Ussuri rivers Highly intensive channel processes; the water flow redistribution between the river 


sub-channels; negative impacts of floods 


7. Lake Khanka basin Water level fluctuations, chemical and microbiological water pollution due to 


transboundary impacts on water bodies from all neighboring countries 


8. Razdolnaya river Chemical and microbiological water pollution 


9. Granitnaya river Highly intensive channel processes and effects of river regulation  


  







Hydropower stations in the Amur 


basin and their influence 







The Amur River upper Khabarovsk after one of 
accidents in its basin   


  2003 г. 







Amur R. pollution 


with some metals 


near Khabarovsk 







Hydrotechnical facilities on the Amur 
near Khabarovsk - city 


 
 


Рис. 


 
Условные обозначения: 1- пойма; 2- польдер; 3- чистая вода; 4- загрязненная вода;  


5- переливная плотина; 6- временная плотина; 7- головной водозабор г. Хабаровска; 


8- насыпь. 







Anthropogenous influence on height of a 


flood of the Amur River at Khabarovsk 


 


11 


1- floodplain of Amur River, 2- polder, 3- the flooded part of the floodplain 


protected from a flood in the territory of the China, 4- flood dams, 5- dams in the 


river bed, 6- bridges, 7- place of break of a dam 







Dynamic of the Amur riverbed 


1893 


1946 


2000 


2000 


1992 


1974 







Erosion banks of the Amur river   







Russia 


China 


Different 


dams on the 


Amur river 







 Bank protection dams   


 







Transboundary environmental 


problems in the Amur basin  
     The joint Russian-Chinese monitoring of water quality in 


the Amur and Razdolnaya rivers needs further 


improvements in its operational efficiency.  


 


     One of the most important tasks is working out a joint 


Russian-Chinese methodology for assessing the damage 


to water ecosystems caused by anthropogenic changes of 


the river water regime and channel processes. 


  


     The rational use of water resources in the Amur river 


basin should target the conservation of the current river 


runoff, water quality improvements and no construction of 


dams in the Amur mainstream.  


 











Bychkov I.V., Nikitin V.M. (Irkutsk Scientific Center Siberian Branch of 
Russian Academy of Sciences) 


 
On a single interstate conception of protection and rational use of water 


resources in transboundary Selenga river basin 
 
 


           Currently, the cooperation between Mongolia and Russia in the field of protection and 


rational use of water resources is carried out in accordance with the "Agreement between the 


Government of the Russian Federation and the Government of Mongolia on the protection and 


use of transboundary waters" signed in Ulan-Bator on the 11P


th
P of February in 1995. 


Over 20 years have passed since the signing of the above Agreement. During this time 


there have been significant changes. First of all, fundamentally changed water law of Russia and 


Mongolia: in Russia in 1999 was adopted the law "On protection of lake Baikal", in 2006 - 


"Water code," in Mongolia in 2004 was adopted the law "On the water", in 2007 – the law "On 


renewable energy", in 2009 – the law “On prohibition of exploration and mining in the 


headwaters of rivers, water protection zones and forest lands", in 2010 – "National water 


program", in 2012 – new law "On water". New projects and directions of use of water resources 


appeared, water management system of transboundary basin is developing, anthropogenic impact 


on water objects has increased, the requirements for the protection of water resources and 


prevention of damage has tightened, and finally, there are significant changes in economic and 


social conditions, especially in Mongolia – the growth of population, industrial and agricultural 


production, energy demand. In recent years, in the basins of Selenga river and lake Baikal there 


was a significant change of climatic conditions associated  with global climate change. In 1996-


2013 in the basins of Selenga and lake Baikal it was long dry period, in 2014-2015, it moved into 


a phase of catastrophic water shortage in the basin of lake Baikal. It is necessary to consider this 


factor when planning the development of transboundary basin. 


The Mongolian side initiated the preparation of a number of projects on the regulation of 


river flow and construction of hydrotechnic structures in transboundary Selenga river basin (HPP 


Shuren, Egiingol HPP, the project "Orkhon" and others). These projects will inevitably lead to 


changes in existing conditions and principles of water resources management of transboundary 


Selenga river basin, will have an impact on the surrounding areas, their economies and 


ecosystems, including in the Russian Federation. In the result of intra-annual flow regulation 


there will be changes in the natural processes of the climatic, biological, hydrological ( there will 


be a great increase in winter runoff and decrease in summer). There will be changes in  working 


conditions for  water users in the Russian part of Selenga river basin and lake Baikal (fish and 







agriculture, water transport, domestic sector, etc.). Particular danger are dry years and periods of 


filling of the reservoirs. 


The Agreement of 1995 is largely a framework nature, non-specific mechanisms of 


influence of one of the parties in terms of regulation (redistribution) of the runoff of Selenga 


river and a possible conflict of interest, especially in the period of  water deficit in dry periods. 


The current joint authority – Institute of Commissioners – does not have a permanent structure 


responsible for the preparation and implementation of decisions, unlike those used in modern 


international and Russian practice of bilateral joint bodies and commissions. 


In this regard, it seems necessary to develop a single international concept of protection 


and rational use of water resources in transboundary Selenga river basin (TSRB) under article 3 


of the Agreement based on the basin approach, taking into account the current state of the pool 


and its development in the future. 


 


The purpose of concept development is the development and improvement of 


organizational, legal, informational and methodological framework and mechanisms of 


cooperation between Russia and Mongolia in the field of protection, rational use and 


management of water resources of TSRB in total of ecological, socio - economic, water 


management and other factors in the public interest and sustainable development of the parties. 


 


Main tasks: 


 


1. Developing a consensual information and normative-methodical base of TSRB. 


 


2. The improvement of hydrological, ecological and socio-hygienic monitoring; development of 


unified system of monitoring water quality (with a choice of the uniform standards of water 


quality) and ecosystem condition, including the selection of the most important criteria and 


indicators for monitoring TSRB. 


 


3. Development of proposals to prevent (mitigate) harmful effects of water, including floods, ice 


formation, sedimentation, coastal erosion, pollution, etc. 


 


4. Complex assessment of the impact on the environment, ecosystems basins of Selenga and 


Baikal lake and socio-economic infrastructure projects of construction of HPP in TSRB. 


 


5. Development of proposals for flow regulation, the definition of "environmental flow" on the 


border of Russia and Mongolia for the normal and extreme conditions of water availability. 







 


6. Project development of interstate plan (strategy) on water resources management, modes of 


regulation of the flow of TSRB through an integrated basin approach, considering present and 


future conditions. 


 


7. Preparation of proposals for a new Agreement between the governments of the Russian 


Federation and Mongolia on cooperation in the field of protection and use of water resources, 


sustainable development of TSRB taking into account national legislation and current 


international practices. 


 


The concept should become an information-methodical basis determining strategy for a 


new stage of cooperation between Russia and Mongolia in the field of protection and use of 


water resources of TSRB. 







Irkutsk – 2016 


United interstate conception of protection and use 


of water resources of transboundary basin of 


Selenga River 


I.V. Bychkov, V.M. Nikitin 


 


 Melentiev energy systems Institute SB RAS 


Irkutsk scientific center  SB RAS 







Territorial boundaries of Interconnected Power System (IPS) of 


Siberia and the Angara-Yenisei basin 


The Angara-Yenisei basin 


The Yenisei basin 


The Lake Baikal  


basin 


Irkutsk HPP 


Bratsk HPP 


Ust-Ilimsk HPP 


Boguchany HPP 


The Angara  


basin 


Sayano-Shushenskaya  


HPP 


Krasnoyarsk HPP 


IPS of Siberia  


2 


Basin Basin area, km2 Average long-


term outflow, 


km3 per year 


Enisey (including Angara and Baikal) 2580000 624,4 


Baikal (including Selenga) 591360 59,7 


Selenga including: 447000 29,5 


- Russian territory 150000 20,0 


- Mongolia territory 297000 9,5 







The basins of Angara, Baikal and Selenga 


3 







The cooperation of Russia and Mongolia in the transboundary basin 


of Selenga river (TBSB) 


1995 - «The agreement between the governments of Russia and Mongolia on the 
protection and use of transboundary waters, signed in Ulan-Bator (11.02.1995) 


 


The changes in water legislation of Russia and Mongolia in 1996-2015:  


Russia: 


1999  –  the law "On protection of lake Baikal"; 


2006 – «Water code»; 


Мongolia: 


2004, 2012 – the law «Оn water»; 


2007  – the law "On renewable energy“; 


2009  – the law “On prohibition of exploration and mining in the headwaters of rivers, 
water protection zones and forest lands”. 


 


 


2011-2015 – Mongolia initiated the preparation of a number of projects on the 
regulation of river flow and construction of hydraulic structures in transboundary 
Selenga river basin (HPP Shuren, Egiinskaya HPP, Chargait HPP (Delger-Myren), 
Orkhon HPP and the project of construction of water-pipe Orkhon-Gobi).  


4 
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The location of planned HPP in transboundary of Selenga river basin:  
Shuren HPP– 245 MW Egiin-gol HPP– 315 MW  
Orkhon HPP – 100 MW Chargait HPP (Delger-Muren) – 25 MW 
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THE CHANGES OF  HYDROLOGICAL REGIMES: 


the runoff of Selenga river on the border of Russia (Naushki) in winter period under natural 
conditions may reduce to 30 m3/s and below, and with  joint operation of  Shuren HPP,  
Eg-gol HPP and Orkhon HPP this value can be 10 times higher: at the level of long-term 
average 300 m3/s – as a result of the drawdown of accumulated hydroelectric resources in 
the reservoirs during the summer, which may completely change the hydrological regime of  
Selenga river below these HES. 
 


 


1.  The change in the already existing natural processes: climate, biological, 
hydrogeological, hydrochemical, etc. 


 


2. The change of conditions of using and protection of transboundary water 
resources in the basin of Selenga river: the change in natural runoff of 
Selenga river, the changes in the conditions of water users and water consumers 
in Russian part of Selenga river basin and lake Baikal (fisheries, water transport, 
agriculture and domestic sector, etc.); 
 


3. The change in the ecosystems of Selenga river and lake Baikal 
 


Possible consequences of the construction of HPP in Mongolia 







About the Agreement between the governments of Russian 


Federation and Mongolia 


The agreement of 1995 is largely a framework nature, non-


specific mechanisms of influence of one of the parties in 


terms of regulation (redistribution) of the runoff of Selenga 


river and a possible conflict of interest, especially in the 


period of  water deficit in dry periods.  


The current joint authority – Institute of Commissioners – 


does not have a permanent structure responsible for the 


preparation and implementation of decisions, unlike those 


used in modern international and Russian practice of 


bilateral joint bodies and commissions. 


There is a need to develop a single international concept 


of protection and rational use of water resources in 


transboundary Selenga river basin.  







The purpose of concept development 


the development and improvement of organizational, 


legal, informational and methodological framework and 


mechanisms of cooperation between Russia and 


Mongolia in the field of protection, rational use and 


management of water resources of TBSB in total of 


ecological, socio - economic, water management and 


other factors in the public interest and sustainable 


development of the parties. 
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1. Developing a consensual information and normative-
methodical base of TBSB. 


 


2. The improvement of hydrological, ecological and socio-
hygienic monitoring; development of unified system of 
monitoring water quality (with a choice of the uniform 
standards of water quality) and ecosystem condition, 
including the selection of the most important criteria and 
indicators for monitoring TBSB. 


 


3. Development of proposals to prevent (mitigate) harmful 
effects of water, including floods, ice formation, 
sedimentation, coastal erosion, pollution, etc. 


 


 


 


 


4. критериев и индикаторов мониторинга в ТГБС. 
 


5. Разработка предложений по предотвращению 
(смягчению) вредного воздействия вод, включая 
наводнения, паводки, льдообразования, заиления, 
эрозию берегов, загрязнения и др. 


The main tasks of the Conception 
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4. Complex assessment of the impact on the environment, ecosystems, 


basins of  Selenga and Baikal lake and socio-economic infrastructure 


projects of construction of HES in TBSB. 


 


5. Development of proposals for flow regulation, the definition of 


"environmental flow" on the border of Russia and Mongolia for the normal 


and extreme conditions of water availability. 


 


6. Project development of interstate plan (strategy) on water resources 


management, modes of regulation of the flow of TBSB through an 


integrated basin approach, considering present and future conditions. 


 


7. Preparation of proposals for a new Agreement between the governments 


of the Russian Federation and Mongolia on cooperation in the field of 


protection and use of water resources, sustainable development of TBSB 


taking into account national legislation and current international practices. 


The main tasks of the Conception 
(continue) 
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Ecological and legal aspects of providing of the rational use of transfrontal water 


resources of the Samur river 
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The study of biological variety and terms of his maintenance presents one of major tasks, 


a decision of that is the mortgage of providing of the steady functioning of naturally-territorial 


complexes. His actuality follows from a necessity to optimize the use of natural resources, bring 


down the consequences of the economic affecting biota. It touches such specific natural 


educations, as ecosystem of river deltas directly, in particular deltas of the Samur river, where 


the substantial change of habitat registers oneself under influence of scale aquicultural building. 


Therefore in a modern period essential is a study of all complex of ecological, aquicultural and 


legal questions of guard of natural biological complex of delta of the transfrontal Samur river. 


For establishment of conformities to law of cause reason line of degradation and 


evolution of soil-vegetable cover of river-delta ecosystems soil-biological researches were 


conducted in the delta of the Samur river, study of spatial-temporal conformities to law and 


features of change of morthodynamic descriptions of her river-bed. 


For the achievement of the put aim materials of geologic-hydrologic and soil-geobotanic 


researches of past years, and also results of profile-rout and soil-biological researches, were 


studied. The changes of morthodinamic descriptions of river-bed were estimated by the 


calculation of separate areas of areas of поймы from the midline of river-bed, analysis of large-


scale maps produced in the middle the XIX century, rout inspection of river-bed of the Samur 


river. 


The delta of the Samur river with his tertiary liana forests and highly productive pratal-


forest soils occupies the south outskirts of the Seashore lowland of Dagestan and north part of 


Samur-Divchinskiy of lowland of Azerbaijan, close fitting closely to the coast of the Caspian 


sea. A delta builds alluvial alluviums that are, mainly, from pebbles with the admixture of sand 


and clay. In the moment of abounding in water floods of water of Samur flood I will understand 


a delta. Besides a superficial flow, here is a subriver-bed flow that wedge in as numerous springs 


and together with lauter waters gives powerful streams. It creates the original hydrological mode, 


providing moistening of soils and development of the unique river-delta forests with a 


magnificent sylva [2, 3,4]. 







Sprouting of the river-delta liana forests having the soil-ground moistening, it is 


indissolubly related to functioning of subriver-bed fresh waters of the Samur river, that they feed 


on. In turn subsoil and subriver-bed waters of delta of Samur river are actively related to surface-


water and atmospheric sinking on all area of delta. Intercommunication of them clearly shows up 


at the long periods of drought, by reduction of rate-of-flow of Samur river and conformable 


decline of water-table a from 0,8 to 8 m.  


The favourable hydrological mode and stratified alluvial sedimentations, consisting 


mainly of pebbles with the admixture of river sand and silt, assisted forming in the delta of 


Самура of original type of pratal-forest (tugai) soils. Pratal-forest soils behave to the class Samur 


river of intrazonal soils formed exceptionally in river-delta ecosystems on alluvial alluviums by 


the laid sedimentations with the admixture of sand, loams and clays at the comparatively near 


bedding of in unsalt or poorly mineralized subsoil waters [2,3].  


In the middle of 50 of past century with the purpose of land development under 


agricultural lands in Seashore and Samur-Divichinskiy of lowland, decision of problem of 


drinkable water-supply of separate territories, scale aquacultural transformations are realized, 


beginning it was fixed that building in 1956 in overhead part of delta of Samur of the hydro-


electric station. As a result of withdrawal thus near a 70% annual flow of the Samur river on the 


needs of irrigation and drinkable water-supply [5,6], the problem of maintenance of unique 


biological complex was intensifyed, substantially the processes of silting-up, bringing the 


alluviums of overhead race of the hydro-electric station activated and transformation of river-bed 


and streamside processes is marked in a delta.  


The anthropogenic change of river river-bed becomes the basic factor of development of 


ecological tension in the delta of the Samur river, causing transformation and degradation of 


unique ecosystem and creating unfavorable terms for the vital functions of people. If there are 


processes of transformation of river-bed in the overhead and middle flow of the Samur river, 


conditioned by the natural process of threading-in of the river in a hypsography, then the 


accumulation of alluviums, silting-up and subsequent displacement of river-bed toward territory 


of Russian Federation, registers oneself in a lower flow. The most strong changes in 


development of river-bed processes show up in the delta of the Samur river. Before it is 


expressed in the decline of flow of alluvium, washing away and lowering of marks of bottom of 


river-bed, increase and drainage of flood-lands, changing of type of river-bed processes. 


It results in the decline of water-table, to the increase mineralization of underwaters, to 


substantial reduction of hard flow of alluviums in the mouth of delta. Investigation is a loss of 


biological variety, weakening of stability of natural ecosystems. The area of the forests grew 


short in 4 times, there is reduction of project coverage of grassy plants, the amount of lianas went 







down, high height valuable breeds of trees especially oak. In too time, the height of amount of 


ruderal plants is marked. More than 60% areas of the forests behave to the 3th degree of 


degradation. Making progress degradation of Samur river of the forests puts maintenance of fat 


pratal-forest lands under a threat. 


For the examined territory the tendency of fadeaway of springs of Kara-su river, 


hydrological mode of that, is characteristic, in a great deal determined by the forest. These 


springs have a large fishing industry value and are the mestome of spawning-grounds of кутума. 


The consequence of degradation of the forest can be the complete drying out of springs and, 


consequently, disappearance of fish, as a salmon disappeared after shallowing of the Samur 


rivers and Small Samur [1]. 


 In future, with the forecast expansion of influence of all types of activity of man on the 


natural complexes of delta, the process of degradation can be accelerated and aggravated. Basic 


negative influence on the state of natural biocomplex is bound by the complex mastering of 


water resources of the transfrontal Samur river with the substantial exceeding of threshold of 


possible withdrawal of her natural flow. 
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The Samur forest borders of the Republic 
Dagestan territory 


Сл.№5 



















Fluctuation of the Caspian Sea level 


Geological features of the delta 


Free wandering of the river bed in the delta 


Specific features of the Samur River hydrology 


Bias of  the terrain 







Flora of forest complexes – 450 species 


263 genus 74 familia 


Floristic list of vascular plants includes  


1084 species 


488 genus 103 familia 







English oak - Quercus  robur (pedunculata) 
Ehrh. 


Bearded alder - Alnus barbata C.A.Mey. 


White (silvery) poplar - Populus alba L. 


Black poplar - Populus nigra L. 
 


Caucasian hornbeam-  Carpinus caucasica Grossh. 


White (silvery) willow - 
Southern  willow - 


Salix alba L. 
Salix exelsa S.G. Gmelin 


 


High smilax Smilax exelsa L. 























salix 


alnus 


populus quercus 


carpinus 


The regularities of change of one forest by another, which 
determined by space-time fluctuations of the water mode, are 
characteristic of forest vegetation of the delta 











• Groundwater 
level 0,5-2,5 m 


• Groundwater 
level 1-2,6 m 


• Groundwater 
level 1-2,5 m 


• Groundwater 
level 2-2,5 m 


Meadow-
chestnut 


soils  


Meadow 
soils 


   Alluvial 
meadow-


forest soils 


Meadow-
forest 


typical soils  











 


Deltoid Liana forest: 15 types of Mediterranean 
lianas;14 types of tertiary relicts;3 endemic species; 16 
most rare species, listed in the «Red book of the 
USSR»; the gigantism of some plants 


 


- Specific climatic conditions with features of dry 
subtropics; 


- Highly productive alluvial meadow-forest soils, 
having a high bonitet 


Special hydrological regime, characterized by the 
proximity of groundwaters, many springs and 
streams that are directly dependent on the volume 
flow of the Samur river 
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Samur water-engineering system 







ACCORDING TO THE PROTOCOL OF THE 
MINISTRY OF WATER RESOURCES OF 
THE USSR  DATED 07.10.1967 


IN ACCORDANCE WITH THE 
INTERGOVERNMENTAL 
AGREEMENT DATED 03.09.2011 


Эклоги
ч.попус


к


34%


Доля 
РД


17%


Доля 
РА


49%


Эколог
ич.попу


ск
30%


Доля 
РД


35%


Доля 
РА


35%







Wgh = 258.7725 млн.м3 


Wg75 = 748.98 млн.м3 







Forest area 


 


Reduction over the past 50 years  in 4 times from 100 thousand to 24 


thousand hectares  


Phytocoenosis decrease in a projective covering; reduction of quantity of lianas, tall kinds of 


valuable trees, especially oak; 


growth of weed species of plants, prevalence of middle-aged plantings, 


domination of less hygrophilous breeds 


 


Fauna loss of rare species of birds - pheasants, partridges and trade animals – 
a roe, wild boars; 
total loss of spawning areas of valuable species of fish – sturgeon and 
the Samur salmon, difficulty of natural reproduction of kutum 


 


Soils Fertile meadow-forest soils  evolve in a stage of steppe meadow-
chestnut soils 


Hydrological 


regime 


Reduction of the river flow into the Delta;The decline in groundwater levels in 


the Delta (up to 3 meters);The increase in mineralization of underground 


waters ( 1.5 times).Reduction of solid flow of the Samur river 


Current negative trends in a biocomplex of the Samur River delta 







DYNAMICS OF WATER USE FOR  THE 
MUNICIPAL SUPPLY OF THE CITY OF 
DERBENTЕНТ 


 POTENTIAL NEED FOR  THE USE OF THE 
WATERS OF THE RIVER SAMUR 


тыс.м3/сут. 







60-70 years of the 20th century 2010 year 







Methods Annual values 


The amount of integrated discharge, 
GIPRORYBFLOT 


909  


according to the Protocol of 1967 662,4 


On SKIOVR of the Samur River (1983) 284,8  


Method Q95 % 126 


Method of Research institute of water 
problems of Azerbaijanна 


388 


JSC Sevkavgiprovodkhoz 1100 


By Agreement  2011 year 547 


The recommendation of the Institute of 
Water Problems of RAS 


Not less than 50% of a 
daily runoff 


Values of environmental discharges in the SGU 
alignment, calculated in different way, million m3 







 The basis for the functioning of the unique 
biocomplex of the Samur Delta - is a historically 
developed hydraulically connected surface and 
groundwater streams. The economic impact on the 
existing natural hydrological processes affects on the 
condition of vegetation and soil cover through surface 
and subsurface runoff.  
  
 Excessive withdrawal of water resources of the 
transboundary Samur river for irrigation and municipal 
supply, in combination with the arid climatic regime 
causes irreversible processes in the composition and  
structure of the biocomplex. Especially strong negative 
influence affects on vegetation in forest plant 
communities, causing profound changes in the natural 
course of succession. 







In order to preserve a biocomplex of the Samur delta it 
is necessary: 
- to realize the scientifically based strategy of ensuring 
rational water use and an ecological safety in the delta; 
- to modernize the entire complex of the water 
intaking, water transporting constructions in the 
territory of the Republic of Dagestan; 
- to change the legal status of protected areas in this 
district;  
- to exclude economic activity on the territory of the 
existing protected areas;  
- to reach agreement with Azerbaijan on amount of 
ecological discharges at the rate to 50% of the annual 
runoff and ensure provision of discharges in the 
winter-spring period not below the minimum average 
monthly expenses of a winter low water period of year 


of 95% sufficiency 







PRINCIPLES OF DISTRIBUTION OF UNDERGROUND WATER RESOURCE POTENTIAL 
IN TRANSBOUNDARY AREAS BETWEEN NEIGHBORING 


STATES 
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1. The problem of transboundary water resources distribution between neighboring states 


exists millions of years. However throughout the history of the problem solution only disposable 


surface water resources have been considered. Problems of disposable groundwater resources or 


resource potentialP0F


1
P distribution between neighboring states have been essentially considered in 


rare cases, when dealing with controversial or disputed issues related to the limited quantity of 


water intake on different sides of the state border. Therefore, the problems of groundwater 


resources distribution and the possible volume of water intake within transboundary territories 


on different sides of state borders have not been solved at the regulatory level yet, and even have 


not been studied at scientific and methodical hydrogeological level. 


2. The analysis of possible variants of the hydrogeological study of interstate distribution 


of groundwater resource potential, first of all shall be based on the estimation of its volume. 


Unlike surface water, where the available resources are estimated by measuring the flow rate of 


border rivers, this value referred to the groundwater can be only determined by means of 


calculation. 


3. Estimation theory and methods of groundwater resource potential is well-developed in 


the Russian Federation. These methods are the base of regional estimation of resource potential 


for the whole territory of Russia, constituent entities of the Federation individually, large 


hydrogeological structures, geographical regions and river basins, as well as for groundwater 


deposits and their local areas. The calculations are usually carried out using hydrodynamic 


(analytical, numerical and analytical or numerical simulation) method according to analogues 


and expert assessments. 


4. The reasonable distribution of the estimated groundwater resources between 


neighboring states shall be based on the following principle: Ucurrent underground watershed in 


the productive aquifers for estimated water intake operation shall correspond to the state border. 


This problem can be most effectively solved using numerical simulation methods. At 


that, the developed mathematical model can be used both at the stage of preliminary calculations 


1 Terms "disposable resources" and "groundwater resource potential" are regarded as  
Synonyms 
*“Hydrogeological and Geoecological Company “HYDEC” (CJSC “HYDEC”) 
**Russian State Geological Prospecting n.a. S. Ordzhonikidze (MGRI-RSGPU) 
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of the resources and their distribution between the neighboring states, and also as a tool for 


managing and monitoring of groundwater condition during its exploration and use. 


5. Generally the distribution of groundwater resources can be usually carried out for two 


types of estimated or actual water intake systems: areal and linear. The second case is most 


applicable for infiltration water intake operation in the valleys of border rivers. 


In this case, the joint distribution of disposable groundwater and surface water resources 


becomes extremely important. 


6. The monitoring of border areas groundwater condition and the volume of water intake, 


taking into account its limitation, requires the creation of specialized monitoring systems and 


permanently operating models. 


7. The proposed principles require the appropriate scientific and methodological studies, 


as well as the development of rules and regulations for their implementation. 
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1. Проблема распределения трансграничных водных ресурсов между соседними 


государствами насчитывает не одно тысячелетие. Но на протяжении всей истории 


решения этой проблемы рассматривались только располагаемые ресурсы поверхностных 


вод. Вопросы разделения между соседними государствами располагаемых ресурсов 


подземных вод или их ресурсного потенциала по существу рассматривались в единичных 


случаях при решении спорных или даже конфликтных вопросов, связанных с 


лимитированием величины водоотбора по разные стороны государственной границы. 


Поэтому вопросы распределения ресурсов подземных вод и возможной величины 


вооотбора в пределах трансграничных территорий по разные стороны государственных 


границ до настоящего времени не нашли не только нормативно-правового отражения, но 


также научного и методического гидрогеологического обоснования 


1. The problem of transboundary water resources distribution between neighboring states exists 


millions of years. However throughout the history of the problem solution only disposable 


surface water resources have been considered. Problems of disposable groundwater resources or 


resource potential distribution between neighboring states have been essentially considered in 


rare cases, when dealing with controversial or disputed issues related to the limited quantity of 


water intake on different sides of the state border. Therefore, the problems of groundwater 


resources distribution and the possible volume of water intake within transboundary territories 


on different sides of state borders have not been solved at the regulatory level yet, and even have 


not been studied at scientific and methodical hydrogeological level 







2.  Анализ возможных вариантов гидрогеологического обоснования 


межгосударственного распределения ресурсного потенциала подземных вод, 


прежде всего, должен базироваться на оценке его величины. В отличие от 


поверхностных вод, располагаемые ресурсы которых оцениваются по 


результатам измерения расходов пограничных рек, эта величина применительно 


к подземным водам может быть определена только расчетным путем 


2. The analysis of possible variants of the hydrogeological study of interstate 


distribution of groundwater resource potential, first of all shall be based on the 


estimation of its volume. Unlike surface water, where the available resources are 


estimated by measuring the flow rate of border rivers, this value referred to the 


groundwater can be only determined by means of calculation 







3. Теория и методика оценки ресурсного потенциала подземных вод хорошо 


разработана в Российской Федерации. На основании этой методики выполнена 


региональная оценка ресурсного потенциала для всей территории России, 


отдельных субъектов Федерации, крупных гидрогеологических структур, 


географических районов и речных бассейнов, а также более детально для 


месторождений подземных вод и их локальных участков 


3.  Estimation theory and methods of groundwater resource potential is well-developed 


in the Russian Federation. These methods are the base of regional estimation of 


resource potential for the whole territory of Russia, constituent entities of the 


Federation individually, large hydrogeological structures, geographical regions and 


river basins, as well as for groundwater deposits and their local areas 







Карта ресурсного потенциала пресных подземных вод России (фрагмент) 


Map of resources potential of fresh groundwater of Russia (fragment) 







4. Разделение оцененных ресурсов подземных вод между соседними странами 


целесообразно базировать на следующем принципе: расчетный подземный 


водораздел в продуктивных водоносных горизонтах при работе расчетных 


водозаборов должен проходить по государственной границе. 


Поставленная задача наиболее эффективно может быть решена методами 


численного моделирования. При этом разработанная математическая модель 


может использоваться как на стадии предварительных расчетов ресурсов и их 


распределения между пограничными государствами, так и как инструмент 


управления и контроля за состоянием подземных вод при их освоении и 


эксплуатации 


4.  The reasonable distribution of the estimated groundwater resources between 


neighboring states shall be based on the following principle: current underground 


watershed in the productive aquifers for estimated water intake operation shall 


correspond to the state border. 


This problem can be most effectively solved using numerical simulation methods. At 


that, the developed mathematical model can be used both at the stage of preliminary 


calculations of the resources and their distribution between the neighboring states, and 


also as a tool for managing and monitoring of groundwater condition during its 


exploration and use 
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5.  Принципиально распределение ресурсов подземных вод обычно 


может выполняться для двух типов расчетных или фактических 


водозаборных систем: площадной и линейной. Последние наиболее 


актуальны при работе инфильтрационных водозаборов в долинах 


пограничных рек. 


В этом случае крайне важным становится совместное 


распределение располагаемых ресурсов подземных и 


поверхностных вод 


5.  Generally the distribution of groundwater resources can be usually 


carried out for two types of estimated or actual water intake systems: 


areal and linear. The second case is most applicable for infiltration 


water intake operation in the valleys of border rivers. 


In this case, the joint distribution of disposable groundwater and 


surface water resources becomes extremely important 







6.  Контроль за состоянием подземных вод приграничных 


территорий и величиной водоотбора с учетом ограничения его 


величины требует создания специализированных систем 


мониторинга и постоянно действующих моделей 


6.  The monitoring of border areas groundwater condition and the 


volume of water intake, taking into account its limitation, requires the 


creation of specialized monitoring systems and permanently operating 


models 







7.  Предложенные принципы требуют соответствующего научно-


методического обоснования, разработки правил и нормативно-


правовой базы для их реализации 


7.   The proposed principles require the appropriate scientific and 


methodological studies, as well as the development of rules and 


regulations for their implementation 







Спасибо за внимание! 


Thank you for your attention! 







Hydrological modelling of possible alteration of inflow into the Lake Baikal from transboundary 
Selenga river basin during the XXI century 


V. Moreydo, A. Kalugin 


Water Problems Institute of Russian Academy of Sciences 


3TUvsevolod.moreydo@iwp.ruU3T 


Central Asia is likely to face significant regional climate changes with global climate 
change given its current arid conditions. Hence, assessment of the subsequent change in 
available water resources is crucial for water security planning. The issue becomes more 
important when a transboundary river is under consideration.  


Such transboundary basin of the Selenga river was chosen for this study, which is the 
largest tributary to the Lake Baikal. In the recent 20 years this basin is experiencing a significant 
decrease in surface water runoff, the second largest within the period of observations. The aim of 
this study was to assess the possible changes in runoff for the XXI century by combining an 
ensemble of climate change scenarios and global atmospheric circulation models (GCM) with a 
regional hydrological model, calibrated to simulate current hydrological conditions.  


For the regional hydrological model we used the ECOMAG software suite developed by 
Yu. Motovilov at the Water Problems Institute of RAS. It includes a semi-distributed water 
balance hydrological model along with GIS and database modules for full-circle basin 
schematization and calculations. Natural conditions of the Selenga river basin were represented 
by DEM, landuse and soil properties gridded datasets of 1x1 km spatial resolution. The model is 
forced with daily weather time-series (air temperature, humidity deficit and precipitation 
amount) to produce daily river runoff values at specific points within the river network.  


The Selenga river basin (especially the Mongolian part) is lacking weather observations 
data, hence the ERA-Interim reanalysis product was used to calibrate and verify the model for 
the historical period (1991 – 2005). It provides daily weather time-series at 0.5º global grid. 
Daily streamflow observations at three gauging stations were used to calibrate and validate the 
model. Simulations for the historical period showed good agreement with the observed 
streamflow values (Nash-Sutcliffe efficiency of 0.75 – 0.85).  


To assess the Selenga river runoff in XXI century we used 6 global atmospheric 
circulation models forced by 4 IPCC greenhouse gas emission scenarios for the period of 2006 – 
2100. First, the model outputs for the historical period of 1991 – 2005 were bias-corrected to 
match ERA-Interim annual means and then introduced into the hydrological model. It has been 
shown at this point that the global circulation models have no skill in reproducing the inter-
annual variations in runoff, yet the multi-annual runoff means were simulated correctly. Thus, 
the assessment for the XXI century could be only done by calculating multi-annual runoff means 
to compare with the historical period. The hydrological model was then forced with weather 
time-series produced by GCMs for the period of 2020-2100 and bi-decadal runoff means were 
calculated (2020-2039, 2040-2059, 2060-2079, 2080-2100).  


Analysis of the GCM and hydrological model output showed that this region might face a 
significant increase in temperature and evaporation rate, backgrounded with almost constant 
precipitation rate. These conditions might result in significant decrease in river runoff – up to 
40% compared to the historical values - by the end of the XXI century.  



mailto:vsevolod.moreydo@iwp.ru



		Страницы из Water forum ENG 23_09_16 (1)

		Секция 1

		Коронкевич

		BRICS Koronkevich at al

		Libert Thesis UNECE Water Convention Work Programme 1609

		WConv Work Progr BRICS Moscow 1609

		Георгиевский

		Georgievsky_Khanka

		Frolova1 (1)

		Раткович

		1. Международное Информационное Агентство. ПРАВИТЕЛЬСТВО: Казахстан углубляет сотрудничество с КНР и Исламским банком развития. 1T18 Декабря 2015, 1TМК.ru

		3. Ритм Евразии. Разногласиям Казахстана и Китая по поводу использования вод трансграничных рек приходит конец. 17.05.2016, ritmeurasia.ru



		Раткович Бовина презентация англ

		Воронов

		Воронов. Махинов АМУР 16

		Бычков

		Концепция Селенги(БРИКС)_ англ.

		Гуруев

		Гуруев

		Боревский

		Боревский

		Морейдо












r r








Session 3. 
Economic and social aspects of water use, 


including drinking water supply
September 29, 2016 


Room 429


14.20–14.40 Quantitative study of the relationship between regional development and water 
resource protection – core area of the Three Gorges Reservoir area as an example 
Huaili Zheng, Li feng, Chuanliang Zhao, Yuhao Zhou, Li Xiang, Bingzhi Liu, Xinyu Zheng, Chun 
Zhao (Key Laboratory of the Three Gorges Reservoir Region’s Eco-Environment, Ministry of 
Education, Chongqing University, Chongqing Engineering Research Center of Water Treatment 
Coagulant, China)


14.40–15.00 Assessment of the potential to reduce drinking water consumption in residential 
buildings by widespread use of water saving strategies 
Erick Brizon Chaib, Felipe Rodrigues, Brenner H. Maia, Nilo de Oliveira Nascimento 
(Federal University of Minas Gerais, Brazil)


15.00–15.20 Water supply management system with remote collection and transmission 
of the customers’ water consumption data
Vladimir Gvozdev  (SUE «Vodokanal of St. Petersburg», Russia)


16.30–16.50 Efficiency evaluation (benchmarking) of water utilities: international initiative 
Ilya Dolmatov, Vladimir Dvorkin, Igor Maskaev (National Research University Higher School of 
Economics, Russia)


16.50–17.10 Theoretical analysis of water pricing reform scenarios 
Alla Friedman (National Research University Higher School of Economics, Russia)


17.10–17.30 Immoral factors of water management in Russia 
Leonid Korytnyi (V.B. Sochava Institute of Geography, Siberian Branch of RAS, Russia)


1.


2.


3.


4.


5.


6.
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Introduction 


It exists a relationship of mutual promotion and mutual restraint between the 


regional economic development and water resource protection, and it needs 


quantitative analysis to them. The Ekc was used to measure the relationship between 


economic and environment.But as with the hypothesis of kuziniezi application in the 


filed of Economics, emergence of the inverted U-shaped curve is not necessarily the 


point of the environmental service need and the point of environment policy and 


water resource layout. The indexes data mainly come from 1996-2008 relevant 


statistical data of Chongqing. 


The establishment of econometric model 
When many domestic and foreign scholars in the study of the relationship 


between economic development and environment pollution, they often use the 


cross-sectional data to establish econometric models: 


ξβββ +++= 2
210 xxy                        (1) 


Where, y is the pollutant discharge amount or per capita emissions of pollutants, 


x is GDP per capita, ξ is random error term.The Ekc curve of U-shaped and inverted 


U-shaped could get through this model. 







 


Combined with the relationship between the economic development of Core area 


in three Gorges reservoir and water resource protection, through using the 


econometric model to build the model which shows the relationship between the 


economic development of Core area in three Gorges reservoir and water resource 


protection. The model adds a cube on the basis of the original model in order to 


eliminate the effects of the indicator dimensions, and then indicators separately taking 


logarithms. The model formula as follows (2): 


lny=β0+β1(lnx)+β2(lnx)2+β3(lnx)3+ξ                  (2) 
Where, y is the pollutant discharge amount or per capita emissions of pollutants, 


x is GDP per capita, β1、β2、β3 are model parameters, ξ is error term. 


 


Measurement results and analysis 
To input related data through using the economic software Eviews6.0[16], and the 


algorithmic method is the least squares[14-15] estimate. At last, the calculated results are 


as table-1 follows:  


 


Table-1 Per capita environmental indicators and per capita GDP metrological model 


simulation results in the core area of the Three Gorges Reservoir Area  


Environmental indicators 
Constan


t term 


Model coefficient Related 


Coefficien


tR2 
lnx （lnx）2 （lnx）3 


Lny per capita of 


industry wastewater


（Tons/person） 
3.38 -0.063130 -0.299437 -0.497888 0.771485 


Lny per capita of 


household sewerage


（Tons/person） 
2.99 0.476607 0.048812 0.063140 0.986703 


Lny per capita 


chemical  


fertilizer folds the 


scalar（Tons/person） 


-3.59 0.157951 0.042889 0.096480 0.969219 


 


Pictures Fig-1, Fig-2, Fig-3 are as follows: 


 







 


 
 


 


The relationship between CQ per capita GDP and per capita industrial wastewater quantity(Fig-1), 


CQ per capita GDP and per capita life wastewater quantity(Fig-2), CQ per capita GDP and per 


capita chemical fertilizer folds the scalar (Fig-3) 


 


Conclusion 


According to the analytic results of environmental indicators and per capita GDP, 


and combined with the facts that although the industry of the core area of Three 


Gorges Reservoir caused lower pollution, the form is still not optimistic-on one hand 


with economic growth, municipal water will have a larger effect on water resources of 


this area. In conclusion, we should not only use the general results of Environmental 


Kuznets Curve when we research the water resources protection and utilization of the 


core area of Three Gorges Reservoir and wait the decreasing of environmental 


pollution indicators optimistically.  
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Establishment of econometric model 


Econometric models 
 y is the pollutant discharge amount 
or per capita emissions of pollutants 


x is GDP per capita 


ξ is random error term 


The Ekc curve of U-shaped        
and inverted U-shaped 







Establishment of econometric model 


Econometric models 


 y is the pollutant discharge amount 
or per capita emissions of pollutants 


x is GDP per capita 


ξ is random error term 


The Ekc curve of U-shaped        
and inverted U-shaped 
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Measurement results and analysis 
The relationship between CQ per capita GDP  
and per capita industrial wastewater quantity 
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Measurement results and analysis 
The relationship between CQ per capita GDP  
and per capita chemical fertilizer folds the scalar 
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         The results of Environmental Kuznets should be used in the  
          resources protection and utilization of the core area of  
         Three Gorges Reservoir. 


         In Chongqing, the impacts of agriculture to water resources  
          will be increasingly serious. 


         In Chongqing, municipal water will have a largereffect on  
          water resources of this area. 


      Conclusion 
         In Chongqing, per capita industrial wastewater is fit for 
         the shape of EKC. 
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Thank you! 
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In a scenario of relative water scarcity, it is advisable to implement public policies aiming at 


maintaining adequate potable water supply, reducing the risk of water shortage. Since 


residential water uses represent a significant portion of the total volume of drinking water use in 


large urban areas, adopting measures to reduce household water consumption is relevant. The 


present research project focus on the assessment of some strategies for drinking water saving, 


namely rainwater harvesting (RWS), use of water-saving equipment and of individual metering 


of water consumption in multifamily buildings. These strategies may provide reduction of 


potable water consumption within households. In this research project we aim at assessing the 


impact of these potential reductions at the scale of a big city, taking Belo Horizonte, a 2.4-


million-inhabitant city which is the capital of Minas Gerais state, in Brazil (Figure 1).  


Figure 1 – Map of Brazil, Minas Gerais State, 
Belo Horizonte and its Administrative Divisions 


 


All the single-family dwellings and multifamily 


buildings in Belo Horizonte city area were 


compiled according to physical characteristics 


such as roof area, construction standards, 


classified in three categories (low, normal and 


high), among others (Table 1 and Figure 2). 


The variability of existing dwellings and 


buildings were reduced by qualitative 


associations of their physical characteristics 


with 15 residential standard building projects (5 


single-family and 10 multifamily buildings), 


following Brazilian standards for construction 


and architectural design.  
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Table 1 – Number of existing residential buildings in Belo Horizonte according to building standard quality 
 


Standard Project Low Standard Normal standard High standard Total 
Detached dwellings 266,659 120,487 17,755 404,901 
Multifamily buildings 3,590 12,821 2,797 19,208 


 


Figure 2 – Diagram of accumulated frequencies of residential buildings in Belo Horizonte according to 
their roof areas and building standard quality 


  


 
The residential non-potable water demand was quantified based on Brazilian standards and 


literature review to allow the design of the RWS.  Typical non-potable water uses considered 


were toilet flush, garden irrigation and washing indoor and outdoor areas. RWS for each one of 


the 15 standard buildings simulated using a 25-year daily rainfall time series (Figure 3) from a 


Belo Horizonte precipitation station. The hydrologic approach was based on the so-called 


behavioural model (FEWKES, 1999) by performing simulations using the Netuno software 


(GHISI and CORDOVA, 2014). 


Figure 3 – Belo Horizonte rainfall time series 


  


The results obtained in terms of drinking water saving potential were extrapolated to the Belo 


Horizonte city scale using census data (population and family income distribution) and the 


cadaster of existing dwellings and multifamily buildings. 


The simulations of water-saving equipment use and individual metering of water consumption in 


multifamily buildings were performed by the comparison with the conventional technologies also 


applied to the 15 standard buildings. The upscaling of these strategies for the Belo Horizonte 







city scale followed the same method described for the rainwater harvesting system (RWS). The 


extrapolation of results at the whole urban area scale suggests a potential of saving from 18.7 


up to 23.4 million cubic meters of drinking water per year according to the water saving strategy 


adopted (Table 2).  


Table 2 – Results of the extrapolation of the widespread use of three strategies for drinking water saving 
in Belo Horizonte 


Standard Project of 
residential buildings 


Rainwater harvesting 
systems (RWS) 


Water-saving 
equipment  


Individual metering of 
water consumption  


Low standard 4.259.880 3.836.064 1.642.680 


Normal standard 8.738.280 8.602.980 10.146.970 


High standard 10.396.440 5.547.096 6.984.806 


Total 23.394.600 (39%) 17.986.140 (30%) 18.774.456 (31%) 


 


For each standard project a cost-benefits analysis was carried out from the point of view of 


investment analysis (private investor), based on discounted payback. Moderate financial 


parameters were applied such as a 20-year time frame (project lifecycle). Results indicated: 


 RWS: Not viable for small dwellings. For dwellings with higher roof area financial feasibility 


was suggested, although with long payback periods. For the multifamily buildings, economic 


benefits were higher in payback terms due to higher non-potable water consumption. 


 Water-saving equipment and individual metering of water consumption in multifamily 


buildings: these devices show lower implementation, operation and maintenance costs, with 


shorter payback periods for the return of investments when compared to RWS. 


The financial results suggest that the dissemination of these systems may require the 


conception and evaluation of innovative regulatory and funding models and economic tools 


such as payment for ecosystem services to promote them for large-scale use and, by this doing, 


obtaining social benefits of reducing pressures over water resources in the future. 
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Assessing alternatives to promote the reduction of 
drinking water consumption at a big city scale: 
 


Rainwater harvesting 
 
Water saving hydraulic equipment 
 
Monitoring water consumption at individual 
apartments 
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Case study: Belo Horizonte, Brazil 


Built to be the Capital of Minas Gerais: 1886 (130  years) 
2,4 million inhabitants 
330 km2 of area 
Highland tropical climate:  
• Temperatures:…,W: 10-12 C and S: 27-30 C 
• Rainfall:…………,1600 mm/year 
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99,5% of the BH 
population connected to 
the water supply system  


Average (L/inhb,day): 
 


CLASS AB      175 
CLASS C         136 
CLASS DE       111 


Belo Horizonte water consumption (source: Dias et al, 2014) 


y = 25,241ln(x) - 24,638 
R² = 0,5913 


y = 4,9589ln(x) + 144,94 
R² = 0,0457 
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Belo Horizonte rainfall time series 
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Associating income, dwelling characteristics 
 and water consumption 


District income rate distribution


0
5


10
15
20
25
30
35
40
45


$$$$ $$$ $$ $


Income rate


P
e
rc


e
n


ta
g


e
 [


%
]


y = 25,241ln(x) - 24,638 
R² = 0,5913 


y = 4,9589ln(x) + 144,94 
R² = 0,0457 


95
105
115
125
135
145
155
165
175
185
195


0 200 400 600 800 100012001400160018002000


P
er


 c
ap


ita
 w


at
er


 
co


ns
um


pt
io


n 
(L


/d
ay


) 


Per capita income (R$) 







International Scientific and Practical Conference    
“BRICS Water Forum” 


7 


Detached houses Apartment buildings 


Belo Horizonte housing typology  
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Cumulative frequency analysis of detached homes 
(single family) 
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Cumulative frequency analysis of apartments: 
buildings (multifamily buildings) 
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BUILDING-TYPES 
Roof area 


(m2) 


Number of houses 


and bulidings  
% 


DETACHED HOUSES 


 


* COVERAGE: 95% OF 
EXISTING DETACHED 


HOUSES IN BELO 
HORIZONTE CITY 


LOW RP1-Q 39.6 80,774 20.0 
R1-B 58.6 52,512 13.0 


NORMAL R1-N 106.4 148,947 36.7 


HIGH R1-A 224.8 119,738 29.6 
R1-X 450.0 2,930 0.7 
TOTAL 404,901 100.0 


 


 


 


APARTMENT BUILDINGS 


  


* COVERAGE: 90% OF 
EXISTING APARTMENT 


BUILDINGS IN BELO 
HORIZONTE CITY 


 


LOW 
PIS 198.3 1,781 9.3 


PP-B 218.0 678 3.5 
R8-B 220.3 259 1.3 


NORMAL 


PP-N 348.8 5,932 30.9 
R8-N 348.8 1,258 6.5 
R8-Y 1,400.0 1,026 5.3 


R16-N 348.8 1,124 5.9 


HIGH 
R8-A 371.1 4,972 25.9 
R8-X 750.0 919 4.8 
R16-A 371.1 1,259 6.6 
TOTAL 19,208 100.0 


Residential buildings (detached houses and apartment buildings): 
distribution according to roof area and building standards 
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Building-Types Low standard 


quality 


Intermediate 


standard quality 


High standard 


quality 


Total 


Detached 
houses  


33.0% 36.7% 30.3% 404,901 


Apartment 
buildings 


36.3% 36.0% 27.7% 19,208 


 


Socioeconomic 


classes 


Low middle class and poor 


people 


High middle 


class 


Rich 


people 


70.2% 26.1% 3.7% 


Belo Horizonte socioeconomic classes  
(source: APEP, 2015) 


Detached houses and apartment buildings: distribution 
according to roof area and building standards 


66.3% to 69.7% 27.7%  
to 30.3% 


29.8% 70.2% 
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Standard projects  


(buildings-types) and roof 


areas (m2) 


Number of Flush 


valves 


Garden 


irrigation 


Indoor and 


outdoor 


cleaning 


Total 


Dwellings Dwellers 


RP1-Q 39,56 1 3 123 28 15 166 


R1-B 58,64 1 3 123 41 17 181 


R1-N 106,44 1 3 123 74 37 234 


R1-A 224,82 1 3 123 157 76 356 


R1-X 450,00 1 3 123 221 142 486 


Estimation of non-potable water consumption in liters/day 
Detached houses 
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Standard projects  


(buildings-types) and 


roof areas (m2) 


Number of Flush 


valves 


Garden 


irrigation 


Indoor and 


outdoor 


cleaning 


Total 


Dwellings Dwellers 


PIS 198,29 20 60 2,468 128 309 2,905 


PP-B 218,09 16 48 1,975 140 284 2,399 


PP-N 348,81 16 48 1,975 188 587 2,750 


R8-B 220,34 32 96 3,950 98 571 4,619 


R8-N 348,81 32 96 3,950 151 1,390 5,491 


R8-A 371,06 16 48 1,975 151 1,333 3,459 


R8-X 750,00 32 96 3,950 151 4,206 8,307 


R8-Y 1400,00 64 192 7,900 151 2,199 10,250 


R16-N 348,81 64 192 7,900 151 2,213 10,264 


R16-A 371,06 32 96 3,950 151 4,019 8,120 


Estimation of non-potable water consumption in liters/day 
Apartment Buildings 
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Rainwater harvesting (RWS): System design methods 
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Example of results (RWS): hydrologic approach 
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RWS: Estimation of the lower rainwater tank capacity (m3) 


STANDARD HOUSES / ROOF 


AREAS (M2) 


HYDROLOGIC 


APPROACH 


FINANCIAL APPROACH 


RP1-Q 39.56 3 From 2 to 5 


R1-B 58.64 3 From 2 to 5 


R1-N 106.44 3 From 2 to 5 


R1-A 224.82 4 From 3 to 5 


R1-X 450.00 4 From 3 to 5 
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STANDARD HOUSES / ROOF 


AREAS (M2) 


HYDROLOGIC 


APPROACH 


FINANCIAL APPROACH 


PIS 198.29 4 From 4 to 5 


PP-B 218.09 4 From 4 to 5 


PP-N 348.81 4 From 4 to 5 


R8-B 220.34 6 From 5 to 6 


R8-N 348.81 6 From 5 to 6 


R8-A 371.06 6 From 5 to 6 


R8-X 750.00 8 From 7 to 8 


R8-Y 1400.00 8 From 7 to 8 


R16-N 348.81 8 From 7 to 8 


R16-A 371.06 8 From 7 to 8 


RWS: Estimation of the lower rainwater tank capacity (m3) 
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Potential for potable water savings in the Belo Horizonte city area 
Rainwater Harvesting (RWS) 
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Standard projects  (buildings-types) 
Potential for potable water 


savings (m3/day) 
Partial (%) Total (%) 


DETACHED 


HOUSES 


Low RP1-Q 7,205 12.1 9.6 
R1-B 5,401 9.1 7.2 


Normal R1-N 21,106 35.6 28.2 


High R1-A 24,822 41.9 33.2 
R1-X 794 1.3 1.1 


TOTAL 59,328 (79,4%) 100.0 - 


APARTMENT 


BUILDINGS 


Low 
PIS 908 5.9 1.2 


PP-B 351 2.3 0.5 
R8-B 168 1.1 0.2 


Normal 


PP-N 3,725 24.2 5.0 
R8-N 1,067 6.9 1.4 
R8-Y 1,706 11.1 2.3 


R16-N 1,095 7.1 1.5 


High 
R8-A 3,938 25.5 5.3 
R8-X 1,239 8.0 1.7 
R16-A 1,220 7.9 1.6 


TOTAL 15,417 (20.6%) 100.0 100.0 


 LARGE-SCALE SAVINGS):   DETACHED HOUSES: 21.4 X 106 M3/ANO 
              APARTMENT BUILDINGS: 5.0 X 106 M3/ANO 
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RWS: Project assessment results 
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STANDARD PROJECTS  


(BUILDINGS-TYPES) 


SIMULATED SCENARIO 


DISCOUNT RATE: 7.5% (per year) 


Pay-back (years) 
Net Present Value (R$) 


(1U$ = R$3,25 in 24 sep 2016) 


DETACHED 


HOUSES 


RP1-Q 
LOW 


- - 1,013.00 
R1-B - -962.00 
R1-N NORMAL - -785.00 
R1-A 


HIGH 
- -481.00 


R1-X 16.7 101.00 


APARTMENT 


BUILDINGS 


 


PIS 
LOW 


3.6 3,899.00 
PP-B 3.8 3,671.00 
R8-B 3.9 4,380.00 
PP-N 


NORMAL 


2.8 5,215.00 
R8-N 2.6 7,114.00 
R8-Y 1.7 13,418.00 


R16-N 2.8 7,924.00 
R8-A 


HIGH 
3.1 6,051.00 


R8-X 1.5 18,076.00 
R16-A 2.8 7,671.00 
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Standard Project of 


residential buildings 


Drinking water saving in Belo Horizonte (m3/year) 


Rainwater harvesting 


systems (RWS) 


Water-saving 


equipment  


Individual metering of 


water consumption  


Low standard 5,051,880 3,836,064 1,642,680 


Normal standard 10,331,640 8,602,980 10,146,970 


High standard 11,024,680 5,547,096 6,984,806 


Total (m3/year) 
26,408,200           


 
17,986,140  


 


 
18,774,456  


 


Results of widespread use of three strategies for drinking water saving in 


Belo Horizonte 
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Potential for potable water savings in the Belo Horizonte city area 
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• Belo Horizonte average residential water consumption in 2012 and 2013: 106 m3/month 


 
• The extrapolation of results at the whole urban area scale suggests a potential of saving from 18.7 up 


to 23.4 million cubic meters of drinking water per year according to the water saving strategy adopted 
 
• For each standard project, project assessment analysis was carried out from the point of view of the 


private investor, based on discounted payback. Moderate financial parameters were applied such as 
a 20-year time frame (project lifecycle). Results indicated: 


 
– RWS: Not viable for small dwellings. For dwellings with higher roof area financial feasibility was 


suggested, although with long payback periods. For the multifamily buildings, paybacks were 
shorter due to higher non-potable water consumption. 


 
– Water-saving equipment and individual metering of water consumption: these devices 


show lower implementation, operation and maintenance costs, with shorter payback periods for 
the return of investments when compared to RWS. 
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Forthcoming studies 
• Assessing uncertainties in the flow of calculations 
 
• Assessing alternative financial models to make investments more attractive 


 
• Assessing other benefits of a water consumption management strategies 


– Reduction on demand pressures over water resources: 
• Ecological benefits 
• Other uses are possible (social benefits) 


– Reduction on energy and chemical consumption for the production and 
distribution of drinking water 


– Possibility of postponing investments on new drinking water facilities 
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Nilo Nascimento – UFMG 
niloon@ehr.ufmg.br 


 
  







Water Supply Management System with Remote Collection and  


Transmission of the Customers’ Water Consumption Data 


 


SUE “Vodokanal of St. Petersburg” is the pioneer in the application of cutting-edge domestic 


and world technologies and solutions in the sphere of water supply and successfully cooperates with 


leading Russian scientific centers and organizations as well as with western companies.   


SUE “Vodokanal of St. Petersburg” provides clean water to 6 million city residents, companies 


and organizations. The water supply system is comprised of a 6,938 km water network, 198 booster 


pumping stations, 9 water treatment plants, 110 wells and 770,000 m3 water reservoirs. 


 Improvement of the Water Supply Management System is based on the principles of automation. 


Local testing of such systems under pilot projects proves to be useful and efficient.  


The Southern Zone was selected for the implementation of the automated Water Supply 


Management System in St. Petersburg. The population of the Southern Zone is about 1,274,000 people; 


number of residential houses – 6,498; service area – 194.7 km2; average daily water supply - 496,000 


m3/day; length of the network – 1,578.2 km. 


Major objectives of the establishment of the new Water Supply Management System: 


- forecasting and control of water consumption / water flow on the basis of the water balance; 


- optimization of the working pressure in the water supply system; 


- observance of water quality regulatory requirements; 


- reduction of the number of water supply interruptions caused by breakages and other technological 


failures; 


- reduction of a 1 m3 of drinking water production cost; 


- transparency of settlements with customers.  


In the course of the establishment of the Water Supply Management System, the company 


upgraded booster pumping stations, implemented local information systems and automated control 


systems as well as reconstructed the Southern Water Treatment Plant.  


At the next stage, local information systems and automated control systems were integrated to 


ensure efficient management of the water supply. For this purpose the Water Supply Management 


System was established on the basis of the unified system for water metering, record keeping and 


monitoring.     


As a scientific component a diverse arsenal of advanced methods and solutions was used: 


- graph theoretical algorithms such as network graph skeletonization and minimal network cut  


(for the task of network partitioning into sectors and optimal sensor placement). 


1 
 







- algorithms based on a combination of statistical analysis and hydraulic modeling driven by 


the data coming from the plurality of both pressure sensors and flowmeters installed in the 


field (for the task of leak detection and localization). 


- data mining algorithms such as consumer clustering algorithm and correlation analysis as 


well as selected machine learning techniques (for the task of consumer analysis such as 


fraud or abnormal pattern detection).  


Indicated above methods were turned into service for industrial platform, providing the utility 


operator a cutting edge modern web-based UI. 


 The heart of the automated management system became the hardware and software system 


“NemoAqua” which included three levels: 


1) Upper level: receipt, storage and processing of the data, integration with adjacent systems, interaction 


with users, equipment operation tracking, control of the non-revenue water. 


2) Middle level: collection and processing of the data from adjacent systems (single databank, 


information system of the Customer Service Centre, etc.) for the upper level system, transmission of the 


data to the upper level system. 


3) Lower level: units equipped with the data transmission system to transfer the data to the middle level 


system (intersectoral flowmeters, metering devices on the customers’ side, pressure sensors, etc.). 


The starting point for the functioning of the Water Supply Management System is the receipt of 


the initial information. In practice, there are three data collection forms. 


1. Mechanical (manual) collection of meter readings. The drawbacks are as follows: influence of human 


factors on the adequacy of meter readings, low efficiency, need to maintain personnel, inability to use 


the data for the automated development of the water balance. 


2. Collection of the meter readings by means of terminals. The drawbacks are as follows: high density of 


the built-up environment does not erase the problem of getting access to water meter installation 


locations, low efficiency, need to maintain personnel, inability to use the data for the automated 


development of the water balance. 


3. Automated collection of meter readings. From our point of view, this very data collection form 


enables to develop the water balance, identify non-revenue water and ensure sustainable and reliable 


water supply to customers.  


Therefore, the Water Supply Management System is based on the use of brand new and innovative 


metering devices (water meters) which enable to perform remote data transmission, control water 


consumption, develop water consumption balances and identify unauthorized connections and leakages. 


The mandatory requirement applied to the selection of the device brand mark is the use of standard, 


open digital protocol M-Bus. It enables to integrate the devices into the existing system in a simple and 


easy way.  
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      The major advantages of M-Bus standard are as follows: simplicity of networking, high noise 


immunity, length of the communication lines is up to several kilometers, easy segmentation of the 


network, a large number of metering points, easy stagewise expansion of the network, passive electric 


power supply of Slave-devices, minimum cost for equipment installation and operation, possibility to 


store data of meter readings in archives. 


As a result, it is the data transmission network technology which is still the core technology to 


develop remote meter reading systems. 


Hardware and software system “NemoAqua” was successfully tested and can be used for the 


commercial calculations with the consumers of energy resources allowing to process up to 20 million of 


metering points. 


The introduction of the hardware-software system includes five stages: 


1) dividing of the zone into water supply sectors; 


2) selection and use of “key” points; 


3) equipping the key points with data collection and remote data transmission devices; 


4) integration and synchronization of the systems; 


5) integration of analytical information into the cycle of managerial decision development and 


making, and establishment of the analytical unit. 


The hardware and software system becomes like a “neural system”, the most important link in 


the technological infrastructure of the company owing to the fact that it: 


- unites the major information systems of the company (material accounting, scheduling of 


works, billing system); 


- ensures a complete management cycle (planning - organization (dispatching control) - 


accounting and control - analysis - correction); 


- interconnects the management system with the field level of control instruments and 


automation (customer accounting data, state of the water supply network). 


Automation of information processes based on the hardware and software system, in its turn, 


allowed us to optimize the water supply processes through substantiation of areas for water supply 


infrastructure development, regulation of water supply regimes and optimization of water supply 


infrastructure maintenance.  


 Optimization of technological processes, further, allows not only to ensure cost-effective use of 


resources but also to improve quality of water supplied to customers and reliability of water supply.  


 Introduction of water supply management system gave SUE “Vodokanal of St. Petersburg” the 


following benefits: 


- development of a reliable water balance; 


- ability to diagnose state of networks, detect leakages in due time, plan organization of repair works; 
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- monitoring of non-revenue water and water losses, forecasting of water demand, identifying of 


inconsistencies in instrumentation readings, analysis of reasons for such  inconsistencies and their 


localization; 


- transparency of settlements between a consumer and a service provider; 


- encouraging water conservation among the customers; 


- ability to validate and verify the reliability of transmitted and received data by storing the data in 


nonvolatile memory of the metering device; 


- ability to analyze and forecast water consumption by a customer, to identify deviation of water 


consumption from standard water consumption profile for a particular customer; 


- no need to take and transmit readings from metering devices manually by the personnel of SUE 


“Vodokanal of St. Petersburg” every month. 


   From the economic point of view, the undertaken measures gave SUE “Vodokanal of St. 


Petersburg” the opportunity to achieve the effect due to the resource-saving, above all, to reduce water 


losses and energy consumption. For example, in the period from 2009 to 2015 the energy consumption 


in the Southern Zone decreased by 29%, water losses – by 17%, the specific accident rate - by 49%. 


 In addition to the economic effect, the company gained social (increased satisfaction of 


population with water supply services, transparency of settlements) and environmental (lowering the 


adverse environmental impact along with reducing the accident rate at the networks) benefits. 


The management system tested in the Southern Water Supply Zone is universally applicable. It 


can be extensively used both in water (in other St. Petersburg water supply zones, in wastewater 


disposal) and other sectors (especially in the field of public services). 
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Efficiency evaluation (benchmarking) of water utilities: international initiative 


Ilya Dolmatov, PhD, Director,  


Vladimir Dvorkin, Research Assistant  


Igor Maskaev, Senior Research Fellow, 


Institute of Pricing and Regulation of Natural monopolies, HSE 


The activities of water supply and sanitation companies are regulated in many 


countries. It is done in order to overcome market failures caused by regional monopolization, 


information asymmetries and the need to find the right balance between the interests of 


consumers and company’s objectives for its normal functioning and development. 


Regulators, professional associations, water utility management and consumers can greatly 


benefit from independent studies to understand the real state of affairs as well as positive or 


negative trends in operating and capital costs efficiency, adequacy of investment resources 


for development of water utilities, reliability and quality of services provided by companies 


engaged in water supply and sanitation.  


In today's arsenal of researchers there are effective tools to obtain reliable assessment 


of the status and dynamics of efficiency of a number of aspects of the companies’ activities as 


well as sensitivity of these results to different external factors. Contemporary methods of 


efficiency analysis include both simple partial performance indicators and different advanced 


techniques of frontier analysis modelling. Regulators can use this information to set tariffs 


using stick and carrot strategy within incentive regulation. Both water associations and 


regulators can publish the results using name and shame strategy within the sunshine 


regulation when rankings can serve as catalysts for better stewardship of water and other 


resources. The results of independent research could be used by managers and water 


associations to spread the best practices incorporating them into managerial incentive 


packages. The conclusions of independent research can support positions of companies and 


water associations in public discussions on the level of prices, costs, quality of service and 


sufficiency of investments. Investments in the absence or lack of regulation may be redundant 


and inefficient, and with excessive regulation may not be sufficient to meet future needs.  


This study came out from a wider research project carried out in the framework of the 


HSE Basic Research Program. The purpose of this study was to assess the level of 


performance and total cost efficiency of Russian water utilities against their peers in Russia 


and abroad. 


The main methods for performance assessment on international sample were ranking 


of partial performance indicators (such as levels of consumption and losses, productivity, 







coverage of costs, operating costs per output unit) of individual companies, dynamics 


analysis of performance indicators, quartile analysis and comparison of average indicators for 


the water utilities by country. 


For a deeper cost efficiency analysis we used a number of parametric and non 


parametric frontier methods such as Data Envelopment Analysis (DEA), Corrected Ordinary 


Least Squares (COLS), and Stochastic Frontier Analysis (SFA). The parametric models were 


specified as loglinear functions with electricity cost, electricity consumption, labour cost, 


labor, capital cost, pipeline length as independent variables which were used either separately 


or as a composite variable (with weighted components of electricity consumption, average 


number of production staff, pipelines length). The data on 692 companies from Australia, 


China, Republic of Korea, Moldova, Russia, Serbia, Slovakia and the Czech Republic used 


for international benchmarking come from database of the International Benchmarking 


Network for Water and Sanitation Utilities (IBNET), the Federal State Statistics Service, the 


Russian Archive of economic and sociological data as well as from companies’ annual 


reports. The data on 29 large Russian private and public companies used in the frontier 


analysis come from annual reports and accounting statements for the period 2011-2013. 


The international benchmarking results show that most of the Russian companies fall 


in the 2 upper quartiles for the production of water per person per day. Dynamics of 


consumption has a negative trend, due to an increase in resource efficiency at both the 


enterprise level and the population. Russian companies produce on average 172 


litres/person/day in Russian cities with population of more than 500000 people (second only 


to Australian companies with 191 litres/person/day in Australia, and more than twice of the 


average production of Chinese companies). In the analysed period the production has been 


decreasing from 199 litres/person/day to 172 litres/person/day, following the trend in 


consumption. Losses expressed in cubic meters per 1 km of network per day paint a 


disturbing picture. Despite the high levels of network length, Russian companies have the 


highest volume of losses, however, they demonstrate a tendency to decrease. The ratio of 


losses to production of Russian companies is close to the average values in the sample. The 


dynamics is characterized by stability, which corresponds to the trend in other countries. 


Only Korean companies were able to improve their performance during the analysed the 


period. Russian companies are still somewhat behind with their level of use of metering 


equipment. But the campaigns to encourage the introduction of water consumption metering 


devices at the state and municipal levels have boosted the level significantly in recent years. 


We can attribute at least some of reduction in losses of Russian companies to the active 







measures in introduction of metering devices. The coverage ratio of costs from revenues that 


Russian companies and the Russian regulator managed to maintain this ratio at a reasonable 


and stable level. Only Australian and Korean companies can boast about better coverage 


ratio. On average, Russian companies are inferior to their foreign peers on the level of labour 


productivity. In addition, labour productivity of Russian companies tends to decrease. All that 


demonstrates that Russian companies have the potential to improve the efficiency of its 


operations by reducing losses and increasing their productivity. Russian and Chinese 


companies demonstrate the best operating ‘costs per unit of output’ performance indicators.  


The cost efficiency benchmarking demonstrates that depending on the approach used, 


performance evaluation, as well as the potential of its improvement on average industrywide, 


changes from 57% of average efficiency score (43% of potential to improve) to 71% of 


average efficiency (with 29% potential for improvement). Various parametric and non-


parametric models yielded sufficiently correlated but not quite similar results for both 


companies and the industry because of the presence  the economy of scales effect. All models 


produced similar ranking results. The study identifies labour productivity, investment costs 


efficiency and energy efficiency as potential sources for improvement. 


Today the existing techniques allow to get reliable assessments of efficiency and the 


trends as well as identify the sources of inefficiency. The biggest obstacle is the lack of high 


quality data. That was the reason that prevented us from the frontier cost efficiency analysis 


on the international sample. At the same time, we believe that such an analysis could make a 


significant contribution to the promotion of efficiency of water supply and sanitation 


companies. International sample makes it difficult for companies to agree and adhere to the 


averages. A deeper study of performance indicators in the international sample can determine 


the best management and regulatory practices. Such data usually become available in the 


framework of international initiatives. Currently, there are several international projects in 


which Russian companies are involved: one of the World Bank IBNET, and the other of the 


European Benchmarking Cooperation. The data in the former is limited for the period of up 


to year 2013 and the latter involves very few Russian companies and does not publish its 


benchmarking results for public discussion. Regulators, associations and management of 


water supply companies in the BRIC countries could initiate their own project on 


international benchmarking that would allow to promote the achievement of higher 


professional standards and the dissemination of best practices. 
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Why do we need regulation? 


✧Prevent market failures caused by regional 
monopolization 


✧Provide residential and industrial consumers 
with price-adequate and qualitative water 
supply 


✧Keep the balance between water companies’ 
and consumers’ interests 


✧Investments for sustainable sector 
development 


29.09.2016 BRICS Water Forum 3 







Current trends in regulatory 
practices 


✧Trend toward use of incentive regulation and 


benchmarking 


✧Development of advanced tools to  evaluate 


companies’ efficiency  


✧Use of efficiency scores to set tariffs or 


to support decision-making process 
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Current trends in regulatory 
practices 


BENCHMARKING: Approaches to estimate relative 


performance of comparable firms against a 


benchmark (the best peer(s), standard, average 


industry performance, etc.).  


B. studies provide important information regarding 


the relative performance of firms who face 


comparable production conditions.  


[Based on Glossary of BoKIR, PURC] 
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Current trends in regulatory 
practices 


Benchmarking can differ  


✧ By scope: international or national 


✧ By techniques: metric/qualitative/ process 


benchmarking (analyses and comparisons of firm 


operating characteristics in the vertical 


production chain; frontier/nonfrontier; 


deterministic/stochastic; parametric/ 


nonparameric. 
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Project introduction  


✧Carried out under the HSE Basic Research Program 


✧Aims at evaluating efficiency of Russian water supply 


companies’ at the national and international levels 


✧Employs a combination of statistical and mathematical 


methods 


✧692 companies from 8 countries for international 


benchmarking (divided in 6 clusters in quartile analysis) 


✧29 large Russian private and public-owned companies for 


national benchmarking (drawn from the same cluster)  
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Methodology 


✧International benchmarking 


✧Ranking of performance scores 


✧Dynamic analysis 


✧Quartile analysis 


✧Comparison of averages 


✧National benchmarking 


✧Corrected ordinary least squares (COLS) 


✧Data envelopment analysis (DEA) 
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International benchmarking: 
Data 


# Country Number of companies 


1 Australia 110 


2 China 59 


3 South Korea 190 


4 Moldavia 41 


5 Russia 168 


6 Serbia 30 


7 Slovakia 70 


8 Czech Republic 24 


- Total 692 
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International benchmarking: 
Indicators 


Water 
consumption 


Residential 
water 


consumption 


Number of 
employees 
per 1000 of 
consumers 


Operating 
costs per 
unit of 
output 


Operating 
expenses 
coverage 
ratio 


Labour 
productivity 


Metering 
devices 


equipment 


Water  
losses 
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International benchmarking: 
Total water supply  
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Russian companies are at the second place in daily water production per 
person, second only to Australia. Consumption rate decreases from year due to 


increase of consumption efficiency.  
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International benchmarking: 
Residential water supply  


Russian companies are second only to Australia in daily residential water 
supply. Consumption rate decreased by 16% from 2010 to 2012. However, it’s 


more than 200% larger than in China. 
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International benchmarking: Share 
of losses in total production 
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The share of water losses in the total production of Russian companies remains 
the same from year to year and corresponds to the average values in the 


sample.   
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International benchmarking:Share 
of losses in total production 


No Russian company from any cluster enters into the first quartile of the 
companies with the least losses. But there are many companies that 


demonstrated higher than average results.  
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International benchmarking: 
Losses per length of pipelines 
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Water losses as an absolute value per 1 km of pipeline length, however, places 
Russian companies to the first position in the ranking. At the same time, 


Russian companies demonstrate the tendency to improve this indicator.  
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International benchmarking:Share 
of losses per length of pipelines 


Quartile analysis in clusters shows that the largest part of the Russian 
companies demonstrate lower than average results which could be explained by a 


significant share of aged pipelines belonging to the Russian companies  
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International benchmarking: 
Metering devices equipment 
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Russian companies demonstrate the worst equipment of metering devices. The 
majority of Russian companies did not release the data on this indicator 


corresponding to 2011 and 2012 years. It might be assumed that the position is 
currently improved due to huge government and municipal support.  
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International benchmarking: 
Operating expenses per output 
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Russian companies are second only to China in the efficiency of operating 
expenses and at the same time demonstrate the positive tendency in this 


respect.  
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International benchmarking: 
Operating expenses per output 


Russian companies demonstrate  comparatively high efficiency of operating 
expenses, especially in clusters with companies functioning in big cities  
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International benchmarking: 
Operating expenses coverage ratio 
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According to the latest data, Russian companies are third after Australia and 
Korea in terms of covering operating expenses. This ratio remains stable 


during the entire period of observations.  
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International benchmarking: 
Average labour productivity 
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The main issue associated with efficiency of Russian water companies is 
remarkably low labor productivity compared to the average in the sample. 


Moreover, it declines from year to year.   
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International benchmarking: Labour 
productivity of Russian Companies 
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There is no Russian company that enters to the first quartile of the most 
productive companies in our sample. Russian companies mostly and increasingly 


tend to demonstrate average productivity.  
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National benchmarking: Data 
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Variables Min Max Mean St.dev. 


Total cost, m rub. 12.4 14.78 13.53 0.59 


Electricity 
consumption 3.03 5.13 4.2 0.59 


Labor, pers. 4.47 7.54 6.1 0.67 


Pipeline length, km 5.62 7.88 6.84 0.51 


Pumping stations, 
units 1.1 5.48 3.53 0.96 


Water delivered, 
thousand of cubic m 9.5 12.12 10.84 0.63 







National benchmarking: Key 
findings 


29.09.2016 BRICS Water Forum 24 


68% 


61% 


57% 


32% 


39% 


43% 


0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%


DEA VRS


DEA CRS


COLS


Average total costs efficiency of Russia's companies 


Efficiency Potential







National benchmarking: Key 
findings 


✧All models produce similar ranking results 


✧Models identify the following sources to 


improve the efficiency: 


✧Labour productivity 


✧Efficiency of investment costs 


✧Energy efficiency 
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Conclusions 


✧Modern benchmarking techniques 


allow to derive reliable 


efficiency estimates which could 


be used to support decisions of 


regulators and company managers 
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Conclusions 


✧International benchmarking helps to better 


explain sources of inefficiency, prevents 


companies from gaming 


✧International cooperation of the BRIC 


countries could facilitate data collection 


and use of the most advanced methods of 


efficiency analysis 
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International initiative 


The BRICS countries face similar challenges of creating and 


improving institutions, mechanisms and methodological 


foundations of the regulation and pricing of water supply and 


sanitation companies, improving their efficiency, ensuring 


sustainable development and environmental protection. 


The search for solutions to these problems would require close 


international cooperation among 


✧ Public authorities 


✧ Business associations 


✧ Universities and think tanks 
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International initiative 


Possible activities could comprise 


✧ joint research on regulatory issues, pricing, efficiency, problems of 


attracting investments into regulated companies in water supply and 


sanitation, new approaches, methods and tools for benchmarking and 


clusterization of regulated companies; 


✧ dissemination of best regulatory management practices of water supply 


and sanitation companies, analysis on impact of different regulatory 


practices and environment, performance monitoring of regulated 


companies 


✧ training and education in regulation, management and pricing of 


services in water supply and sanitation 
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Thank you for your attention! 
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IMMORAL FACTORS OF WATER MANAGEMENT RUSSIA 


L.M.Korytnyi 


Russia, Irkutsk, Sochava Institute of Geography SB RAS 


     Problems and shortcomings of the Russian water use are usually explained by the complexity 


of managing and/or of funding. The purpose of this report is to consider some non-economic 


factors which are determined by the quality and actions of people, belong to the field of morality 


and social relations, and are among the main causes of deterioration of the situation in the 


domestic water use. 


      Ignorance, and willful ignorance - unwillingness to learn, disregard the advice of scientists, 


professionals and experts. There are many examples in the past and the present: the famous 


attempt to "rescue" of the Caspian Sea by the transfer of the northern rivers, massive drainage of 


peatlands, covering cities by watertight surfaces without proper organization of the storm water 


drain, blocking the natural drains, causing flooding, etc. 


   Convinced anthropocentrism is found side by side with it, i.e. confidence that human being is 


the "crown of creation", and the whole of nature exists for him. This gives rise to misconceptions 


about human omnipotence, the omnipotence of technology and market-based mechanisms, the 


inviolability of the existing world order, first of all around his own precious self. So there is a 


relation to environmental threats, including water, as horror stories of American blockbusters 


that are easy to handle. Therefore, the population inhabits floodplains, reservoirs tailrace, and 


then surprised the huge damage caused by the floods. 


    From the same series is extravagance, the idea of eternity and of free natural resources, and 


the water resources are here in the first place. It's just a purely Russian property, "informed" by 


the enormity of our water resources. Therefore not only because of the lack of funding we can 


for decades, not to repair water and sewers pipes, and at the household level the leaking faucet in 


the bathroom or the toilet tank. 


     Faith in the Russian exclusivity ("You will not grasp her with your mind... ") is the source of 


many of our troubles. Hence is the gigantism in HPP cascades and canals, water divider on the 


Volga, and almost nearly built pipeline along the shore of Lake Baikal. 


    With this perfectly gets such a feature of the Russian mentality as apathy, ignoring the rules 


and regulations (“we live by our notions of the law, not by the law”).  It is quite logical mass 


"explanation" of violation of the Water Code, and many other documents in all fields of water 


management, from poachers with nets to officials of the highest authority. However, often to 


carry out orders from above is not really worth the effort; as exemplified by the story of an 


attempt to hold the Lake Baikal level within the meter prism. 







       Another feature is the hope solely on the "Russian random" (counting on a miracle) 


("Thunder does not clap - a peasant will not cross") is the cause of the majority of domestic 


accidents, including large-scale, as Sayan hydroelectric power station. 


      A catastrophic rise of selfishness in the post-Soviet years, combined with greed and super- 


ambitiousness found its expression in the capture of the best and most prestigious areas on the 


banks of water bodies. When the fences of "suburban estates', cottage settlements and camp sites, 


ignoring the Water Code and all rules, cutting the coastal strip, go straight into the water, thus 


grossly violated the civil rights of the population. Attempts to deal with these administrative 


measures are usually unsuccessful. A variety of self-interest (within the meaning of "after me the 


deluge") is the behavior of the tourists on the bank of a river or lake: installation of tents and cars 


a few meters from the shore, littering the shoreline, washing machine in the water body. 


    In consideration of the many situations, for example, a permit of water use often appears one 


more quality, viz. office red tape. Bureaucracy lives in many countries, but the Russian variety is 


a special one, especially on the way to speed up the process using the "telephone law" or a 


bribing. 


           Perhaps this list of factors of immoral Russian water use is not limited, but it's enough to 


judge the high subjectivity and behavior of water users (both organizations and population), and 


the processes of decision-making. This is mostly refers not only to the water use, but also to 


nature use, particularly to land use, as this has been shown by B.B.Rodoman (2015) with regard 


to the deterioration of landscape. 


    Overcoming immoral factors and the caused negative situations is a difficult, long, but very 


necessary process. Its components are explanation, promotion of knowledge and education of the 


younger generation first of all. In the Baikal region, this is done through the school project 


"Public Movement Water Protection: Clean Water of the Baikal Region" and through the 


ecological and geographic newspaper "Istok". 


         


АМОРАЛЬНЫЕ ФАКТОРЫ ВОДОПОЛЬЗОВАНИЯ РОССИИ 


Л.М.Корытный 


Россия, Иркутск, Институт географии им. В.Б.Сочавы СО РАН 


     Проблемы и недостатки российского водопользования обычно объясняются 


сложностями управления и/или финансирования. Цель настоящего доклада – рассмотреть 


некоторые внеэкономические факторы, определяемые качеством и поступками людей, 


которые относятся к области морали и социальных отношений и являются одними из 


главных причин ухудшения ситуации в отечественном водопользовании. 







      Невежество, причем злостное невежество -  нежелание учиться, пренебрежение 


советами ученых, профессионалов и специалистов. Примеров множество и в прошлом, и в 


настоящем:  знаменитая попытка «спасения» Каспия путем переброски северных рек, 


массовое осушение торфяников, покрытие городов водонепроницаемыми поверхностями 


без организации должной ливневой канализации, перекрытие естественных дрен, 


вызывающее подтопление, и т.п.      


   С этим соседствует убежденный антропоцентризм – уверенность, что человек – 


«венец творения», а вся природа существует для него. Отсюда возникают заблуждения о 


всемогуществе человека, о всесилии технологий и рыночных механизмов, о незыблемости 


существующего миропорядка, прежде всего вокруг себя – родимого. Так возникает 


отношение к экологическим угрозам, в том числе водным, как к страшилкам из 


американских киноблокбастеров, с которыми легко справиться. Поэтому население 


заселяет поймы рек, нижние бьефы водохранилищ, и потом удивляется огромным 


ущербам при наводнениях.  


    Из того же ряда расточительность – представление о вечности и бесплатности 


природных ресурсов, причем водных – в первую очередь. Это точно – чисто российское 


свойство, «обоснованное» громадностью наших водных ресурсов. Поэтому – а не только 


из-за недостатка финансирования – мы можем десятилетия не ремонтировать до предела 


изношенные водопроводные и канализационные трубы, а на бытовом уровне – 


протекающие кран в ванной или бачок в туалете.    


      Вера в российскую исключительность (умом Россию не понять …) – источник 


многих наших бед. Отсюда гигантизм каскадов ГЭС и каналов, вододелитель на Волге и 


чуть не прошедший нефтепровод по берегу Байкала.  


    С этим прекрасно уживается такая особенность российского менталитета, как пофигизм  


- игнорирование  норм и правил («живём не по законам, а по понятиям»). Это вполне 


логичное массовое «объяснение» нарушений Водного кодекса и многих других 


документов во всех сферах водопользования, начиная от браконьеров с сетями до 


чиновников с высокими полномочиями. Правда, нередко выполнять предписания сверху 


действительно – «себе дороже»; чего стоит, к примеру, история с попыткой удержания 


уровня Байкала в метровой призме.  


       Еще одна особенность – надежда исключительно на «русский авось» («гром не грянет 


– мужик не перекрестится») - причина большинства отечественных аварий, включая такие 


масштабные, как на Саянской ГЭС.   







      Катастрофическое  нарастание в постсоветские годы эгоизма, в совокупностью с 


жадностью и суперамбициозностью нашло своём выражение в захвате участков по 


берегам водных объектов, причем самых лучших и престижных. Когда заборы «дачных 


владений», коттеджных поселков и турбаз, игнорируя Водный кодекс и все правила, 


перерезая прибрежную полосу, заходят прямо в воду, самым грубым образом нарушаются 


гражданские права  населения. Попытки бороться с этим административными мерами, как 


правило, безуспешны.     Разновидностью эгоизма (в понимании «после меня хоть потоп») 


является поведение отдыхающих на берегу реки или озера: установка палаток и машин в 


нескольких метрах от берега,  замусоривание береговой полосы, мытье машин в водном 


объекте.    


    В рассмотрении многих ситуаций, например, получении разрешения на 


водопользование, нередко проявляется ещё одно качество – волокита. Бюрократизм 


живет во многих странах, но его российская разновидность – особая, тем более что пути 


ускорения процесса с помощью «телефонного права» или взятки давно отработаны.    


           Наверно, этим перечнем аморальные факторы российского водопользования не 


исчерпываются, но и этого достаточно, чтобы судить о высокой субъективности и 


поведения водопользователей  (и организаций, и населения), и  процессов принятия 


управленческих решений. Это в большинстве относится не только к водопользованию, но 


и к природопользованию в целом, в частности, к землепользованию, как это было 


показано Б.Б.Родоманом (2015) в отношении ухудшения ландшафта.  


    Преодоление аморальных факторов и вызываемых ими негативных ситуаций – 


сложный, длительный, но крайне необходимый процесс. Его составные части – 


разъяснение, популяризация знаний, воспитание, в первую очередь – подрастающего 


поколения. В Байкальском регионе это осуществляется через школьный проект 


«Общественное водоохранное движение – Чистые воды Прибайкалья» и через эколого-


географическую газету «Исток».   
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Determination of  Zones of  Maximum Climate 
Destabilization in the Northern Hemisphere 


Fig. 2. Temperature clusterization in Eurasia


Fig. 1. Precipitation clusterization in Eurasia


ba
Fig. 3. Precipitation (a) and temperature (b) clusterization in Africa


Fig. 4. Precipitation clusterization in North America


Fig. 5. Temperature clusterization in North America


Four indicators K1, K2, K3, K4 are simultaneously used for spatial
clustering of meteorological fields. K1 and K2 describe evolutionary
developed statistical regularities of climatic rhythm by means of the
Shannon information:


∑ ⁄ , where l is the maximum sequence
number of years in the year series with constantly increasing or
decreasing values of meteorological characteristic, is the occurrence
probability for years with a sequence number k=1,2,3… in these series;


∑ ln 2⁄ , where , reprezent an average
duration of the series and a 33-year phase of the secular climatic
fluctuations, and both are normalized by the sum of their durations.


and characterize the latitudinal and longitudinal location of
weather stations thus reflecting spatial-temporal cohesion of
meteorological factors.


Using climate database FAOCLIM-2 and the method of spatial clustering of continental meteorological fields, two types of spatial clusters (with
relatively stable and destabilized climate) were defined. The first type is formed at the stabilizing influence of natural vegetation, whereas the
second (i.e. weather stations outlined with a larger circle) as a result of resonant human impact.
The proposed analytical method of meteorological fields decomposition is based on regional differences of their long-term rhythms. Such a
decomposition can be applied as to the continent as a whole (Fig. 1-5) as to the territories of various countries.
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HYGIENIC ASSESSMENT OF THE EFFECTIVENESS OF GENERAL WATER TREAT-
MENT SYSTEMS  ACCEPTED IN RUSSIAN FEDERATION  AND THE INTRODUCTION 


OF INNOVATIVE TECHNOLOGIES  IN PRACTICE TO IMPROVE THEIR BARRIER 
FUNCTION 


Doctor of medicine, professor, academic  of RAS Y. А. Rakhmanin, 
Doctor of medicine, professor  R. I. Mikhailova 


SI of Human Ecology and Environmental Hygiene of A. N. Sysin of Russian Ministry of health, 
Moscow, 119991, Moscow, Pogodinskaya street, h.10, build. 1 


Water in quantitative terms is the main resource of the  Earth. From its multi-faceted func-
tions the particular importance have life-giving and purifying ones; life-giving function  determines 
all life processes on the Earth;  purifying function is coupled with one way or another all kinds of 
biological or chemical contamination are involved in the water cycle. The dissemination of chemi-
cal and biological contamination by waterway essentially is without any boundaries. Biological pol-
lution of water which had been dominated till the begining of  the 20th century, had served as the 
basis for developing of various methods and means of water disinfection, which had led, on the one 
hand, to the effective reduction of many water-caused epidemics,  but on the other hand, in the se-
cond half of the 20th century it had become obviously the problem of the generation of hazardous 
disinfection by-products, including   manifestations of the long-term consequences to health.  


As sources of the formation of by-products it had been identified both natural substances 
(humic compounds, fulvic acids etc.), and   various  anthropogenic contamination. For example, 
during the chlorine disinfection of water containing aniline, there is formed more than 12 chlorinat-
ed compounds, one half of which are carcinogens and mutagens, and during the ozone disinfection 
of water containing toluene, ther are formed more than 11 compounds, five of which are carcino-
gens and mutagens.  


Intensive development of chemical, refining and pharmaceutical industries, were character-
ized by the fact that in the beginning  of the 21st century, chemical pollution had become wide-
spread, and chronic noncommunicable diseases had become the dominant factor of the population 
mortality. 


In the register of Chemical Abstracts Service (CAS) as on January 1, 2016 were registered 
103 million of  synthetic chemical substances and 66 million of their derivatives. Each year  the list 
of register have been  fillng by 10 million of  items of newly created chemical compounds and their 
derivatives approximately. Since the water is the single purifying fluid on the Earth, then the water 
surface sources first of all have turned into reservoirs of the chemical contamination where chemi-
cals may  present in quantities from a few hundred to tens of thousands  simultaneously.  
That’s the technological scheme of water treatment which had been adopted in the beginning of the 
20th century for the centralized drinking water supply that includes coagulation, filtration, sedimen-
tation and chlorine disinfection,   firstly   for surface water sources had become obsolete. 







 Institute's specialists have varified more than 100 systems of centralized water supply and 
have established not only the lack of effectiveness of this technology for the salt composition, mac-
ro - and micronutrients, low effectiveness of the purification (reduction by 2-3 times) of most chem-
ical contaminants, but in spite of high effectiveness of the purification (reduction by 5-10 times and 
more) the discrepancy of a number of organoleptic, biological and chemical indicators  to necessary 
hygienic regulations. 
 The use of chemicals in water treatment also leads to partial contamination of the purified 
drinking water  (residual quantities of reagents), as well as to the possible appearance of by-
products of chemical transformation of contaminants,as  the result of the disinfection. Those cir-
cumstances determine, on the one hand, the need of the  introduction of «green technologies» re-
ducing the chemical pollution of the environment by various industries and, on the other hand, they 
actualize the development and implementation of more advanced effectiveness, less dangerous and 
amenable to operative management  of  manufacturing technical solutions.  
 These considerations have realized in practice as the form of the modernization of disinfec-
tion methods, application of sorption and membrane separation technologies, the combine use of 
chemical and physical methods of water treatment.  
 The active use of new technological solutions for the replacing   liquefied chlorine gas to 
sodium hypochlorite or chlorine dioxide combine with ozonation or UV-radiation, the application 
of various sorbents, ultra - and nano filtration materials had provided the significant improvement  
of drinking water quality indicators in Moscow, St. Petersburg and other cities.  
 The importance of the enhanced monitoring of possible chemical pollution of water sources 
and drinking water  is indicated by the fact that at the present time in Russia have been developed 
and scientifically based maximum permissible concentrations (MPC) and approximate safe levels 
(ASL) for approximately 2,000 chemicals.  
 However, the Institute's specialists detect more than 100 poorly understood and without hav-
ing hygienic standards chemical compounds  in water sources and drinking water.  
 For example,  there were found 232 chemical compounds in the source water of the Izhevsk 
pond, from which 222 have no standards yet, and in drinking water after treatment are 103 sub-
stance, from which  94  have no hygienic standards too.  
 There were no hygienic standards for more than 50% of volatile hydrocarbons identified in 
Moscow tap water.  
 The above mentioned facts determine both the need of further improvement of drinking wa-
ter treatment and targeted funding of the development of hygienic standarts of the most hazardous 
and frequently detected  poorly-studied chemical compounds in water. 
 The most important direction of water treatment systems modernization of populated areas, 
located in arid regions of the world, is obtaining high quality drinking water with the use of differ-
ent methods of desalination of sea water and saline undergroundwater.  
 However, taking into account the current level of scientific knowledge, developed water 
treatment system of desalinated drinking water by various methods (evaporation, reverse osmosis, 







electrodialysis, ion exchange, freezing), presented in international document "Guidelines on Health 
Aspects of Water Desalination", WHO, Geneva, ETS 80.4), developed by us, is needed for further 
improvement.  
 The general trend of improving  the drinking water quality of supplied by centralized water 
supply systems is also the expanding in some regions the use of protected from massive chemical 
and biological contamination of underground water sources, which  water treatment is a wider use 
of membrane and sorption technologies. 
 More than 30 years experience in the field of Biophysics of water indicates the feasibility in 
term of scientific rationale and implementation in practice of water treatment and quality control of 
drinking water of   new indicators and technologies, related to the redox properties of water, elec-
tronic saturation and balance, isotopic hydrogen-oxygen composition, capable to determine,  posi-
tive biological effect on human beings, animals and plants.  
 The successful solution of these problems is related to the need for international cooperation 
of scientific staff and practitioners, including   member States of the BRICS, which are working in 
the field of introduction of innovative technologies producing high quality drinking water. 
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WATER SUPPLY METHODS FOR THE POPULATION 
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water supply 
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Custom 
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water supply 
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WATER-CAUSED DISEASES  


Pollution-caused diseases  Deficiency-caused diseases  


Water biological  pollution  Lack of water  Lack of biogenic 
elements  


Intestinal 
infections  


of bacterial 
and viral  
nature 


(dysentery, 
typhoid fever, 
viral hepatitis 


etc.)  


 Parasitic 
diseases 


(helmintosis, 
giardias, 


criptospori-
diosis etc.) 


 


Vector deseases   
They are 


communicated 
by carriers – 


insects, molluscs 
(malaria, 


schistosomiasis, 
opistorchosis 


etc.) 


 Infectious and 
parasitic 
diseases 


(trachoma, itch 
etc.) 


Deficiency-
caused 


diseases 
(caries,            


goitre disease, 
cretinism, 


anaemia etc.) 


Water chemical  pollution  


Carcinogenic 
pathology  


Toxicosis  Mutagenic 
pathology  







Water sources for 78 cities and towns of Russia with population 
>250000 people* 


Surface sources 
34 cities (44%) 


15 cities 
 - population                


250000 - 500000                
people 


9 cities 
population                       


500000 - 1000000 
people 


10 cities  
population                    


> 1000000 people 


Both, surface & 
underground sources 
22 cities (28%) with 


subsiol water 10 - 30% 


9 cities  
population         


250000 - 500000 
people 


10 cities  
population                       


500000 - 1000000 
people 


3 cities  
 population                           


> 1000000 people 


Underground sources                   
22 cities (28%) 


17 cities 
population         


250000 - 500000 
people 


5 cities 
population                       


500000 - 1000000 
people 


* Digest RAS «River basins water problems and their solutions» 







Classification of water quality indices according to treatment of 
water at waterworks 


T r e a t m e n t       e f f i c i e n c y 


High  Moderate  Absence  Impairment  


TMC 
Total coliform bacteria 
Thermotolerant 
coliform 
Bacteria 
Salmonella 
Lamblia cycts 
Helminths eggs 
Colour 
Turbidity 
Benzo(a)pyrene 
Cryptosporidium 
 


Water oxidation 
susceptibility 
Iron 
Manganese 
Petroleum products with 
SAS 
Viruses 
Coli-phages 
Clostridium (sulfate-
reducing)  


Mineral composition 
Corrosive activity 
indices 
Nitrogen-containing 
Compounds 
Radionucleids 
DV molecules fractions  


Aluminum 
Residual chlorine 
Trihalomethanes and 
other halogen-
containing 
hydrocarbons 
Toxicity for hydrobionts 
Formaldegyde 
Mutagenic activity  







Microbiological and Parasitological indices of  the environmental objects  
water  air   soil   


 Pathogenic 
bacteria 


Conditionally-
pathogenic bacteria 


Viruses   Protozoa   Fungy  


Shigella 
Campylobacter 
Streptococcus 
Escherichia 
Vibrio 
Legionella 
Staphylococcus 
  


Yersinia                    
Citrobacter 
Klebsiella 
Enterobacter 
Serratia 
Pseudomonas  
Proteus 
Hafnia 
Pseudomonas aeruginosa 
Aeromonas 


Polyoviruses                         
Coxsackieviruses 
Echovirus 
Adenovirus 
Rotavirus 
Reovirus 
Norwalkvirus 
Astravirus 
Calicivirus 
Hepatitis A virus 
Hepatitis E virus 


Cysts of Lamblia 
Cryptosporidium Oocysts 
Oocysts 
Plathelminthes 
Nemathelminthes  
 
 
 
  


Eumycophyta: 
Aspergillus 
Penicillum 
Mucor 
Candida 


bacteria group Escherihia coli 
(SN 2.1.4.544-96); 


Total coliforms, 
Termotholerant coliforms,  


Staphylococcus                            
(SN 2.1.2.568-96); 


Total coliforms, 
Termotholerant coliforms, 
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(SN 2.1.5.980-00;                            
SN 2.1.4.1074-01;                              
SN 2.1.4.1175-02) 


Pseudomonas 
aeruginosa 


(SN 2.1.4.1116-02) 
 


developed for 
Klebsiella 


 


Colifages  
SN 2.1.2.568-96;                        
SN 2.1.5.980-00;                          
SN 2.1.4.1074-01 


  


Cysts of Lamblia, 
Plathelminthes 


Nemathelminthes, 
Cryptosporidium 


oocysts                            
(SN 215.980-00); 


Cysts of Lamblia                 
(SN 2.1.4.1074-01) 


developed for 
Penicillum 


 


S A N I T A R Y   I N D I C A T O R S    


SN - San. normatives  







The narrowest 
one, not strict, 
stable 


Narrow, not stable  Less broad, less 
strict, integral, 
not stable  


Broad, hygienic,  reliable 
(strict), integral, stable, ensures 
the epidemic safety concerning 
pathogenic and conditionally 


pathogenic bacteria  


The nature of the 
indicator  


Gafnia 
Morganella 
Edwardsiella 
Providencia 
Serratia 
Proteus 
Salmonella 


Rahnella 
Buttiauxella 


Rahnella 
Buttiauxella 


Klebsiella Klebsiella 
Citrobacter 
Enterobacter 


Klebsiella 
Citrobacter 
Enterobacter 


Escherichia 
 


Escherichia 
 


Escherichia 
 


Escherichia The generic of the 
family Enterobac 
teriaceace  


Lactose, acid 
and gas 44oC 
indole formation  


Lactose, acid and 
gas 44oC  


Lactose, acid 
and gas 37oC  
  


Glucose, acid and 
gas 37oC  


Identification 
criteria  


E-coli  Thermotolerant 
coliform bacteria  


Total coliform 
bacteria  


Glucose-positive 
coliform bacteria  


Indicators  


THE COMPARATIVE CHARACTERISTIC OF          
COLIFORM INDICATORS 


w a t e r  q u a l i t y  s t a n d a r d  
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 enteroviruses and coliphages  
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                Moscow Nukus Perm Katta-Kurgan 


Dependence  morbidity of hepatitis "A" population of the cities Moscow, Perm, 
Nukus, Katta-Kurgan from the level of contamination of the drinking water by  


enteroviruses and coliphages  
  


morbidity of hepatitis "A"  to 100 thousands of population 
% allotment of Coli-phages 
% allotment of  Enteroviruses 







       Chronic non-infectious 
disease is the cause of 75% of 


all deaths in Russia. At the 
same time cardiovascular 


diseases is the cause of 55% 
and cancer - about 15% deaths.  







 Increase in the number of chemicals in 
the period from 1965 to 2015. -                             


up to 103 million.  


1957-1965 – 300 thousand/year 
1976-1990 – 670 thousand/year 
1991-2005 – 1 million/year 
2006-2015 – 7,5 million/year 







THE NUMBER OF THE VOLATILE HYDROCARBONS 
DETECTED IN WATER 


Medium  The number of 
test-objects  


The number 
of 


substances  


The number 
of chemicals’ 


groups  


The 
percentage of  
unregulated 
substances  


The water of surface 
water sources  


25 rivers,  
7 lakes,  
7 water 


reservoirs 


238 25 69 


Drinking water  75 towns 
and cities  42 7 52 


The total number of 
the substances, the 
content of which is 
of regulated (in 
Russia) 


1900 * 
(1497 MAC 
 403 RAC) 


* MAC - Maximum permissible concentration;                                                                 
RAC -  Roughly (temporary, orientational) admissible concentration  







The results of GC-spectrometric analysis of Izhevsk pond and 
drinking water supplied to the population of Izhevsk 


The class of compounds Izhevsk pond Drinking water from 
storage reservoir 


Alkanes 44 22 
Alkylbenzene 29 12 
Naphthenes 19 12 
PAH 17 5 


Phthalates 9 8 
Acid, esters 33 11 
Alcohols, ethers 21 1 
Ketones 13 3 
Aldehydes 4 1 
Halogenated substances 6 6 
Sulfur-containing substances 9 9 
Other 28 19 
TOTAL 232 (10*) 103 (9*) 


* - Amount of the regulated substances 



http://www.multitran.ru/c/m.exe?t=3562510_1_2&s1=%E0%EB%EA%E8%EB%E1%E5%ED%E7%EE%EB





Fragment of chromato-mass-spectrogram of drinking water 
(Moscow,  2014 г.) 


1 - Aceton; 2 - 4.Diethyl ether; 3 - Dichlormethane; 4 - 2-butanone; 5 -chloroform; 6 - Hexane; 7 - 
benzene; 8 - toluene; 9 - hexanal; 10 - cyclopropane pentyl; 11 - Octane; 12 - chlorobenzene; 13 - 
heptanal; 14 - nonanol; 15 - benzaldehyde; 16 - octanal; 17 - 3-methyl-1-ethylbenzene; 18 - 2-
ethylhexanol; 19 - 5-isopropenyl-1-methyl-1-cyclohexene; 20 - nonanal; 21 - decanal; 22 - 
naphthalene; 23 - cyclohexyl isothiocyanate; 24 - undecane; 25 - dodecane; 26 - tridecane; 27 - 2,4,6-
trimetildekan; 28 - diisobutylphthalate; 29-31 - isomers pentadecane. 







THE TRANSFORMATION OF SUBSTANCES (4x10-4 mole/l)  
UNDER CHLORINATION AND  


 ULTRAVIOLET-RADIATION EFFECT 


Substance The number of 
the transforma-


tion products 
formed under 


chlorination (56 
mg/l of active 


chlorine)  


Of them  
known as 


carcinogens 
and mutagens 


The number of 
the transforma-


tion products 
formed under  


UVR effect 
(80 mJ/cm2) 


Of them  
known as 


carcinogens 
and mutagens 


Cyclohexene 10 5 - - 


Butyl alcohol 8 4 3 1 


Acetophenone 9 5 - - 


Aniline 12 6 - - 


Methylnaph-
thalene 


13 6 - - 


Phenylxylile-
thane 


13 4 8 1 







THE CARCINOGENIC AND MUTAGENIC PRODUCTS OF THE TRANSFORMATION  
OF ORGANIC SUBSTANCES FOLLOWING WATER OZONISATION 


Transformation 
products  


Carcinogenic 
effect 


Mutagenic 
effect 


The number of transformation 
products 


Toluene: 
Acetaldehyde + + 11 substances  


(hexanal, decanal, acetone, 
acetophenol, methyl isopropyl    


ketone, methylnitrate) 
Benzaldehyde - + 
Benzene + + 
Styrene + - 
Benzonitrile + - 


Ethyl benzene: 
Benzaldehyde - + 8 substances:  


(nonanal, decanal, acetone, methyl 
isopropyl ketone, dibutylphthalate, 


methylnitrate) 
Toluene - + 


Styrene: 
Acetaldehyde + + 11 substances  


(hexanal, octanal, heptanal,nonanal, 
decanal, acetone, acetophenon, 


benzene) 
Benzaldehyde - + 
Ethyl benzene - + 


Acrylonitrile: 
- - - 7 substances  


(hexanal, octanal, heptanal,nonanal, 
decanal, acetone, methylnitrate) 







WATER TREATMENT TECHNOLOGY HEPATITIS A INCIDENCE 
(per 100 000 people) 


Traditional water treatment technology          
(2000 – 2007 г.г.): 


-coagulation-sedimentation; 
-filtration; 


-decontamination with gaseous Cl 


 
 


375 


Upgraded water treatment technology                      
(2007–2012 г.г.): 


-Nonchemical UV-radiation method of disinfection; 
-Replacing Cl gas with sodium hypochlorite 


 
34 


  
    


     (10,5 times decrease) 


DISINFECTION TECHNOLOGY DISINFECTION USE 
EFFECTIVENESS  Open Joint-stock Company 


State Unitary Enterprise "Vodokanal of St. Petersburg" 
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Indicators under investigation High-frequency 
discharge  


Low-
frequency 
discharge  


Electrochemical 
treatment 


MIO-
radiation 


I. Bacteriologic contamination: 
Total microbe number , CFU/ ml  98,5 99,6 99,5 99,9 


Clostridiums, CFU/ l                            
    spore form 
    vegetative forms 


 


- 
- 


  


99,4 
94,7 


  


- 
- 


  


94,8 
92,7 


Salmonella , CFU/ l 
 


- 100 - 100 


II. Virusologic contamination: 
Colifags, PFU/ l 99,2 100 100 100 


Рoliovirus LSc2ab,  ТCD50  
 


- 100 - 100 


III. Parasitologic contamination: 
Lamblian cysts, colony/l 
Helmintian eggs, colony/l 


- 
- 


- 
- 


80 
- 


99,87 
99,92 


COMPARISON CHARACTERISTICS OF THE DISINFECTION OF WATER 
EFFECTIVENESS BY PHYSICAL METHODS 


Designations: CFU – colony-forming units; PFU – plaque-forming units. 
MIO – powerful impulse optical (Lazer)                                                                                







Comparison characteristics of water treatment efficiency using                                           
new advanced technologies 


Indicators under 
investigation 


Sorption 
purification 


Ozone-
sorption 


purification  


Physical methods Desalination 


High-
frequency 
discharge  


Low-
frequency 
discharge  


Electrochemical 
treatment MIO-radiation Distillation Electrodialysis Reverse 


osmosis  


I. Organic contamination:  


1. Trihalomethanes + ++ + + - - - + + 


2. Pesticides (chloroorganic 
chemicals, 
phosphoroorganic  
chemicals) 


++ ++ ++ ++ ++ 


3. Phenols ++ ++ + ++ + - - ++ ++ 


4. Oil-products ++ ++ + ++ - ++ ++ ++ ++ 


5 Polyaromatic 
hydrocarbons  ++ ++ ++ + + - ++ ++ ++ 


6. Synthetic surface-active 
substances + ++ ++ ++ + ++ ++ ++ ++ 


II. Non-organic contamination  


7. The metals of the I and 
II danger classes - ++ + + - - ++ + + 


8. The metals influencing  
upon the organoleptic 
properties 


- ++ ++ + + - ++ ++ ++ 


9. Nitrogen containing  
chemicals (NO2 and NO3) 


- - - - - - ++ + + 


10. Salt content and 
microelements (boron, 
bromine, fluorine) 


- - - - - - ++ ++ ++ 


III. Radiochemical contamination  


11. Volume alpha and beta 
radioactivity  - + ++ ++ ++ 


IV. Biological contamination  


12. Microbiological - ++ ++ ++ ++ ++ ++ ++ ++ 


13. Virusological - ++ + ++ + ++ ++ + ++ 


14. Parasitological - ++ ++ + ++ ++ - ++ 
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SALINE  COMPOSITION 
TRADITIONAL  INDICATORS ADDITIONAL INDICATORS  


“DEUTERIUM  NUMBER” 


MICROELEMENT  COMPOSITION 


MICROBIAL  CONTENT WATER  TEMPERATURE 


WATER  STRUCTURE 


ORGANIC  SUBSTANCES 


CRITERIA FOR DESALINATED DRINKING WATER QUALITY 


FAVOURABLE 


ORGANOLEPTIC 


PROPERTIES 


EPIDEMIC 


SECURITY 


 


HARMLESSNESS 


OF CHEMICAL 


COMPOSITION 


PHYSIOLOGICAL 


FULL VALUE 


 


SAFETY OF 
DRINKING 


PROPERTIES  
(QUALITY STABILITY) 


RADIOLOGICAL 
HARMLESSNESS 


  II 


II 


I 


I 


 
BASIC HYGIENIC CRITERIA FOR ASSESSEMENT AND 


INDICATORS OF WATER SUPPLY SYSTEMS (I)  AND BOTTLED (II) 
DRINKING WATER QUALITY 
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Indicators  


Units  The standards    
of the 


physiological 
adequacy of 


drinking 
water  


Switzer-
land  


Belgium  The standards of the quality of packed 
drinking waters  


The 
standards 


for the 
waters of 
superior  
quality  


The quality 
standards for 


drinking 
water  


The first 
grade   


The 
superior 


grade  


Children’s 


Total mineralisation (dry 
residual)  Mg/l   


>1001) - <1000  
<5002) 


>100- <500 <1500 <1000 >200 - <500 >200 - <500 


Hardness  Mg-
equiv/l  


>1,51) - <71) >1,5- <2,5 >1,6 -<6,75 <7 >1,5 - <7 >1,5 - <6 


Alkalinity  - “ - >0,51) - <6,51) - > 0,5 <6,5 >0,5 - <6,5 >0,5 - <5 


Calcium (Ca)  Mg/l  >251) - <1304) >40- <125 >50 - <270 <130 >25 - <80 >25 - <60 


Magnesium (Mg)  
- “ - 


>51)  - <654) >5- <30 >6 - <50 <65 >5 - <50 >5 - <35 


Potassium (K)  - “ - - <10 <12 <20 >2 - <20 >2 - <10 


Bicarbonates (HCO3)  - “ - >301) - <3901) - >30 <400 >30 - <400 >30 - <300 


Fluoride-ion (F)  - “ - >0,5 - <1,54) 
(<43-<22) 


- >0,7 - <1,5 <1,5 >0,6 - <1,2 >0,6 - < 1 


Iodide-ion (J)  Mсg/l  >104) - <1254) - - <125 >40 - <60 >40 - <60 
 


Notes: 
1. - Guidelines on health aspects of water desalination (WHO, ETS/80.4) 
2. - The EU Directive (1998) 98/83/EU 
3. - The IBWA standards for bottled water 
4. - Developed in Russia 


The international guidelines and quality standards in the RF 







Classification of methods of Energo-informational  
impact (AIV) water 


impact (AIV) water  


Electric  Wave  Temperature  


Magnetic  


High 
temperature  


Low  
temperature  


Pressure   


High  
pressure  


he degree of 
vacuum  


Mechanical  


Eddy Cavitational   


Alternating 
field  


A constant 
field 


High voltage 
discharge  


Low-voltage 
discharge  


DC  


AC  


Cold plasma  


Electrolysis, 
electrodialysis  


Direct Consistently 


Ultrasound  


Audible range  


The visible 
region of the 


spectrum  


Microwave  


Laser  


UV  


The invisible 
region of the 


spectrum  







Physico-chemical analysis of water, subjected to 
energy and information processing 


Research methods  


General physico-
chemical analysis  


Special methods  
research  


Salt composition: 
Ca, Mg, K, Na, Cl, 
SO4, HCO3, CO3, 
PO4 
Stiffness 
Alkalinity 
pH 
Ion composition: 
Fe, J, F 
  
 


The contents peritonialnogo the 
ion-radical (PIR) 


The definition of the content of 
structured-phase water in bulk 


(SF/S)  


Optical spectroscopy                  
(OS)  


Infrared spectroscopy                      
(IR)  


Contrast-phase microscopy 
(KFM)  


Dynamic viscosity                              
(DV}  


Proton magnetic resonance 
(PMR)  


Nuclear magnetic resonance 
(NMR) 


Oxidation - reduction potential 
(ORP)  


Differential conductometry 
(DC)  


Crystallography                            
(K)  


Electrical conductivity (EE), 
thermal conductivity (TC)  


High performance liquid 
chromatography (HPLC)  







BIOCATALYTIC 
ACTIVITY 
(concentration НО2


-(*), мg/l)* 


- the indicator establishing degree of an electronic not equilibrium of the 
water which is responsible for intensity of oscillatory and 
conformational processes in water, biological membranes, proteins and 
nucleonic acids, operation of "cellular pumps", transport of vesicles and 
proliferative activity of cages. 


 
OXIDIZING – RECOVERY 
POTENTIAL  (Еh, мV) 


- the indicator estimating stability of system of antioxidant protection of 
cages, degree of freely radical load of cellular structures and 
participation in start of the program of apoptosis of cages. 


THERMODYNAMIC 
INDICATOR  
(dynamic viscosity, μ, СР) 


- the indicator defining thermodynamic and rheological properties of liquid 
in an organism, inflow of energy of hydration of proteinaceous 
structures of cages and their ability to conformational reorganization. 


STRUCTUREDNESS 
 (qср., %) 


- the exponent of hydration of proteins establishing efficiency of electronic 
transfer and transport of intracellular metabolites, activity of enzymes 
and organellas of cages and the activating action on a cellular cycle. 


ENERGY DISTRIBUTION 
of a structured phase                  
(the proportion of States     
Δ(qi), Rel.ed) 
  


-indicator of an orientation of the activating and regulatory action for work 
of intracellular structures and a selective expression of operons of DNA 
operating a cellular cycle and a differentiation of cages. 
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HUMAN ISOTOPIC  COMPOSITION  
 


 
 


 18О–102 g 
 


17О-18,4 g 


 


 


13С-206 g 
  


15N–7,6 g 
  


 D–2,3 g 


 


16О 
45,6 kg  


12С 
  17,1 kg   


 
Total number 


 of isotopes of other  
elements = 2,52 kg  


75 kg  







HUMAN ISOTOPIC  COMPOSITION  BY THE NUMBER OF THE 
ATOMS OF THE ELEMENTS FORMING HUMAN BODY 


(unit – the number of atoms x 1024)  


 
 


13С–8,9 
 


5N-0,3 


 


18O-3,2 
 


D–0,65 
 


17O–0,61  


1Н 
4200 


16О 
1600  


Total number of  
other atoms ~ 


34 


Total number  
of atoms ~ 6728 


1H = 62,5% 
16O = 23,8% 
12C = 11,9% 
14N = 1,2% 
Σ = 99,4% 
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NATURAL WATER  
 


hydrogen and oxyden isotopic composition 


 
 


normal isotopic composition 
H2 


16O – 99,727 %  


Heavy oxygen water  
H2 


18O – 0,2 %  
H2 


17O – 0,04 %  
Heavy hydrogen water  


H D 
16O – 0,033 %  


H2 O + D2 O ↔ 2 H D O     ( Кr = 4 ) 
 


H2 
16O H2 


17O H2 
18O 


H D 
16O H D 


17O H D 
18O 


D2 
16O D2 


17O D2 
18O 


Hydrogen 
protium (1) 
deuterium (2) 
(heavy hydrogen) 
tritium (3) 
 


Oxyden 
15O 
16O 
17O 
18O 
19O 
 
 
 
 


Stability 
isotopics 
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Photoelectrocatalysis: a powerful tool for wastewater treatment  


Maria Valnice Boldrin Zanoni, Guilherme Garcia Bessegato, Thaís Tasso Guaraldo, 


Barbara A. Souza, Juliano C. Cardoso 


University of São Paulo State – UNESP, Institute of Chemistry, Araraquara, Rua Francisco 


Degni, 55, Bairro Quitandinha, 14800-900, Araraquara, SP, Brazil 


 


The life on earth is of the order 3.5 billion years, but although the Homo 


Sapiens inhabit the land for only 200,000 years they have promoted profoundly adverse 


impact on the environment. This has led to degradation of land, air and water. Water in 


liquid form shaped the land and propels the engine of life, but it is important to remember 


that despite the water be responsible for ¾ the earth's surface only 2% are fresh water and 


from this only 1 % are available as surface water (rivers, lakes and others). The world is 


experiencing a paradigm where the population and water consumption grows and 


concomitantly the water pollution increases dramatically leaving a trail of environmental 


impacts. Fresh water is vital input for the life and development, nevertheless 16 % of 


population there is no water accessibility and around 5000 people/day die due intake 


polluted water. The water quality follows specifics criteria and the risk assessment depends 


of legal regulations of each country and there is a consensus about the standard drinking 


water. But in the last years there a great concern about some pollutants primarily called 


"micro-pollutants" and some of them considered as "emerging contaminants". In this group, 


there is the concern with pharmaceuticals and its metabolites, personal hygiene 


products, pesticides, dyes, flame retardants, insecticides, biocides, dyes, aromatic amines, 


plasticizers that even in low concentration are suspected of causing environmental effects 


adverse and harm to human health.  


The present work proposes the use of photoelectrocatalysis as a new technique able 


to complete removal of emerging contaminants, promoting their complete mineralization 


into CO2 and water. The great versatility of semiconductors materials used as photocatalyst 


coupled to bias potential has being investigated and the possibility of electrons, holes, 


hydroxyl radical generation has increased dramatically the applicability of 


photoelectrocatalysis in the removal of hazardous organic compound. This configuration 


allows the more effective separation of photogenerated charges due light irradiation with 







energy higher than the band gap energy of the semiconductor, thereby increasing the 


lifetime of electron–hole pairs.  


Special attention has being focused to applications of TiO2 and the modification of 


its surface at nanoscale architectures, with great improvement in its photocatalyst properties 


useful for the degradation of organic pollutants, reduction of inorganic contaminants, 


microorganism inactivation with great success. Therefore, total mineralization of the 


pollutants is the great goal. Concomitantly the evaluation of genotoxic, cytotoxic and 


mutagenic responses are also relevant, since some derivatives or metabolites formed during 


photoelectrocatalytic treatment could be more dangerous than the initial contaminant. But 


the technique has great efficiency in the removal of toxicity, too.  


In order to improve the power of the technique we have developed several kind of 


semiconductor nanostructured based on TiO2, and WO3 with and without decoration with 


Pt and Ag, B and Sb and composites of TiO2/WO3 and Si/TiO2 decorated with Pt or Au 


that applied in specific photoelectrocatalytic reactor has shown great enhance in the 


efficiency of emerging effluent contaminants treatments and almost complete removal of its 


residues in surface water and water treatment plant. In addition, it is also investigate the 


degradation routes of micropolutants by photoelectrocatalysis under artificial and solar 


irradiation. All the treatment is always evaluated by analytical techniques to monitore the 


degradation and also the toxicological/mutagenic properties of the micropollutants in as 


well the subproduct generated.  


Concomitantly to these works our group has monitored some of these 


micropollutants by analytical techniques in order to quantitatively determine before 


applying the degradation technique. Therefore, we obtained valuable information about 


occurrence before to propose new methods able to degraded and convert it in carbon 


dioxide, water and minerals.  


We also have developed more efficient reactors for wastewater treatment 


contaminated by dyes in order to give answer to one important demand of the textile 


industry and also dye in food and leather etc. We also have shown for the first time the use 


of photoelectrocatalysis in reductive way to degrade inorganic pollutants as bromate, 


nitrate, nitrite and others. The great goal was to convert these pollutants in nitrogen oxides 


for instance.   







In order to seek new alternatives to reduce cost involved in treatment of organic 


compounds by photoelectrocatalysis where nanotubes of doped TiO2 and WO3 are used to 


promote incineration of organic pollutants by activation by light in the visible and 


simultaneous generation of hydrogen that can be used as the source power, with the aim to 


improve the cost/benefit involved in water treatment.  


The research for new disinfection methods is able to promote complete inactivation 


of micobacteria and fungus. For this we have studied new nanomaterials as photoanode in 


photoelectrocatalytic reactors with great success. The production of •OH radicals with high 


oxidizing power was able to kill the micobacteria and fungus at very short time in 


contaminated water and also to destroy the products generated from lyse cell during the 


process.  In addition we have proved that the use of nanostructure material has improved 


the performance of photoelectrocatalytic processes with enlargement of semiconductor 


absorption front of the sunlight spectrum contributing to a significant impact in making 


these technologies commercially viable.  


The main disadvantage of photoelectrocatalytic treatment is efficiency losses in 


highly concentrated matrices (mainly highly colored media) due to light absorption by the 


medium resulting in reduction of photoanode activation. Thus, although it is a powerful 


technique for treatment, sometimes it becomes necessary coupling with other techniques as 


physical treatments (to remove particulate matter), or biological treatment, or other 


Advance Oxidation Processes. Finally, we have developed efficient reactors allowing scale-


up to industrial plant treatment. 


Thus, we can show that photoelectrocatalytic systems have shown a powerful 


technique when applied in wastewater treatment. This was possible largely due to the great 


advances in the materials, mainly the contribution of nanostructured semiconductors and 


modified materials which enable the absorption of visible light (solar irradiation) and many 


applications have being tested in water treatment. By virtue of that, the core goal to be 


pursued ought to be the total mineralization of the pollutants.  
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ELETROANALYSIS 


ENERGY 


DISINFECTION 


REMOVAL  
CONTAMINANTS 


REMEDIATION 
RECYCLING 


ELECTROSYNTHESIS 


ENVIRONMENTAL  
ELETROCHEMISTRY 


  
Potentiostat 


Potential Current 


ER ET EA 


nano 


Ox + ne- → Red 







EMERGING CONTAMINANTS  


Pharmaceutical compounds 
(antibiotics, psychoactive,anti-inflammatory ) 


Personal hygiene products 
Surfactants, bleaching, sunscreen 


Hormones and disruptor endocrines 
   estrogens, bisphenol 


Biological metabolites and toxines 


Flames retardants 
Polybrominated compounds 


Pesticides e repellents 


Plastic and derivatives 


Dyes 
Aromatic amines 







CONTAMINANTS 
REMOVAL by ELECTROCHEMICAL 


TECHNIQUES 


electrodeposition 


electrocoagulation 


electroreduction 


electrooxidation 


electroflotation 







Photoelectrocatalytic reactor 
for oxidation n-type semicondutor (Ti/TiO2) 


e- 


h+ 


b
c 


b
v 


O2 O2 



 
- 


H2O 
OH• 


λ< 390 nm 
 


TiO2 – h+
VB + H2O(ads) → TiO2 – OH•


(ads) 







Photoelectrocatalytic reactor 
for reduction –  p – type semicondutor Cu/CuO 







Phototoelectrocatalytic application 


 
Photoelectrocatalysis and simultaneous hydrogen production 
 


 
Reduction of inorganic compounds (BrO3-, NO3-, NO2- ) and CO2 


 


 
Oxidation of organic compounds 
 


CO2 + H20 


 
Water disinfection : micobacteria and fungus 
 


Zanoni MVB et al. . Electrocatalysis, v. 6, p. 415-441, 2015. 







8 


PHOTOELETROCHEMICAL REACTORS 


WE
UV125W


RE AE
1 2 3 4 


5 







9 


PHOTOELECTROCHEMICAL ELECTRODES 


30V, 20 h/ DMSO/HF 30V, 20 h/glycerol/HF 


Ti/TiO2 –Nanoporous-Nanotubes-Nanowires 


TiO2+ 6F−+ 4H+→[TiF6]2−+ 2H2O 
Ti + 2H2O  → TiO2 + 4H+ 







PHOTOELETROCATALYSIS ON NANOTUBES OF Ti/TiO2 


Greater surface area 
Excellent percolating electron-transfer vector 
Increased adsorption of the substrate 







 


DEGRADATION OF 4,4-OXYDIANILINE 
Carcinogenic aromatic amine 


  


Nanotubos Ti/TiO2 – 99.7% 


Nanofios Ti/TiO2 – 84.5% 


Nanoporoso Ti/TiO2 – 76.2% 


TREATMENT TIME= 1.5V  + UV irradiation pH 4 
[ODAN] = 100 ppm 


Cardoso et al,Applied Catalysis B: Environmental 99 (2010) 96–102 


180 min treatment 







560 ppm 


280 ppm  


Nanotubes – 60 nm 


Band gap energy  
TiO2 NTs = 3.34 eV  
B-TiO2 NTs =2.22 eV 
Introduction of energy level 
Intrinsic defects as oxygen vacancy 


BORON DOPED TIO2 NANOTUBE ANODES 


XPS 


FEG-MEV 


UV/Vis TiO2-B 


Vis TIO2-B 


UV/Vis Ti/TiO2 







Photoactivity B- TiO2 Nts 
  activation: Visible vs UV  irradiation 


 B- TiO2 UV + Vis irradiation  
 
B- TiO2 -Visible irradiation 
 
TiO2 + UV+ Vis light 


TiO2 + visible light 


Ti/TiO2 doped with Boron -  active even at visible irradiation 


Bessegato et al.,Catalysis Today,, v. 240, p. 100-106, 2015  







Dye degradation AY1 (dye hair) 


100 ppm of AY1 in 0.01 M Na2SO4, pH 2, UV = Vis and Eapp=+1.2 V. 
Best degradation= Photoelectrocatalysis B-TiO2  
100 % discoloration of dye  adn 70 % TOC removal in 2 h of treatment 14 


λ= 393 nm 


Comparison of PEC, PC and EC – B-TiO2 and TiO2 







Nanotubes Ti/TiO2 decorated with 
Pt nanoparticles 


FEG-SEM image of Pt/TiO2NTs  
15 min of platinum electrochemical deposition 
at 10 mA cm-2 in 10 mmol L-1 chloroplatinic acid 
of ethanolic solution 


Diameter = 13 nm 
Zanoni et al. Journal of the Brazilian Chemical Society , v. 25, p. 579-588, 2014.  


acid red 29 pH 3, E= 2V + UV/Vis 
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0.0


0.2


0.4


0.6


0.8
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ln(
C 0/C


)


time / min


 


 


[C
/C


0]
time / min


k1 3.0 x 10-3 s-1  
k2 1.36 x 10-3 s-1 







BV 


E/V 


H+ 


H2 


h+ 


e- 


H2O / 
HO-   


HO•. RCH 


CO2 


BC 


hν 


anodo catodo 


O
2 
O2


.
- 


Ebg 


tipo n 


EF 


hv > Ebg 


PHOTOELECTROCATALYSIS 
Degradation of dye and H2 generation 


Bessegato, guaraldo et al, http://dx.doi.org/10.5772/58333 
Enhancement of Photoelectrocatalysis Efficiency by Using Nanostructured Electrodes, Cha. 10,  
Book: Modern Electrochemical Methods in Nano, Surface and Corrosion Science 







Simultaneous hydrogen generation and dye oxidation 
PEC reactor = two compartment 


pH anode = 6 pH cathode= 4 
sodium sulfate 0.1 mol L-1 E= 1V, [dye]=1x10-5 mol l_1 


Discoloration rate –k = 9.8 x 10-2 min-1 


 


TOC removal = 85 % 
Efficiency H2 conversion
=  46 % 
 


Zanoni, et al., J. Electroanal. Chem., v. 765, p. 188-196, 2015.  







TEXTILE WASTEWATER  TREATMENT USING 
TiO2 NANOTUBES ARRAYS 


BUBBLE ANNULAR PHOTOREACTOR 


Diameter: 56 – 110nm 
 
Length : 0,62 – 2,7µm 
 
Thickness: 24 – 32nm 


High carbonate concentration 







COD and TOC analysis  


0 h 1 h 


2 h 3 h 
pH 3, removal of Carbonate 
COD – Reduction of 70% 
TOC- 70% removal 


Cardoso, C. et. Al. , J.Chem. Engineering, v. 3, p. 1177-1184, 2015.  







OZONATION 


Ozone is a powerful oxidant (2.07 V versus 2.8 V for ●OH) 


(A) ozonation 
100 mg L−1 Acid yellow 1 dye in Na2SO4 0.01 M, O3 flow of 1.25 × 10−4 mol min−1 
 


(∆) pH 9; (●) pH 3; (■) pH 6.5 Acidic pH  
O3 + R → Rox 
 attack to C=C bonds- recalcitrant compounds 
 
Alkaline pH 
 O3 + OH− → ●OH + (O2


● ↔ HO2
●)  


●OH + R● → Rox 
 


100% discoloration  
45 % total organic carbon reduction 


Zanoni et al., Applied Catalysis. B, Environmental , v. 180, p. 161-168, 2015. 







OZONATION COMBINED WITH PHOTOELECTROCATALYSI 
EFLUETNES WITH HGH ONCENTRATION O POLLUTANT 


      
 
The photogenerated electron on TiO2 conduction band  
react with the ozone generating ozonide radicals (O3


●−) and OH● 
 


TiO2 + hυ → TiO2−e− + TiO2−h+  
O3 + TiO2−e− → O3●− 
O3●− + H+ → HO3● 


HO3● → O2 + OH● 


(■) O3+PEC; (○) O3+PC; (▲) O3+UV; (●) PEC; (□) O3;(◄) PC (►) UV 
100 ppm of AY1 in 0.01 M Na2SO4, pH 3, O3 flow of 1.25 × 10−4mol min−1, 
 UV-B 36 W lamp and Vapp= 2.0 V 


UV 


PC 


PEC PEC + O3 


PC+ O3 


lamp 


electro  


ozone 


100% discoloration 
95% mineralization  


Zanoni et al., Applied Catalysis. B, Environmental , v. 180, p. 161-168, 2015. 
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Films bicomposites of Ti/TiO2-CuO 


Photocathode - Ti/ TiO2-CuO 75:25 
[NO3


-] = 5 ppm em NaCl + UV  e -0.2V 


 


NO3
- + 2H+ + e-BC         NO2


- + H2O 


NO3
-         NO2


-          NH3 
 


N2  


E= -0.2V + UV 


0 10 20 30 40 50 60


0


20


40


60


80


100


%


tempo/ min


NO3-


NO2
-


N2


100 %  Nitrate removal 
50 % Nitrogen conversion 


Zanoni, J. Advanced oxidation technologies., 2013 







BROMATE REMOVAL 
PHOTOCATHODE Ti/TiO2 
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-10 0 10 20 30 40 50 60 70 80


0.00


0.05


0.10


0.15


0.20


0.25


 


Tempo/ min


BrO3
-


Br-


BrO3- escuro


Electrodes Ti/TiO2/ E= -0.20V 


100% BrO3
- 


40 % Br- 


 
BrO3- +  6H+ +   e-BC                                    Br- + 3H2O   


Zanoni et al, Environ. Science Technol., 43 (2009) 7496 


-0.20V + UV 
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Anodization Ti 0,25 % NH4F  
+glicerol/ 10% H2O (m /m) 
E= 30V, 50 h , T= 450°C 


Ti/TiO2 / AgNO3 0,01 mol L-1  
E= -0,7 V, t=20 min 
[Ag] = 19 m/m 


Ti/TiO2 Ti/TiO2/Ag 


INATIVATION OF PATHOGENIC MICROORGANISMS 
PATOGENICOS 


M. Brugnera, Electroanl., Electrochimica acta , 2013 


TiO2 – h+VB + H2O →   TiO2 – OH•    +   H+ 
Cell wall+ OH • → destruction → CO2 + H2O + minerais 







TYPES OF MICOBACTERIA 


• M. tuberculosis                                         
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• M. chelonae  
• M. fortuitum  
• M. avium 
• M. Kansasii 
• M. smegmatis 


Ocorrency 
Distribution system water, aquariums, lakes and rivers, fish 
tank, Pools, Water for hemodialysis 
Products and medical devices 


Zanoni, Applied Catalysis. A, General , v. 511, p. 149-155, 2016 
Zanoni et al.; Journal of Photochemistry and Photobiology. A, Chemistry, 278, p. 1-8, 2014. . 


pathogenics 







7x104 UFC mL-1 


4x104 UFC mL-1 


TiO2 – h+
VB + H2O → TiO2 – OH•+ H+ 


Ag – e-
BC → Ag+  (hinder replication DNA, membrane permeability) 


Ti/TiO2-Ag ( 16%) + UV +1,5 V, t= 5 h  


PHOTOELETROCATALISIS / M. smegmatis 


1,6X106 UFC mL-1 


Inativation 
T=3min 


Brugnera et al., Journal of Photochemistry and Photobiology. A, v. 278, p. 1-8, 2014.  







Cell envelope micobacteria 


27 Polysaccharides- - sugars 







PHOTOELETROCATALYSIS  M. SMEGMATIS  
PRODUCTS FROM LISE CELL 
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Dosage of sugar/ 
Colorimetric method  
[M. smegmatis]= 1,6 x105 UFC mL-1 


Ti/TiO2- Ag , E= +1.5V, UV 


λ= 490 nm- hexose, pentoses.. 







PHOTOELETROCATALYSIS  M. SMEGMATIS  
PRODUCTS FROM CELL 


Ti/TiO2- Ag , E= +1.5V, UV 


Removal of TOC =90 % 
 
Extracells substances 


Zanoni et al., water research, Water Research , v. 47, p. 6596-6605, 2013.  


t < 5 min  
 auto – defesa 
t< 3 h  
 membrana desprotegida 


(90 % cell composition= organic compounds) 







PHOTOTOLYSIS, PHOTOCATALYSIS 
PHOTOELETROCATALYSIS 
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F 


PH= 12% TOC 
PC= 60 % TOC 


PEC= 90%  TOC 


Eletrodo =Ag- Ti/ TiO2, E= +1,5V +UV  
 M. smegmatis =1x103 UFC ml-1 
Na2SO4 0,05 mol L-1 (pH 6).  


TOC 







MICOBACTERIA 
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lipíd external 


Micólics Acids 


polysaccharides 


Glicolipídeo (LAM) 


peptidoglycan 


Lipid bilayer 


Cell Envelope 
extremely hidrofobic, high lipid content 







MICOLIC ACID 
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Fatty-alkyl- 〈 -alquil--hydroxilate  
 60 to 90 chain carbon atoms and carboxyl groups 


Micolic acid = R2 CH(OH)CHR1 COOH 







CLAE- DAD 
 MICOLIC ACID 
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CLAE-DAD acido micólico de M. smegmatis 106 UFC ml-1 
 fase móvel: gradiente linear  CH3OH e CH2Cl2 ( 35 a 65% ) in 15 min. 
Derivatização: p-bromophenol + crown éter 


7,10 min 
7,48 min 
 7,94 min; 
8,41 min 
9,57 min 
10,07 min 
10,57 min 
 10,95 min 
11,34 min  
11,62 min 
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MASS SPECTROMETRY  
MICOLIC ACID 


                    


1000 1020 1040 1060 1080 1100 1120 1140 1160 1180 1200 1220 1240 1260 1280 1300 1320 1340 1360 1380 1400
m/z, Da


0.00


5.00e4


1.00e5


1.50e5


2.00e5


2.50e5


3.00e5


3.50e5


4.00e5


4.50e5


5.00e5


5.50e5


6.00e5


6.50e5


7.00e5


7.50e5


8.00e5


8.50e5


9.00e5


9.50e5


1.00e6


1.05e6


1.10e6


1.15e6


1.20e6
1.25e6


 


1136.3


1150.31108.2
1164.2


1122.2


1080.3
1166.2


1138.2


1110.2


1052.2


1124.2 1135.2


1178.1
1038.1 1094.11024.1 1163.31079.3 1121.31149.4 1192.3


1025.0 1112.01066.3 1068.2
1196.41170.11141.0


1114.01011.2 1096.31085.9 1392.61182.21065.11036.0 1176.01156.0
1116.0 1200.0 1225.21005.9 1088.0 1174.11071.4 1378.51016.2 1364.41158.11133.11033.7 1223.21211.9 1243.9 1254.11090.41019.0 1280.21049.2 1189.5 1336.6 1363.61310.41173.5 1377.41276.0 1274.8 1371.21345.61314.5


m/z 
1052 
1080 
1108 
1136 
1164 


ESI-MS micolic acid1x10 5 CFU ml-1 from M. smegmatis  
 FULL SCAN mode 







 


 
PHOTOLYSIS,PHOTOCALYSIS,PHOTOELECTROCATLAYSIS 


Eletrode Ti/TO2-Ag, sulfate 0,1 M, UV E=1.5V 
[Micobacteria]= 1x106 CFU ml-1 


Avium     chelonae    kansassi           tuberculosis 


100 % Inativation = 5 min treatment  


Brugnera et al., Water Research, v. 47, p. 6596-6605, 2013 
Brugnera, Journal of Chemical Technology and Biotechnology, v. 89, p. n/a-n/a, 2013 
Brugnera, Electrochimica Acta, v. 85, p. 33-41, 2012 







Mechanism of degradation of micobateria 
by PEC 
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e- 


e- 


e- 


h+ 


CB 


VB OH• 
h+ 


Ag   Ag+ 


 OH • 
 -cell membrane oxidation 
- Oxidaçtion of lipides, polissacarídeos 
Micolic acid 


    
     
   
     


    


      
           


      
      


    
     


            
              
            


          
  


       
              


           
         


       
           
           


 Ag 
- High adsorption of bactéria 
-high membrana  permeability 
-Ag inhibtiion of  e-/ h + recombination 


hν 







Fungus in Hemodyalysis water- W/WO3 
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Dyalisis water contaminated by  
1,0 x 106 UFC mL−1 C. parapsilosis  
treatment: UV-Vis + E= 1,5 V  


Componente


s


Solução básica (pH 7.5 a 


8.2)


Concentração 


(mEq/L)


Quantidade 


(g\L)


NaCl 20 23.6


NaHCO2 39 65.9


H2O QS 1L


Solução ácida (pH 1.7 a 2.6)


NaCl 80 172.20


KCl 02 5.50


CaCl2.2H2O 2.5 8.00


MgCl2.2H2O 1.0 3.72


H2O QS 1L


PH, PC e PEC 







Dyalysis water ; pH 7; E= 1,5 V; radiação UV/vis (125 W),  
1,0 x106 UFC.mL-1 de C. parapsilosis 


90 % 







 
 


FINAL CONSIDERATION 


Photoelectrocatalysis versatile technique 
- Organic oxidation, reduction inorganic, CO2 conversion, water 


disinfection 
- hydroxyl radical formation: potent oxidant 
-  electron availability : promotion reduction 


Methods more efficient and environmentally friendly and less 
harmful byproducts  
 


-Electrochemistry: Easy obtention of nanostructured material 
-Nanostructured materials: Maximize specfic surface area 
-Change the electronic properties and more efective electrode kinetic  
-Improvement of charge separation in the semiconductor 
-Photoelectrocatalysis is efficient for diluted solution 







Thank you! 


Grupo Eletroquimica e 
Eletroanalitica de Araraquara 


NELSON R. STRADIOTTO 
HIDEKO YAMANAKA 
MARIA DEL PILAR SOTOMAYOR 


BRICS WATER FORUM 
National Research University of School of Economics 







Wastewater and Sludge Treatment Technologies  
to reduce negative impact on the environment in St. Petersburg  


(Abstract) 
 
Olga N. Rublevskaya, Director, Department of Technological Development and 


Environment Protection, SUE “Vodokanal of St. Petersburg”   
Tel.: +7 (812) 438-43-45, E-mail: Rublevskaya_ON@vodokanal.spb.ru 
 
St. Petersburg is the biggest city located on the coast of the Baltic Sea. The population of 


St. Petersburg is over 5 million people; the city area – about 1,500 km2.   


The major objective of the Company’s operation is the provision of affordable water and 


sewerage services ensuring good quality of life for customers, sustainable development of the 


city and creation of water consumption culture and conservation of the Baltic Sea water 


environment. 


The sewerage system of the Company includes 13 wastewater treatment plants (WWTP) 


for municipal sewage and 2 wastewater treatment plants for surface runoff, which treat daily 


about 2.1 million m3. The length of the sewerage network is 8,603 km, the length of the sewer 


network – 270.7 km. Sludge produced at wastewater treatment plants is dewatered and 


incinerated at 3 sludge incineration plants. 


Russia approved the Helsinki Convention 1992 in October 1998 (by the Resolution of the 


Russian Federation Government no.1202 dated 15 October 1998). It assigned new tasks before 


St. Petersburg with regard to the enhancement of municipal wastewater treatment system. 


Measures to ensure high quality of wastewater treatment 


Vodokanal extensively upgrades WWTPs and improves treatment technologies. Today, 


wastewater in St. Petersburg is treated not only in compliance with Russian standards but also 


with due consideration of international recommendations.  


• Chemical removal of phosphorous compounds was implemented at all WWTPs of 


Vodokanal thus ensuring the stable quality of biological treatment in terms of  


phosphorus removal in line with HELCOM recommendations; 


• A full-scale reconstruction of WWTP in Petrodvorets, reconstruction of mechanical and 


biological treatment units at WWTPs in Pushkin, Sestroretsk, Repino and Kronstadt were 


performed along with introduction of cutting-edge technological solutions; 


• Reconstruction of the Northern WWTP is underway; Vodokanal carries out the 


reconstruction of aeration tanks and introduction of enhanced nutrients removal system at 


the Central WWTP. 
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Surface runoff 


Up to 70% of the city area is served by the combined sewerage system; the remaining 


30% is connected to the separate sewerage system. Today, only about 1.5 % of municipal 


sewage is discharged into water bodies without any treatment; as to the surface runoff it is 


discharged into water bodies without any treatment almost in full. 


The problem of surface runoff collection and treatment in St. Petersburg is solved in a 


variety of ways: 


– more precise calculation of surface runoff volumes with due regard to the updated digital 


imaging of the city surfaces; use of the data from precipitation gauges located uniformly 


along the city area and application of the updated Surface Runoff Calculation 


Methodology; 


– assessment of mud load from the surface runoff depending on the season; 


– search for the most optimal technological solutions for surface runoff treatment. 


In accordance with the Water and Wastewater Masterplan of St. Petersburg, these 


problems are to be solved by 2030 and will enable to reduce significantly the negative impact on 


the city water bodies. 


Wastewater Sludge Disposal 


In accordance with the design of the city wastewater treatment plants, the entire volume 


of the produced sludge had been transported to landfills up to 1997, and the amount of the 


landfilled sludge was increasing year by year. 


In 1997, the first sludge incineration plant in Eastern Europe was built and started up at 


the Central WWTP. 


Positive decade-long experience of the SIP operation at the Central WWTP, its reliability 


and efficiency encouraged Vodokanal to decide on construction and putting into operation of two 


more sludge incineration plants at the Northern WWTP and South-West WWTP in 2007. 


The introduction of the sludge incineration technology in St. Petersburg gave the 


opportunity to reduce environmental impact since the amount of wastewater sludge was lowered 


by 10 times.   


In compliance with the targeted investment programme of SUE “Vodokanal of St. 


Petersburg”, two sludge incineration lines at the Central WWTP with the capacity of 80 tDS/day 


each are being currently designed.  


Innovative solutions to be implemented in the course of the project are as follows: 


- Sludge drying before incineration up to the moisture content of 30-35% in order to 


reduce significantly the natural gas consumption; 
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- Enhanced wet gas cleaning system with additional steps to ensure high efficient gas 


purification. 


The project envisages introduction of two innovative technological solutions for 


beneficial use of ash produced during wastewater sludge incineration at three St. Petersburg 


SIPs: preparation of organo-mineral fertilizers and making of ash filler for building mixes 


(plaster, cement, plastics and gypsum mixtures). 


HELCOM determined hazardous substances 


Now, Vodokanal is actively working to conform to the HELCOM recommendations on 


hazardous substances content.  


In 2010, the HELCOM Ministerial Declaration specified the requirements as follows: 


• to study the effect of pharmaceuticals discharge on bio-organisms populations in the 


Baltic Sea. 


• to remove microplastics from wastewater as they do not decompose and become a part of 


the food chain for variety of living organisms. 


The challenge to be met is the selection and implementation of additional wastewater 


treatment stages at all wastewater treatment plants. 


Interaction with industrial enterprises 


Vodokanal of St. Petersburg fundamentally changes the approach to composition control of 


industrial wastewater entering the sewage system. The new approach aims to reduce pollutants 


discharge and will contribute to the Gulf of Finland recovery. 


If an excessive amount of a particular pollutant is detected in a specific point, Vodokanal 


specialists collect wastewater samples from all customers within the catchment area in order to 


identify the pollutant source. When the source is identified, the next task is to help a customer 


(industrial enterprise) to cope with this problem (to provide necessary consulting, to offer 


appropriate options of technological solutions, etc.). 
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Wastewater Treatment and  


Sludge Handling Technologies  


to reduce negative impact  


on the environment in St. Petersburg 







St. Petersburg – the City of Rivers and Canals 
 
  
 
 
 
 
 


St. Petersburg is the second largest city in the Russian 
Federation 
         
 Its population is ca. 5 million people 
 
 City area is 1,439 km2 


 
 City main waterway is the Neva River 
 
 Total length of city rivers is 282 km 
 
St. Petersburg is located on 42 islands 







SUE “Vodokanal of St. Petersburg” 


     SUE “Vodokanal of St. Petersburg” provides drinking water to 5 million inhabitants as well as 
dozens of thousands of companies and organizations of the city.  
Vodokanal is also responsible for the St. Petersburg sanitation – wastewater collection, 
transportation and treatment. 


Vodokanal’s history began in 1858. 
The history of the city centralized water supply goes back to 
10 October 1858, when the Charter of “St. Petersburg Water 
Pipelines Joint-Stock Company” was approved by the Russian 
Emperor Alexander II. 
 
Mission of “Vodokanal of St. Petersburg” is – 
provision of affordable water supply and wastewater disposal 
services, ensuring adequate quality of life for customers, 
city’s sustainable development, water consumption culture 
and preservation of the Baltic Sea water environment.  


Objective: satisfaction of St. Petersburg residents with 
the quality of water and sewerage services at the level of 
the best water companies of Europe taking into account 
the growing water demand. 


Framework of Vodokanal information policy : 
  Transparency of the company operations, 
  Access to reliable information about the company’s work and history, 
  Active interaction with mass media, educational institutions, social and environmental 
organizations. 







            St. Petersburg sewerage system 


Number of wastewater treatment plants –16: 
13 – municipal sewage treatment plants,  


3 – run-off treatment plants 


Sewerage services are provided to: 98.3% of citizens 


Wastewater treatment volume – 2.1 million m3/d 


Length of sewer networks – 8,603.0 km 


Length of tunnel collectors – 270.7 km 
 
Number of sewage pumping stations – 176 
 
Number of sludge incineration  plants - 3 


NWWTP 


CWWTP 


SWWTP 


Kronstadt WWTP 


Sestroretsk WWTP 


Repino WWTP 


Zelenogorsk WWTP 


Molodezhnoe WWTP 


Petrodvorets WWTP 


Metallostroy WWTP 


Pontonny WWTP 


Pushkin WWTP 
Kolpino WWTP There was no sewerage treatment 


in the city before 1978. All 
wastewater was discharged 
untreated into the water bodies. 


 







1974 –  Convention on the Protection of the Marine 
Environment of the Baltic Sea (Helsinki Convention) was 
signed by all countries of the Baltic Sea region. 
 
1992 – updated Helsinki Convention was signed by Baltic 
states and European Community and entered into force 
on 17 January 2000 after its ratification.  
 
1998 – Convention on the Protection of the Marine 
Environment of the Baltic Sea was approved by the 
Russian Federation Government Decree № 1202 dated 
October 15, 1998. 


Main objective of the Convention – protection of the 
natural marine environment of the Baltic Sea from all 
pollution sources, reclamation and preservation of the 
Baltic Sea environmental balance, provision of sustainable 
use of its natural resources. 


Effluent quality 
parameters 1999  2006  2008-2014  


Total nitrogen, mg/l <10.0 <10.0 <10.0 


Total phosphorus, mg/l <1.5 <1.0 <0.5 


HELCOM recommendation 28E/5 “Wastewater Treatment” 


Baltic Sea: “Common Sea – Common Concern” 
 







1978  


NWWTP  
Start-up 


1987  2005  


SWWTP Start-up 


NTC 2 stage 
commissioning 


NTC 1 stage 
commissioning 


CWWTP  
Start-up 


Direct discharges 
switching on 
Pirogovskaya 
embankment, 
Snow-melting 
plants start-up 


Petrodvorets 
WWTP 


commissioning. 
Small WWTPs 


switching 


2008  
2009  


2011  


2012  


before 1978 


2013  


2020  


Northern Tunnel 
Collector 


completion,  
URS-422 


commissioning, 
direct discharges 


switching on 
Robespierre 
embankment 


Complete 
elimination of 


municipal 
wastewater direct 


discharge into 
St.Petersburg 
water bodies. 


Modernization of 
all WWTPs 


 Wastewater Treatment Volume Increase 


98.4% 


100% 


97.1% 


92% 
88% 


85% 


27% 


67% 


0% 


94% 


2016 


Switch over 
along 


Petrogradskaya 
embankment, 


from “Petrovsky” 
stadium 


98.5% 


1 hot spot 
including 3 hot sub-


spots: 
 
• Metallostroy WWTP; 
• Kolpino WWTP;  
• Northern Tunnel 


Collector 


132 spots 


18 spots 


1 hot spot 
including 10 hot 


sub-spot 


6 spots 


4 hot spots  
including 19 hot 


sub-spots 


“Hot Spots” of 
the Baltic Sea  


1 hot spot 
including 2 hot sub-


spots: 
 


• Metallostroy 
WWTP; 


• Kolpino 
WWTP;  







Rehabilitation and construction of  
wastewater treatment plants 


Repino 
2009  


Petrodvorets 
2011  


Sestroretsk 
2004  


Molodezhnoe WWTP 
2019  


Closure of Metallostroy WWTP 
(rechanneling of wastewater to CWWTP)  


2017 
Kolpino WWTP 


2020  


Closure of small 
WWTPs 


2011  


2005  


1987   
1995  


NWWTP 


1978  
1985 


CWWTP 


100% discharge of untreated wastewater to the Gulf of Finland   


SWTP 







Up-to-date technologies applied at WWTPs 


Biological wastewater treatment with enhanced nitrogen 
and phosphorus removal 


Large-scale automation system 


Introducing chemical removal of phosphorus 
compounds  


Ultraviolet disinfection of treated 
wastewater 


Steam turbine and 
electrical power generator 


Generator capacity: 1.1 MW 







Chemical treatment as a complement to the enhanced biological  nutrients removal enables to reach stable 
content of phosphorus in the effluent in compliance with the standard requirements  


Brief description of the method 
Chemical treatment of wastewater is based on the 
chemical reaction with the dosed reagent which 
results in the formation of  insoluble compounds 
of the aluminium (iron) and the phosphates to be 
removed from wastewater together with the 
sludge. 


Chemical removal of 
phosphorus compounds 


has been used  in Finland 
since the 80-ies of the 


20th century 


Introduction of chemical removal  
of phosphorus compounds 


↓Al(PO4)3 


Flow chart of the unit: 
• analyzer of the phosphates 


in the influent; 
• chemical vessel; 
• dosing equipment; 
• control unit; 
• analyzer of the phosphates 


in the effluent 


↓Fe(PO4)3 


or 







Improvement of biological treatment  


Wastewater treatment process diagram with Kreal biological treatment technology 


Wastewater treatment process diagram with UCT and JHB modern biological treatment technologies 
 


 -       56%  
of  wastewater to be treated 


Disadvantages: 
- agitation due to coarse bubble aeration  
- no regulated recycles 
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Compressed air 
Return sludge 


Reagent for 
chemical 


phosphorus 
removal 


Mechanical wastewater 
treatment 


Biological wastewater treatment 


АН
О


КС
 


АН
 


О
КС


 


Compressed air 
Return sludge 


Reagent for 
chemical 


phosphorus 
removal 


                  -44% 
of  wastewater to be treated 


 


Advantages: 
- membrane aerators, mixers 
- internal recycles 
- water quality online control instruments 
 


Mechanical wastewater treatment 


Biological wastewater treatment 


Implemented in following 
WWTPs: 
• Central WWTP – 10 


aeration tank sections 
• Northern WWTP – 4 


aeration tank sections 
• Kolpino 
• Zelenogorsk 
• Pontonny 


 


Implemented in following 
WWTPs: 
JHB 
• Central WWTP – 2 


aeration tank sections 
• Pushkin 
• Petrodvorets 
• Kronstadt 
UCT 
• Northern WWTP– 6 


aeration tank section 
• South-West WWTP 
• Sestroretsk 
• Repino 


 







Reconstruction of Northern WWTP 


Implementation period:  
1st stage  -  2013-2016                               2nd  stage - 2016 – 2018. 


Expected result: 
• Reduction of nutrients load on the Gulf of Finland through the stable compliance with Russian norms and HELCOM 


recommendations related to the quality of wastewater treatment; 
• Provision of wastewater treatment capacities for the development of the northern districts of St. Petersburg and connection 


of the Leningrad Region to the sewerage system by the extension of the Northern WWTP capacity up to 1 million m3/day. 


Biological treatment is equipped with membrane aerators, mixers and 
internal recycle pumps 


Mechanical treatment is equipped with perforated screens and screenings 
washing and pressing 


Stagewise reconstruction of the plant, introduction of the enhanced nutrients (nitrogen and phosphorus) 
removal technology, tertiary treatment and disinfection. 







Construction of wastewater treatment plant 
 in the settlement of Molodezhnoe  


Name Unit of 
measure Traditional process Membrane bio-


reactors 


WWTP building area m2 1,440 1,080 


CAPEX per 1 m3 of 
wastewater per day 000’ RUB. 231.5 171.3 


Operational costs per 1 m3 
of wastewater RUB 5.0 5.5 


Production cost of  1 m3 of 
the treated wastewater RUB. 33.24 33.77 


Effluent pipe to be extended by 1.5 
km 


no need to 
extend  


Gulf of Finland 


Project objective is to ensure the treatment of wastewater from the settlements of Molodezhnoe, Smolyachkovo, Serovo 
(in total 2.5 thousand m3/day) in compliance with the Russian standards and HELCOM recommendations   


Selection of the process scheme of wastewater treatment and sludge 
handling. Comparison of two options. 


Existing WWTP was demolished. 
Wastewater is discharged without 
treatment to Smolyachkov  Creek 
and further to the Gulf of Finland. 


Designed Molodezhnoe WWTP  
with bio-membranes  


Smolyachkov Creek 


Molodezhnoe WWTP 







Decree of St. Petersburg Government no.989 dated 11 December 
2013 approved the St. Petersburg Water and Wastewater Master 
Plan for the period up to 2025 with the outlook to 2030, which 
includes: 
• elimination of municipal and industrial wastewater discharges 


by 2020  
• collection and treatment of surface run-off by 2030   


Surface run-off treatment 


To solve the problem of surface run-off treatment 
today, it is important to select the most optimal and 
economically reasonable treatment technology. Major 
control parameters that define the required treatment 
efficiency are the content of suspended solids and oil 
products. 







           St. Petersburg sewerage system 


St. Petersburg has a composite sewerage system : 
─ 70% of all city territory is served by a combined sewerage system 
─ 30% of the territory is served by a separate sewerage system (surface 


run-off is treated separately from other wastewater) 


combined sewerage 


municipal sewerage 
stormwater 


Stormwater 
discharge and 
stormwater 
tanks (pcs.) 


Discharge 
volume 


(000’ 
m3/year) 


Pollution fee 
(RUB) 


St. 
Petersburg 960 39,886.2 72,330,080 


Suburbs 129 9,081.9 5,819,265 


Total 1,089 48,968.1 78,149,345 


Surface run-off discharge of  
SUE “Vodokanal of St. Petersburg” " 







            Measurement of atmospheric precipitation within the territory 
of St. Petersburg  


Within the territory of St. Petersburg there is a 
significant spatial variability of the atmospheric 
precipitation. 


The current observational network of the 
Hydrometeorological Centre  can not provide actual 
data for each city district.  


To measure precipitation for a separate facility of 
the customer, the company has established the 
automated measurement system with 34 
precipitation control points . 


Establishment of the system to 
measure, process, receive, store and 
transmit the data from precipitation 
gauges 







   Measurement of atmospheric precipitation  
  within the territory of St. Petersburg  


The operating principle of OTT Pluvio2200 
precipitation gauge is based on the weighting  of the 
collected atmospheric precipitation and conversion 
of the data into the unit of level. 
 
The measurement results are presented in the form 
of daily, monthly and yearly sums of the atmospheric 
precipitation on the dates set by Roshydromet for 
meteorological stations. 
 
Data received from OTT Pluvio2200 precipitation 
gauges is transmitted to FSBI "Northwest UGMS" and 
SUE “Vodokanal of St. Petersburg”. 
 
Calculation of the atmospheric precipitation is made 
on the grounds of the data from the precipitation 
control points. 







Digital plan  


Due to the increase of the impervious surface area (roofs, 
asphalt roads), the volume of stormwater entering the 
sewerage system goes up. 
 
For the purpose of commercial measurement of the 
volumes of surface run-off discharged by customers to the 
centralized sewerage system and due to the fact that 
discharge points of the customers are not equipped with 
wastewater metering devices, SUE “Vodokanal of St. 
Petersburg” together with the administrations of the city 
districts  have defined more accurately sewerage 
catchment areas according to the digital plant of the 
territory surfaces and in line with the location of the 
sewerage network. 
 
Updating of the digital plan layers made it possible to 
define more accurately (in line with territory surfaces) the 
volumes of surface run-off, drainage effluent and street 
washwaters entering the municipal sewerage system or 
discharged directly into water bodies. 







Surface run-off treatment 


795,157 


48,968 12,929 


Volume of wastewater discharged, 
 000’ m3/year 


3,391 


2,182 


1,979 


Suspended solids content,  
tons/year 


81 42 


24 


Oil products content, 
tons/year 


To study the effect of surface runoff on the composition of wastewater entering WWTPs, the research work titled "The 
study of seasonal changes in the chemical composition of surface run-off entering the sewerage system of St. Petersburg“ is 
undertaken. 
  
The Contractor is the Federal State Institution of Science of St. Petersburg Scientific Research Center for Ecological Safety of 
the Russian Academy of Sciences.  
  


treated at wastewater treatment plants 


discharged through stormwater discharge points 


discharged through municipal wastewater discharge points  







Surface run-off quality research 


1st category road (main road) –  47, Nepokorennykh pr.(Kalininsky district) 


Example of sampling points 







Surface run-off quality research 


1st category road (Bolshevikov pr., Nepokorennykh pr.) 


STANDARDS   
MAC рх (mg/l) 


Manganese – 0.01 


Copper – 0.001 


Zinc – 0.01  


Allowable concentrations for 
other customers acc. to the 
Resolution no.148 
(mg/l) 


Manganese – 0.1 


Copper – 0.04 


Zinc – 0.1  


Allowable concentrations in 
surface run-off (mg/l) 


Manganese – 0.01 


Copper – 0.006 


Zinc – 0.02  


mg/l 


Manganese 


Copper 


Zinc 


       December   December       February       June            July 







           Surface run-off treatment plants 


Pulkovo-3 surface run-off treatment plant is design to 
ensure mechanical treatment and disinfection of surface run-
off (stormwater and melting water) from non-residential area 
of Pulkovo-3. 
 


 Construction and commissioning - 2005 
 


 Design capacity – 700 m3/day 


Technological process 
Mechanical treatment includes:  
• screens,  
• sand traps,  
• peat filters. 
Tertiary treatment includes:  
• sand filters, 
• coal filters. 
Disinfection:  
• UV disinfection of the effluent prior to the discharge into 


water bodies. 
Discharge of the treated and disinfected surface run-off is 
performed into the River Volkovka. 


Treatment efficiency 
Suspended solids – 96%  


Oil products – 95% 







 Surface run-off treatment plants 


Peat filters 
 Filtration media – peat  
 Area of one filter – 18 m2  
 Number of filters – 6 
 Filter velocity  - 7.4 m/h 
 Filter media height  - 0.32 m  
 Dirt-holding capacity  - not less than 4.4 kg per 1 kg of the 


filter 
 Replacement interval – 1 year  
Wastewater is pumped to the filter from bottom-up. 
Water level in the distribution chamber creates the 
hydrostatical pressure  which is necessary “to suppress” the 
filter media with wastewater. 


Treatment efficiency –  50-70 % 
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            General information about wastewater sludge landfilling  


1. Total area of the Northern landfill –   83.8 ha, 


2. The Northern landfill is in operation - since 1986, 


3. Design capacity – 2.33 million m3 


4. Volume of the disposed sludge – 2.12 million m3 


5. Filled-up – by 91% 


1. Total area of Volkhonka-2 landfill –  34.8 ha, 


2. Volkhonka-2  landfill is in operation - since 1990, 


3. Design capacity – 2.64 million m3 


4. Volume of the disposed sludge – 2.57 million m3 


5. Filled-up – by 97% 


Northern 


Volkhonka-2 







            Challenges of sludge landfill operation and soil fertility 


Soil fertility in St. Petersburg and  
the Leningrad Region  


Challenges of sludge landfill operation 


• Fallout of precipitation is higher than 
evaporation  


• Soil is leached up to the level of ground waters 
• Soil lacks macro- and microelements 
• Low content of organic substances 
• Low soil fertility 


• Sludge landfills are potential pollution sources of the 
atmosphere and underground waters (environmental 
problem) 


• Filling of the landfills (sludge beds and receiving 
hoppers) up to the critical level 


• Inefficient use of a land plot 


• Population complaints about odour  


Total heavy metals in wastewater sludge of  SUE “Vodokanal of St. 
Petersburg” 


– exceedance of GOST Р 17.4.3.07-2001  “Requirements to the properties of 
wastewater sludge  when used as fertilizers”  


Urban soil restoration is needed by means 
of natural soils 


Leaching of nutrients from fertile soil layer to lower levels 


Parameter, 
mg/kg DS 


Sampling date GOST   
Р 17.4.3.07-2001 


standards,  
Not more than,  


mg/kg DS 
22.12.14 25.02.13 11.11.13 11.03.14 25.06.14 


I sludge 
group 


II sludge 
group 


Lead 46 76 69 62 64 250 500 
Cadmium 25 100 56 380 45 15 30 
Nickel 44 87 50 390 39 200 400 
Chrome 53 110 81 84 73 500 1,000 
Zinc 710 1500 930 900 1600 1,750 3,500 
Copper 170 440 380 320 420 750 1,500 
Mercury 0.14 0.31 0.12 0.05 0.14 7.5 15 
Arsenic  - - - - 6.4 10 20 







            


Sludge disinfection and dewatering 
Geotube technology 


- Stabilization 


- Disinfection 


- Deodorizing  


- Binding of heavy 
metals 


- Flocculation 


Safe man-made soils for 
soil enrichment and fixing 


Release of land 
occupied by sludge 


landfills 


Reduction of 
negative impact on 


the environment 


Social effect 


Advantages of man-made soils produced from 
substrate generated after geotubing 


15,000 m3 of soil is needed for the 
construction of one two-level interchange of 


first category. 


Production of organo-mineral fertilizers 


Sludge treatment and disposal in St. Petersburg in future 


Wastewater sludge 
(ash) consists of : 


• Phosphoric anhydride; 


• Potassium phosphates; 


• Magnesium phosphates. 


Average composition of the dewatered sludge  
and cattle manure  


Substanc
e , g/kg Silica Alum


inium 
Potass


ium Calcium Phosp
horus Sulfur Iron 


Sludge 2.6 14.0 3.6 16.0 20.0 8.3 23.0 


Manure 5.0 4.5 2.5 



http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&frm=1&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiI972yp9bJAhWjfnIKHQVFBgIQjRwICTAA&url=http://proiz-teh.ru/proizvodstvo-udobrenij.html&psig=AFQjCNEI-W34Z3EgkbstqhWL1t-jJSN7Ow&ust=1450009214579642





Sludge incineration plants 


Equipment of SIP at CWWTP has been in 
operation for 19 years. The design lifetime of 
main equipment has been exceeded by more 
than 7 years. 


SIP has been in operation without overhauls 
which led to a rapid wear of the equipment 
and reduction of the capacity from 62.5 tons 
DS/day to 50 tons DS/day. 


The forecasted load on SIP at CWWTP 
assumes that the equipment will be in 
operation without overhauls in order to 
prevent the disposal of sludge to the landfills 
and will lead to a more substantial wear of 
the equipment. 


Solution: Reconstruction of SIP and construction of 
two more incineration lines at Central WWTP 


Reduction of the portion of sludge to be incinerated 


Major challenges of SIP at Central WWTP 


SIP at CWWTP –  1997 
г 


SIP at SWWTP– 2007 SIP at NWWTP–  2007  
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            Technological solutions implemented during the reconstruction of 
SIP at CWWTP 


Advantages of the sludge handling process used 
at SIP CWWTP:  


Innovative solutions implemented at SIP CWWTP: 


• Improved wet gas cleaning with 
additional stages that ensure high 
removal of hydrogen sulfide and nitrogen 
oxides . 


• Turbine to produce heat and electric 
energy. 


• Drying of sludge up to the moisture of 30-
35% prior to incineration  which enables 
to reduce the volume of incinerated 
sludge  and enhance its calorific value. 


1. A 100%  supply of own electric energy to the sludge 
handling and incineration unit 


2. A 100% supply of own heat energy for the needs of 
the whole Central WWTP 


3. Reduction of incineration furnaces construction costs   
by 1.5 times 


4. Reduction of gas cleaning construction cost by 1.5 
times 


5. Natural gas saving -  50% 


6. Reduction of heat discharge to the environment by 
80% 







                  Pharmaceuticals discharge into water bodies 


Water bodies 


Direct discharges of untreated 
wastewater 


Wastewater treatment plants 


Diclofenac 


Ethinyl 
estradiol 


Diclofenac 
Calculated discharge to 


St.Petersburg water bodies: 
ca 350 kg/year 


Ethinylestradiol 
Calculated discharge to 


St.Petersburg water bodies : 
ca 650 kg/year 


Sources of pharmaceuticals discharge 







Objective: 
Elimination of emissions, discharges and losses of hazardous substances 
(pharmaceuticals) for ensuring reduction of negative impact on the Baltic Sea 
water area. 


Outcome: 
• Only 10-15% of hazardous pharmaceuticals are eliminated at SUE 


“Vodokanal of St.Petersburg” wastewater treatment plants with 
the existing treatment technologies. 


Diclofenac 


Ethinylestradiol 


Pharmaceuticals produce the greatest negative 
impact on bio-organisms of the Baltic Sea 


        Determination of pharmaceuticals content in wastewater 


In 2010, Ministerial Declaration of HELCOM stipulated necessity for research of pharmaceuticals discharge impact 
on the Baltic Sea bio-organisms populations. 


Ethinylestradiol – synthetic estrogen. 


Stages of implementation: 
 Method for determination of pharmaceuticals content in water was 


developed within the implemented BALTHAZAR project. 
 
 Pharmaceuticals (diclofenac, ethinylestradiol) screening in treated effluent of 


three major wastewater treatment plants of SUE “Vodokanal of 
St.Petersburg” was performed in cooperation with the Scientific-Research 
Center for Environmental Safety of the Russian Academy of Sciences . 


 
 Market monitoring, analysis of consumption and discharge of diclofenac, 


ethinylestradiol and naturally formed sex hormones to the centralized 
sewerage system was performed. 


Diclofenac - anti-inflammatory and 
analgetic drug.  



http://www.gastroscan.ru/handbook/images-dr/diclofenak-struct-01.jpg





          Micro-plastic litter discharge to water bodies 


Water bodies 


Direct discharges of 
untreated wastewater 


Wastewater treatment 
plants City rivers network Sea vessels Coastal zone 


Micro-plastic litter -  polyester and acrylic particles 
with the size of 5 microns or less 


Sources of micro-plastic litter 







• All samples were investigated with 
stereomicroscope 


• Micro-plastic litter particles were 
identified and calculated 


• Micro-plastic litter was sorted to: 
   - particles and fibers 
   - according to colors:  
     black, blue and red 


           Determination of micro-plastic litter content in wastewater 


Research on micro-plastic litter content in wastewater after mechanical 
treatment and treated effluent of the Northern Wastewater Treatment Plant 
was performed. 
 
Research was performed by SUE “Vodokanal of St.Petersburg” specialists in 
cooperation with representatives of HELCOM and Helsinki Region 
Environmental Services Authority (HSY) .  







Litter type Wastewater 
for treatment 


After mechanical 
treatment After treatment Treatment % 


Textile fibers 467 33 16 96.57  


Synthetic particles 160 21 7 95.63  


Black particles 3160 302 125 96.04  


Micro litter per one liter of wastewater 


           Preliminary research results 


― The most significant amount of micro-litter was identified at the first stage of wastewater treatment; 
micro-litter amount reduced at the subsequent stages. 


 
― Content of fibers and particles in the treated effluent is significantly higher as compared to sea water 


→ wastewater treatment plants are possible point sources of micro-plastic litter. 
 
― It is necessary to continue research for detection of micro-plastic litter content in wastewater  and 


determination of effective technologies for its elimination. 







Objective- compliance with regulatory requirements related to the quality of wastewater discharged 
to municipal sewerage system 


Expected outcome 
Treatment of wastewater from specific pollutants, reduction of negative impact on the environment 


and sewerage system of St.Petersburg 


Interaction with industrial companies 


During January 2014 - August 2016, SUE “Vodokanal of St.Petersburg” : 


Since 2014, local wastewater treatment plants of 30 
customers were constructed or rehabilitated with SUE 
“Vodokanal of St.Petersburg” cooperation. 


• 267 inspections of customers’ water-related  activities were performed; 


• 138 water-protection plans of the customers were approved; 
• 226 declarations on composition and properties of wastewater  were received 


from customers for the wastewater quality control purposes; 


• Meetings on compliance with established regulatory requirements for the 
quality of wastewater, development of plans for water protection measures and 
declarations on the composition and properties of wastewater were held with 
representatives of 791 St.Petersburg enterprises. 



http://images.yandex.ru/yandsearch?p=2&text=%D0%BA%D0%B0%D1%80%D1%82%D0%B8%D0%BD%D0%BA%D0%B0 %D0%9B%D0%BE%D0%BA%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5 %D0%BE%D1%87%D0%B8%D1%81%D1%82%D0%BD%D1%8B%D0%B5 %D1%81%D0%BE%D0%BE%D1%80%D1%83%D0%B6%D0%B5%D0%BD%D0%B8%D1%8F&noreask=1&img_url=susanin.udm.ru/upload/iblock/6dc/6dc58df3a3dc6e3b76a3f3b09ca172ff.jpg&pos=66&rpt=simage&lr=2&nojs=1





SUE “Vodokanal of St.Petersburg” assists industrial enterprises with evaluation and verification of performance of 
wastewater and sludge treatment processes implemented at new WWTPs. 


On 10 November 2015, local wastewater treatment 
plant was commissioned at the “Murinskaya” site of 
the largest food products manufacturer OOO 
“Fazer”. 


Cooperation with industrial companies 
 regarding the search for the best available technologies 


Outcome – provision of required quality of wastewater treatment from specific pollutants – all controlled 
parameters do not exceed permissible values. 


Examples of successful cooperation 


On 20 August 2015, local wastewater 
treatment plant was commissioned at the 
oldest enterprise of St.Petersburg - OAO 
“Zavod Magneton”. 


Treatment stages:  
• sedimentation 
• aluminosilicate bed 


filtration 


Treatment stages:  
• Grease removal 
• Pressurized flotator 
• Zeolite bed filtration 







 
 Nitrogen and phosphorus removal 


 
 


Enhanced nutrients removal technologies are implemented at all wastewater treatment plants of 
St.Petersburg. 
 
Since 2011, St.Petersburg fully complies with HELCOM recommendations:  
Phosphorus content in the total wastewater discharge does not exceed 0.5 mg/l, nitrogen – 10 mg/l. 
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Thank you for attention! 
 
 


Olga N. Rublevskaya 
Director 


Department for Technological Development and  
Environmental Protection      


SUE “Vodokanal of St.Petersburg”  
 


Rublevskaya_ON@vodokanal.spb.ru 
+7(812) 438-43-45 
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Abstract:  


Phenolic compounds are very poisonous organic substances that enter in the aquatic environment through 


direct discharge from industrial sources such as coke ovens in steel plants, oil refineries, phenolic resin 


manufacturing units etc. As per the WHO, 0.002 mg/L is the permissible limit for phenol concentration in 


potable water. Hence, the removal of phenol from wastewater is of outmost importance. In view of this, in 


the present study focus has been made towards the study of photo-catalytic degradation of phenol in water 


in UV-VIS radiation using TiO2 nanotubes and also in visible radiation using Cu2O doped modified TiO2 


nanotubes. Different characterization such as XRD and FESEM of the synthesized material were 


performed to examine the nanostructure of the material. The influences of main operating parameters 


such as catalyst amount, concentration of phenol and initial pH of solution on phenol degradation rate 


were investigated. It was observed that the presence of Cu2O in the TiO2 nanotubes cause a significant 


absorption shift towards the visible region leading to cost effective degradation of phenol.  


Keywords: Wastewater, Phenol compounds, Photo-degradation, TiO2 nanotubes   


Introduction 


Phenol and its derivatives are typically emitted from coke-oven industries and steel plants. These 


compounds are also found in wastewater of industries like coal tar carbonizations, phenol formaldehyde 


resins and mine discharge. Phenol and its compounds are very much environmental concern because of 


their toxicity and potential carcinogenicity ( Michalowicz and Duda 2007; Aghav et al. 2011). Keeping in 


view of the toxicity effect of phenolic compounds in aqueous phase, the researchers has attempted several 


methods so far for removal of phenol, e.g., biological oxidation, thermal liquid phase oxidation, 


photochemical conversion, catalytic oxidation, physical adsorption and solvent extraction system (Mitra 


and Pal 1994; Guo et. al. 2006).    Among all of the methods, advanced oxidation process (AOP) 


considered to be one of the sustainable technologies for removal of phenol from aqueous solutions 


containing moderate or low concentrations for economical consideration (Gorgate and Pandit 2004). AOP 


offers several advantages such as faster rate of degradation of organic contaminants facilitated by the 
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generation of •OH radicals as well as lesser or nil by-product disposal from the system (Dalrymple et.al. 


2007).  


In the present study, the degradarion of synthetic prepared phenol in aqueous phase was examined in the 


laboratory by using two photocatalysts such as TiO2 nanotubes in UV radiation and Cu2O doped 


modified TiO2 nanotubes in visible radiation.The impact of several interacting factors such as catalyst 


amount, concentration of phenol and initial pH of solution on phenol degradation rate were also 


inspected. 


Experimental 


Synthesis of heterogeneous catalist 
TiO2 nano rod catalysts (TNR) were prepared by hydrothermal process at different temperature ranging 


120-1800C for 20 hours using commercially available TiO2 nano particle (MERCK, India). Then the 


catalyst crystals were filtered and dried at 800C for 12hrs and then these dried catalysts were subjected to 


calcination at temperatures ranging 350-5500C for 6hr. The  heterogeneous catalysts were prepared by 


doping copper sulfate penta-hydrate in modified TiO2 by dextrose hydrothermal method. Finally product 


were collected and washed with distilled water and ethanol several times. In the end, catalysts were dried 


in hot air oven at 600C for 12 hour to get Cu2O/TNR. 


  
Fig.1:  FESEM images of photo-catalysts 
 


Photo-catalytic degradation of Phenol 
Different concentration of phenol solutions were prepared by diluting stock phenol solutions (10000 


mg/L) with distilled water in appropriate proportion ranging from 1 to 5 mg/L. The initial solution pH 


was adjusted using 1 (N) HCl and 1 (N) NaOH solutions. 


 


Table 1: Properties of heterogeneous  
 photo-catalyst (Cu2O/TNR) 


Surface area (cm2/gm) 150 


Average Size (nm) 30 


Wave length (nm) 550 


 


TiO2 Powder TNR @ 1800C Cu2O /TNR 







Fig. 2: Photocatalytic reactor 
The degradation process was investigated by using a photo-catalytic reactor fitted with a stirrer, 2 UV 


lights (254nm, 351nm) and a visible light source LED light(550nm) at 0.2 gm catalyst for 6 hours at 


normal temperature (30 0C). Samples were collected at every 2 hours interval. The filtrates were analyzed 


for residual phenol concentration using a UV-Visible spectrophotometer at a wavelength of 510 nm. 


Results and Discussion 


The experiments were conducted with a magnetic stirrer at UV lights (254nm, 351nm) and a visible light 


(550nm) at variable catalyst loading (0.1- 0.3 gm) in 100 ml solution of different concentration (1-5 ppm) 


of phenol and different  initial pH of solution for 6 hours. From Fig. 3, it is found that 0.2 gm of catalyst 


is optimal for the better degradation of phenol. It also depicts that higher concentration of phenol in 


solution takes more time to achieve complete degration of phenol as shown in Fig. 4. The variations of 


initial pH in Fig. 5, also suggest the optimal values of pH (6-8) for better performance. 


   


 
 
 
Conclutions 


Photo-catalyst is one the best solution for degradation of organic components in terms of energy 


expenditure and minimize the disposal problem. The modification of catalyst by doping improves the 


light capturing capacity under visible range to make the process more economical. 
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Fig. 3: Photodegradation 
of phenol at different 
catalist loading. 
 


Fig.4: Photodegradation of 
phenol at different initial 
pH. 
 


Fig.5: Influence of initial 
concentration of phenol. 
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INTRODUCTION 


 Phenol and its compounds are very much environmental concern because of 
their toxicity and potential carcinogenicity. 


 Phenolic compounds enter in the aquatic environment through direct 
discharge from industrial sources such as coke ovens in steel plants, oil 
refineries, phenolic resin manufacturing units etc.  


 As per the WHO, 0.002 mg/L is the permissible limit for phenol concentration 
in potable water. 


 Many literatures have reported that a lot of toxic or hazardous industrial 
chemicals could be destroyed by photo-catlytic degradation. 
 


 Photo-catalyst is one the best solution for degradation of organic 
components in terms of energy expenditure and to minimize the disposal 
problem 


 







OBJECTIVE OF THE STUDY 


The main objective is to study the photo-catalytic degradation 
of phenol using Cu2O doped TiO2 nanotubes . 


 


The specific objectives include: 


  Development of TiO2 based nano-structured photo-catalyst 


  Utilization of visible light spectrum for compound degradation at normal 


temperature and pressure 


 Process parameters optimization 
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Cu2O/TiO2 hetero-structured photo-catalyst (coupling via direct Z-scheme) 
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H+ and O2 


reduction 


oxidation 


 TiO2 photo-active wavelength < 380 


nm (u.v light) 


Cu2O photo-active wavelength < 550 


nm (visible + u.v) 
Band gap (eV)= (h*c/(wave length x1.6*10-19)) 







•TiO2 based Photo-catalyst:  
 
TNT Preparation at basic medium at120-1800C for 20hr in 
hydrothermal vessel followed by dried at 800C for 12hrs and 
then subjected to calcination at temperatures ranging  350-
5500C for 6hr 
 


• Cu2O Dopant Loading: 
 
 CuSO4 solution added into basic TNT dispersion followed 
by hydrothermal at 1500C for 12hr, then washed with 
distilled water and then ethanol and dried at 600C for 12hr  







Experiment pathway… 
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Hydrothermal 
synthesis of TiO2 
powder at temp 1800 C 
 


Nano-rods 


TiO2 powder  


Cu2O loading 
using CuSO4.5H2O 
cooked for 12 hr @ 
1500 C 


After doping of Cu2O 
 


FESEM….pictorial view 
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Cu2O 







X-rays diffraction (XRD): 


 The samples exhibit diffraction peaks at 2θ 


value of 28.60, 33.80 and 38.60 corresponding 


to d310, d312, and d004 respectively, indicating 


the presence of TiO2 phase [Tseng et al. 


(2004)]. The diffraction peaks at 480 shows 


that photo-catalyst is having anatase phase of 


TiO2. Diffraction peaks in plot Cu2O/TNR 


shows the presence of Cu2O with peak at the 


angles of 36.40, 42.30. The peak at 27.40 


degree can be assign to the TiO2 rutile phase. 


 


 So by the above analysis we can say that 


anatase, rutile phase of TiO2 present in all the 


catalysts. 


2θ degree 


Intensity/a.u. 







Properties of heterogeneous photo-catalyst (Cu2O/TNR) 


Surface area (cm2/gm) 150 


Average Size (nm) 30 


Wave length (nm) 550 







Schematic diagram of  the laboratory-scale photo-
catalytic  reactor for batch studies 







Batch studies 
 
Batch experiments on photo-catalytic degradation of phenols with Cu2O 


doped TiO2 nanotubes in suspension in 100mL reactor volume was 


conducted to study the effect of catalyst loading, initial phenol concentration 


and initial solution pH . 
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The effect of catalyst loading on Photo-degradation of 
phenol at 5 ppm concentration and 7 pH 


 2 g/L was found to be optimum  
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The effect of pH on Photo-degradation of phenol at 5 ppm 
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 pH of 6.0-8.0 to be the  optimum label 
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 Higher concentration of feed takes more time  for the degradation 







CONCLUSIONS 


  Synthesized hetero-structured photo-catalyst can work under visible 


solar irradiation for degradation of phenol  which make the  process more 


energy efficient 


 Catalyst loading  2 g/L was found to be optimum for 5 ppm initial phenol 


concentration. 


 pH of 6.0-8.0 to be the  optimum label for photo-catalytic degradation of  


phenol by Cu2O@TiO2 nano-tubes. 


  Higher concentration of feed takes more time  for the degradation 


 Photo-catalyst is one the best solution for degradation of organic 


components in terms of energy expenditure and minimize the disposal 


problem 
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UV DISINFECTION OF NATURAL AND WASTE WATER: MODERN STUDIES AND 
PRACTICE 


Sergey Kostyuchenko1 
1  LIT, Moscow, Russia 
lit@lit.ru 


In the past decades, ultraviolet (UV) disinfection has become a highly desired technology 
for drinking and wastewater treatment in the municipal and industrial sectors.  A survey 
conducted for Best Available Techniques Reference Document (BREF) shows that today 
the renovation of wastewater treatment plants tends to shift away from chlorination to UV 
disinfection. 


It is encouraging that Russia does not only apply the known technologies but conducts its own 


researches. The researches performed by Scientific Center of Federal Service For Consumer 


Rights Protection and Human Welfare, Moscow Medical Academy, Institute of Medical 


Parasitology and Tropical Medicine, Research Institute of Human Ecology and Environmental 


Hygiene, Research Institute VODGEO, Moscow Institute of Physics and Technology, Federal 


Service For Consumer Rights Protection and Human Welfare provide the national regulatory 


basis for various industries and municipal sector. 


The leading Russian Waterworks (Moscow, St. Petersburg, Ufa, Samara), Research and Design 


Institutes, State Expertise Agency together with Russian manufacturer of UV systems, company 


LIT gained the wide experience in the field of UV applications for water disinfection. 


UV disinfection of drinking water 


Under present-day conditions, the most promising goal in water treatment is to implement 


technology of multi-stage disinfection (chlorination or chorine-ammonia treatment, UV 


disinfection) in conjunction with measures aimed at reducing chlorine, organic compounds and 


THM   concentration and improving operational safety of waterworks. The maximum effect can 


be achieved when these measures are taken jointly. Chlorine reduction, rejection of primary 


chlorination, use of fixed chlorine in a form of chloramines instead of free chlorine minimize 


formation of THMs and stabilize chlorine residual to the upmost in distribution networks.  UV 


disinfection at the different stages of water treatment compensates for insufficient effectiveness 


of chloramines disinfection. Thus additional treatment by means of UV disinfection is a measure 


of top priority that provides an effective and comprehensive disinfection including against virus 


and parasitical pathogens and favors further upgrade of water treatment process. 







The EU largest project – UV systems for surface water disinfection – has been implemented in 


Budapest, Hungary. The systems with total capacity of 600,000 m 3/day are intended for UV 


disinfection of infiltration water that is supplied to Budapest distribution network. The UV 


systems raise the barrier of the water treatment plant against chlorine resistant microorganisms. 


St. Petersburg implemented a new program for treatment of drinking water: a combination of UV 


disinfection and chloramination with use of ammonia sulfate. This approach reduced the rate of 


Hepatitis A  from 124 cases per 100 thousand people in 2004 down to 3,3 cases in 2011. 


UV disinfection of wastewater 


UV disinfection instead of chlorination for waste water keeps the balance between 


epidemiological and ecological safety of waste water discharged into water sources. UV 


disinfection does not affect physical and chemical parameters of treated water, it does not 


generate by-products and residuals and causes no ecological disturbances to the natural water 


sources. Also UV disinfection is effective against a wide spectrum of microorganism including 


chlorine-resistant ones (viruses and protozoan cysts). Another significant factor for wide 


application of UV disinfection of waste water is the capability to remove chlorine storages, a 


potential hazard to people and environment. UV disinfection of waste water is an effective and 


ecologically safe method that meets all modern requirements. Economic analysis of disinfection 


methods shows that UV disinfection is comparable with chlorination and several times cheaper 


than chlorination combined with dechlorination and ozonization. 


Open UV systems for wastewater disinfection produced by LIT with capacities from 3,000 to 


1,000,000 m3/day were put into operation in Russia, Bulgaria, Hungary, Iran, China, South 


Korea, Poland, Romania, Turkey, France, South Africa and other countries. 


In autumn 2012, the Kuryanovskiye WWTP completed the installation of world’s largest UV 


disinfection plant with an capacity of 3,125,000 m3/day (180,000 m3/hr). The open channel UV 


system consists of vertical UV modules equipped with high-output amalgam lamps. The UV 


equipment is installed at two floors. This new compact design makes it possible to integrate the 


UV plant into the limited space of the existing WWTP discharge channel. 


CONCLUSION 


UV disinfection is a required treatment stage for drinking water from surface and underground 


water sources since it is highly efficient against viruses and protozoan cysts. There are several 


options for UV system location in the treatment train depending on water quality and desing of a 


WTP. UV irradiation can be applied in a conventional two-stage treatment process for natural 


water and also in combination with additional treatment stages. The modern innovative approach 







that provides the epidemiological safety of drinking water implies a multi-stage treatment and 


disinfection. 


UV equipment for wastewater disinfection enables the operating WWTPs to remove chlorine 


storages and avoid the adverse effect of chlorine and its by-products to people and environment.  
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PRINCIPLE OF GERMICIDAL UV IRRADIATION 


UV TECHNOLOGY 
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 UV disinfection is effective against chemical resistant viruses and protozoa  


 Multi-barrier principle: combination of UV irradiation and chlorination 
enhances disinfection reliability  


 UV disinfection usage reduces concentration of chlorine and chlorine 
compounds in the drinking water 


 UV disinfection is applied in Budapest, Helsinki, Stockholm, Rotterdam, 
Amsterdam, Boston, San Francisco and others 


UV DISINFECTION OF DRINKING WATER VITAL TRENDS 


DRINKING WATER 







UV DISINFECTION & CHLORINATION 


DRINKING WATER 







EU’S LARGEST UV DRINKING WATER DISINFECTION SYSTEM IN BUDAPEST, 
HUNGARY (INFRABED WATER OF THE DANUBE RIVER) 


UV disinfection stage was introduced in 
2008–2010 based on favorable results of 
long term pilot tests 
 
Total capacity of the UV plant consisting 
of 5 UV unit amounts to 600,000 m3/day 
 
The main objectives are to increase 
disinfection efficiency first of all against 
chlorine resistant microorganisms and to 
reduce concentration of chlorine and 
chlorine compounds in the drinking 
water. 


DRINKING WATER 







UV disinfection effect:  


► According to the Ministry of Health Report Hepatitis A rate reduced by 15 times after 
introduction of UV disinfection 


► Annual benefits from reduced Hepatitis amount to 730,000 EUR 
 


SURFACE WATER UV DISINFECTION PLANT IN NIZHNY NOVGOROD, RUSSIA 


Malinovaya Gryada, 200,000 m3/day Sludinskaya WTP, 120,000 m3/day 


DRINKING WATER 







 
 
 
 
 
 
 
 


North WTP 1,584,000 m3/day 


 
 
 
 
 
 
 
 


Moskovskaya Pump Station 1,044,000 m3/day 


WORLD’S LARGEST UV DISINFECTION SYSTEM 
IN ST. PETERSBURG (WATER SOURCE: THE NEVA RIVER) 


North WTP 1,584,000 m3/day 


Moskovskaya Pump Station 1,044,000 m3/day 


Main WTP 864,000 m3/day 


Murinskaya Pump Station 432,000 m3/day 


Volkovskaya WTP 390,000 m3/day 


Kolpinskaya WTP 250,000 m3/day 


Frunzenskaya Pump Station 168,000 m3/day 


South WTP 273,600 m3/day 


Kronschtadt WTP 43,200 m3/day 


 In 2004 Hepatitis A rate  reduced from 


124 to 3.3 per 100,000 persons (according 


to Ministry of Health Report) 


DRINKING WATER 







Сертификация УФ оборудования типа HO 


UV equipment’s ranges was certified in 


accordance to international standards 


TÜV, ÖNORM, DVGW, US EPA. 


Bioassay validation 


DRINKING WATER 







Other methods UV disinfection 


• UV technology is the main method of wastewater disinfection, a modern and 
environmentally friendly alternative to chlorination. 


• 70% operating WWTPs and 90% projected WWTPs use UV disinfection in USA . 


Operating WWTP   Projected WWTP 


UV DISINFECTION OF WASTEWATER 


WASTE WATER 







Present-day sanitary and environmental requirements turned ultraviolet 
into the most economic technology for disinfection of treated effluents. 


Advantages: 
 
 Environmentally friendly 
 Cost-efficient 
 Safe 


UV TECHNOLOGY FOR WASTEWATER DISINFECTION 


WASTE WATER 







EVALUATION OF O&M COSTS  
FOR TWO WASTEWATER DISINFECTION METHODS 


BY ROSTOVSKY VODOKANALPROYEKT INSTITUTE, RUSSIA 


Design flow: 100 000 m3/day 


Maximal flow: 150 000  m3/day 


Cost items Sodium hypochlorite with 
dechlorination UV disinfection 


Power consumption 10 470 € 39 025 € 


Consumables 176 400 € 19 540 € 


Operational 186 870 € 58 275 € 


Annual savings 128 305 € 


WASTE WATER 







 
 
 
 
 
 
 
 
 


WWTP, De-Friz , 
Vladivostok, Russia - 18,000 m3/day 


 
 
 
 
 
 
 
 
 
 


WWTP, Port Fairy, 
Australia – 6,100 m3/day 


 
 
 
 
 
 
 
 
 


WWTP, Orange, 
France - 36,000 m3/day 


 
 
 
 
 
 
 
 
 


WWTP, Sesimbra, 
Portugal – 6,400 m3/day 


WASTE WATER 


CLOSED UV SYSTEMS FOR WASTEWATER APPLICATIONS 







 
 
 
 
 
 
 
 


WWTP, Fisantekraal 
South Africa - 72,000 m3/day 


 
 
 
 
 
 
 
 
 


WWTP, Gumi  
South Korea - 330,000 m3/day 


 
 
 
 
 
 
 
 
 


South-West WWTP, St. Petersburg 
Russia - 330,000 m3/day 


 
 
 
 
 
 
 
 
 


WWTP, Suzhou 
China - 260,000 m3/day 


 
 
 
 
 
 
 
 
 


WWTP, Pecs  
Hungary - 86,400 m3/day 


OPEN CHANNEL UV SYSTEMS FOR WASTEWATER APPLICATIONS 


 
 
 
 
 
 
 
 
 


WWTP, Beijing 
China - 60,000 m3/day 


WASTE WATER 







Parameter         Unit Value 


Average daily flow rate m3/day 3,125,000 


Maximum hourly flow rate m3/hr 180,000 


Total power consumption kW 3,800 


Number of channels  pcs 17 


Total number of lamps pcs 6,120 


WASTE WATER 


WORLD’S LARGEST UV SYSTEM AT THE KURYANOVO WWTP 
3,125,000 m3/day  







Subsidiaries and 
Representative Offices 


Scientific & Production Centre, 
Erfurt, Germany 


Scientific & Production Centre, 
Moscow, Russia 


COMPANY BRIEF 


Erfurt, Germany 


Eindhoven, the Netherlands  
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Sofia, Bulgaria 


Moscow, Russia 
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We have around 170 active customers in 42 countries  


Established in 1991  







LIT UV FACILITIES 


RESEARCH AND DEVELOPMENT 


MECHANICAL PRODUCTION ELECTRICAL PRODUCTION 


UV LIGHT SOURCES PRODUCTION 


► Certified to ISO 9001:2011 
► 3 professors, 9 PhDs in various fields of UV related expertise 
► Over 50 patents 







email: info@lit-uv.com 
www.lit-uv.com 
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Role of Modern Molecular Biological Techniques in Development of 
Innovative Wastewater Treatment Technologies 


N.V.Pimenov1, A.Yu. Kallistova1, Yu.A. Nikolaev1,2, A.V. Mardanov3, M.V. Kevbrina2, N.V. 
Ravib3, and M.N. Kozlov2 


1 Winogradsky Institute of Microbiology, Research Center of Biotechnology, Russian Academy 
of Sciences, Moscow, Russia 


2 JSC Mosvodokanal, Moscow, Russia 
3 Institute of Bioengineering, Research Center of Biotechnology, Russian Academy of Sciences, 


Moscow, Russia 
 


Development of large megalopolises is presently impossible without high-quality 


wastewater treatment systems. Biological techniques based on intensified processes  of organic 


matter decomposition, which are carried out in nature by aerobic or anaerobic microorganisms 


(or by their combination), are the most economically attractive. 


The aerobic microbial community of wastewater treatment systems is represented mainly 


by various heterotrophs, primarily bacteria, which oxidize diverse organic compounds. 


Ammonium-oxidizing, nitrite-oxidizing, and phosphate-accumulating bacteria are also 


functionally important groups of aerobic microorganisms. Anaerobic degradation of organic 


matter is a multistage process requiring participation of at least four trophically associated 


microbial groups: hydrolytics, fermenting bacteria, acetogens (syntrophs), and methanogens. 


When nitrogen-containing compounds and/or sulfates are present in wastewater, the contribution 


on denitrifying bacteria, anammox bacteria, and sulfate reducers increases. The quantitative and 


qualitative composition of microbial communities depends on the composition of degraded 


organic matter and on the physicochemical conditions in the system.  


Quantitative and qualitative characterization of microbial communities degrading organic 


contaminants must be known in order to achieve efficient operation of wastewater treatment 


facilities and to develop more efficient technologies for wastewater treatment. Variations of 


microbial abundance and diversity in the activated sludge in response to varying parameters of 


reactor operation should be known, as well as the conditions for predomination or elimination of 


specific microbial groups involved in important aerobic or anaerobic processes. Recently, some 


aspects of monitoring the state of microbial communities of wastewater treatment plants became 


more easily attainable due to active application of the new molecular biological techniques.  


Three major approaches are used for analysis of complex microbial communities, including  the 


communities of activated sludge. 
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1. The physiological approach, which is based on cultivation on selective media, isolation of 


enrichment and pure cultures of microorganisms of various physiological groups and on their 


subsequent identification by analysis of the 16S rRNA gene sequences.  


2. The molecular genetic approach, which is based on analysis of microbial DNA and RNA. 


3. Investigation of whole microbial cells in native samples by fluorescence microscopy in 


combination with molecular probes. 


Application of cultivation techniques is limited by selection of cultivation conditions and 


media composition and makes it possible to isolate and characterize a narrow spectrum of 


microorganisms for which these conditions are optimal, providing no information on the real 


microbial diversity in communities in situ. 


Present-day molecular ecological techniques are suitable for rapid in situ identification 


and enumeration of different groups of microorganisms. The main subjects for analysis of 


microbial communities based on polymerase chain reaction (PCR) are phylogenetic genes 


encoding 16S rRNA and the functional genes encoding the key metabolic enzymes, rather than 


whole microbial cells. 


A number of factors makes it difficult to obtain quantitative information by PCR analysis. 


All quantitative PCR techniques provide date on the target gene copy, rather than on the number 


of specific microbial cells. This is the main limitation of this approach. Since the number of gene 


copies per cell may vary, application of scaling factors is bound to result in considerable errors. 


Differences in the lysis efficiency of different microorganisms in the course of isolating total 


DNA or RNA preparations is another issue of quantitative PCR. 


 Fluorescence in situ hybridization (FISH) is a molecular biological technique suitable for 


both identification and enumeration of target microbial populations in all kind of communities. It 


is based on visual detection of individual microbial cells after hybridization of the target 16S 


rRNA molecule with a 16S rRNA-specific fluorochrome-labeled oligonucleotide probe. This 


method provides for visualization of target objects, assessment of their morphological 


characteristics, and investigation of their localization in the native substrates. Availability of the 


database of all presently known microbial 16S rRNA gene sequences makes it possible to use 


previously developed probes, as well as to design the probes of a given level of specificity, from 


species- to domain-specific. 


Fluorescent in situ hybridization was used to detect and enumerate a number of 


microorganisms in the activated sludge of aeration tanks of Kuryanovo wastewater treatment 


facility: heterotrophs, nitrifyers, and tentatively phosphate-accumulating bacteria, as well as 


anaerobic methanogenic archaea of the genus Methanosarcina and other members of the orders 


Methanomicrobiales and Methanosarcinales. 
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Development of high-throughput pyrosequencing and transcriptome analysis improved 


our understanding of diversity and functional activity of various microbial groups in complex 


communities. Thus, we monitored microbial community composition at the startup stage of a 


laboratory single-reactor flow setup for ammonium removal by nitritation/anammox from the 


filtrate of fermented methane tank precipitate from Kuryanovo wastewater treatment facility. 


Diversity of the microbial community decreased in the course of adaptation of activated sludge 


to increasing nitrogen load, while it became more specialized. In the course of operation, the 


contribution of anammox bacteria of the family Brocadiaceae, closely related to Candidatus 


“Brocadia caroliniensis,” increased. Members of the order Nitrosomonadales participated in 


ammonium oxidation to nitrite. While nitrite-oxidizing bacteria of the genus Nitrospira were 


detected, their share decreased in the course of activated sludge accumulation. The contribution 


of other bacteria changed as well: abundance of bacteria of the phyla Ignavibacteria, 


Chloroflexi, and Acidobacteria increased to 13, 12, and 10% of the total number of reads, while 


abundance of the Proteobacteria, Bacteroidetes, Actinobacteria, Firmicutes, Synergistetes, 


Aminicenantes, Thermotogae, and Cloacimonetes decreased. Thus, pyrosequencing was 


successfully used to monitor the succession of a bacterial community involved in nitrogen 


removal via the nitritation/anammox process.  


The work was supported by the Russian Ministry of Education and Science, project no. 


14.607.21.0018 (project identification no. RFMEFI60714X0018). 
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Abstract  


Micro block-cationic polyacrylamide (P (AM-MAPTAC)) was synthesized through 


UV-initiated template copolymerization and characterized by FTIR, 1H NMR, 13C 


NMR, SEM and TG/DSC analyses. Furthermore, the main influence factors of 


preparation process were optimized through Box-Behnken experiment design and 


response surface analysis (RSA). The maximum intrinsic viscosity and conversion of 


micro block- CPAM were 10.9 dL g-1 and 88.70% respectively under the optimum 


synthesis conditions. The dewatering performance of micro block-CPAM was 


evaluated taking activated sludge collected from paper mill as the processing object. 


Results showed that the synthesized micro block-CPAM exhibited excellent 


dewatering performance than random distributed CPAM and commercial CPAM. At 


30 mg L-1 dosage of  micro block- CPAM, the RT, FCMC and SRF reached 


3.80NTU, 68.9% and 3.58 (1012mKg-1) respectively. 


Background, Aims and Scope  


With development of industry, urbanization and increasingly stringent environmental 


protection requirements, both the sewage discharge and its treatment depth increased. 


Consequently large amounts of excess sludge were generated in the process of 


wastewater treatment which was increasingly taken seriously. Therefore, the research 


and development of high efficiency sludge dewatering agent becomes an urgent 


problem. Cationic acrylamide (CPAM) is the most commonly used sludge dewatering 


agent. This polymer usually features high positive charge density, water solubility, and 
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high intrinsic viscosity. Nevertheless, this polymer synthesized by traditional methods 


such as thermally induced solution polymerization usually features smooth and 


regular surface area and random distribution of AM and cationic monomers in 


polymer chain. Generally, Polymer with irregular, uneven, and porous surface area 


would have a larger specific surface area thus enhance probability of contact with 


colloidal particles; polymer with regular micro block structure can make full use of 


cationic units in polymer chain thus enhance its charge neutralization effect. Therefore, 


using suitable synthesis method to prepare acrylamide polymers with large specific 


surface area and regular micro block structure will greatly improve the flocculation 


and dewatering performance. Herein, we report the preparation of CPAM with 


irregular, uneven, and porous surface area and regular micro block structure through 


UV-initiation template copolymerization. 1H NMR, FTIR, SEM and TG/DSC 


analyses were used to analysis the structure and stability of TPAMA. Finally, the 


sludge dewatering efficiency of template copolymer were evaluated in terms of 


residual turbidity (RT), filter cake moisture content (FCMC), specific resistance to 


filtration (SRF) and floc properties. 


Methods  
Preparation of micro block- CPAMA: Predetermined amount of AM, MAPTAC, 


PAAS, distilled water, EDTA and urea were added into a 10ml pyrex glass vessel (The 


detail of the feed ratio are listed in Table 1) and fully stir until completely dissolved. 


The pH of the reaction solution was adjusted to 4-5 by HCl (1+1) and NaOH (0.1mol 


L-1). Then predetermined amount of VA-044 was added after the reaction solution was 


completely deoxygenated by bubbling with pure N2 (99.99%) for 30 min. Finally, the 


reaction vessel was sealed up immediately and exposed to radiation with a 500 W 


high pressure mercury lamp (Tianyuanhuiteng, China) at room temperature until the 


set time. After UV irradiation, the gels were aged for 2h. The TPAMA was purified by 


first dissolved in distilled water and pH adjusted to 2.0, then washed by acetone and 


ethanol for several times. Finally, the white product was dried in a vacuum oven at 


60 °C until constant weight. 


Optimized preparation of micro block-CPAM by RSM: In order to obtain the 


optimum preparation process of micro block-CPAM based on the previous single 


factor experiment, RSM was applied to optimize total monomer, concentration of 


initiator and MAPTAC, pH and illumination time (Table 1). The Box-Behnken design 
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with a quadratic model was employed to study the influences of five independent 


factors. 


Sludge dewatering tests：The dewatering tests were carried out on a 


program-controlled jar-test apparatus (ZR4-6, Zhongrun Water Industry Technology 


Development Co., China) at room temperature. The dewatering performance of 


TPAMA was investigated taking residual turbidity (RT) of supernatant after 


flocculation, moisture content of the filter cake (FCMC) and specific resistance to 


filtration (SRF) of sludge as evaluation indicators. In the sludge dewatering test, set 


dosage of TPAMA (1g/L) was added into 250ml beaker with 100ml initial municipal 


sludge and the pH was adjusted with sodium hydroxide (0.1 mol L-1) and 


hydrochloric acid (0.1 mol L-1) to set value. Then quickly stirring at 120 rpm for 20s 


and followed by 40 rpm for 60s, then stand for 10 min. 


Results and Discussion 


Characterization of TPAMA: 1H NMR spectra (Fig 1), the characteristic absorption 


peaks of Ha-Hh were observed at 0.80~1.69, 2.00~2.21, 3.49~3.54, 1.92, 3.09, 3.22, 


1.35 and 3.01ppm. FTIR spectra (Fig 2) the characteristic absorption peaks of amino, 


carbonyl groups of amide in acrylamide, asymmetry stretching vibration of –CH3 and 


–CH2, N-H bending of mono substituted amide, the methyl groups of quaternary 


ammonium, deformation vibration absorption of methylene group in MAPTAC unit 


and N+ (CH3)3 stretching vibration were observed at 3434, 1665, 2949, 2832, 1538, 


1489, 1455 and 966cm-1. SEM (Fig 3), TPAMA had a regular, chainlike and porous 


structure with a prodigious surface area. TG/DSC (Fig 4), Thermal analysis of 


copolymer (DSC) can also be an indirect analysis method of polymer microstructure. 


There were three obvious weight loss stages on the thermal weight curve of TPAMA. 


The first stage was considered for the loss of moisture, the second stage was 


considered for the thermal decomposition and imidization of amide groups 


(-CO-NH-), detachment of methyl from quaternary ammonium (-C (CH3)3N+Cl-) and 


the removal of hydrogen chloride, The last stage was decomposition of polymer 


backbone. Obviously, there are two slight endothermic peaks in the DSC curve of 


TPAMA which indicate TPAMA was two phase structure and micro block sequence 


of MAPTAC existed in the main chain of TPAMA. 
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Optimized preparation of micro block-CPAM by RSM: 


Model establishment and variance analysis: according to the regression analysis of 


experimental data, regression equation of influence factors was obtained (equation 1). 


The variance analysis results of regression equation are listed in Table 2. From Table 


2 and Fig 5, this model had a high significance, and the order of significant effect 


were t>pH>n (MAPTAC)>VA-044 wt %> n (PAAS/MAPTAC), just the interaction 


between pH and VA-044 wt %, pH and t affected the response significantly. In 


addition, the “Lack of Fit” of the model is not significant, and R2=0.9649 which 


indicated 96.48% of response value was from the selected five variables. Furthermore, 


the higher R2 show that the actual value and the predicted value were in good 


agreement. Therefore, the regression equation can better predict the correlation 


between the predicted value and the measured value. The model can be used to 


analyze and predict the optimal preparation conditions of micro block-CPAM. 
Sludge dewatering tests: 


Effect of PAMA dosage on dewatering performance: Results show that RT, FCMC 


and SRF after original sluge treated by PAMA with different ratio of MAPATC 


changed with the same trend. The three indexes first decreased rapidly with the 


increase of flocculants dosage, and gradually reached the minimum, then increased 


slowly with the further increase of the flocculants dosage. This trend is consistent 


with the typical behavior of polyelectrolyte in the flocculation process reported in the 


previous literature. The best dewatering performance (RT 3.80NTU, FCMC 68.9%, 


SRF 3.58 1012mKg-1) appears in the dosage of 30mg.L-1.  


Effect of pH on dewatering performance: TPAMA synthesized with acrylamide 


quaternary ammonium salt cationic monomers may own excellent acid and alkali 


endurance. Therefore, in order to verify this inference, PAMA and a commercial 


cationic polyacrylamide flocculants (CPAM) were chosen to compare with TPAMA. 


Results showed that TPAMA and PAMA exhibited a strong acid and alkali resistance, 


which broaden its applications for sludge or wastewater with different pH ranges. 


Conclusion 
In this study, a micro block-CPAM was successfully synthesized, and its preparation 


conditions were optimized by RSM. The order of significant effect were t>pH>n 


(MAPTAC)>VA-044 wt %> n (PAAS/MAPTAC), just the interaction between pH and 
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VA-044 wt %, pH and n (MAPTAC) affected the response significantly. The 


maximum intrinsic viscosity of micro block- CPAM was 10.9 dL g-1 under the 


optimum synthesis conditions. The sludge dewatering test indicated the obtained 


micro block- CPAM was efficient flocculent for sludge dewatering and exhibited a 


strong acid and alkali resistance. 


Figures and Tables 


 


Fig 1 1H NMR spectra of TPAMA 


 


 


Fig 2 FTIR spectra of TPAMA 
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Fig 3 SEM of micrographs of TPAMA 


 


Fig 4 TG/DSC analysis of TPAMA as a function of temperature 
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Table 1 Levels and codes of the Box-Behnken experimental design 


Factor Code 
Level 


-1 0 1 


pH A 3 4.75 6.5 


Va-044(wt %) B 0.02 0.07 0.12 


n(PAAS/MAPTAC) C 0.5 1 1.5 


n(MAPTAC/AM) D 0.15 0.33 0.5 


t/min E 30 60 90 


 


Table 2 Variance analysis of regression model 


Source 
Sum of 


Squares 
df 


Mean 


Square 


F 


Value 


P Value 


Prob > F 


 


 


Model 102.78 20 5.14 34.35 < 0.0001 significant 


A 6.38 1 6.38 42.65 < 0.0001 
 


B 5.15 1 5.15 34.41 < 0.0001 
 


C 0.57 1 0.57 3.83 0.0616 
 


D 5.92 1 5.92 39.58 < 0.0001 
 


E 10.48 1 10.48 70.02 < 0.0001 
 


AB 2.01 1 2.01 13.42 0.0012 
 


AC 0.42 1 0.42 2.82 0.1053 
 


AD 0.37 1 0.37 2.5 0.1266 
 


AE 1.76 1 1.76 11.73 0.0021 
 


BC 0.037 1 0.037 0.25 0.624 
 


BD 0.51 1 0.51 3.43 0.076 
 


BE 0.11 1 0.11 0.71 0.4059 
 


CD 0.38 1 0.38 2.57 0.1215 
 


CE 0.41 1 0.41 2.71 0.1121 
 


DE 0.013 1 0.013 0.089 0.7677 
 


A^2 20.21 1 20.21 135.06 < 0.0001 
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B^2 31.35 1 31.35 209.53 < 0.0001 
 


C^2 2.45 1 2.45 16.36 0.0004 
 


D^2 8.76 1 8.76 58.52 < 0.0001 
 


E^2 47.05 1 47.05 314.46 < 0.0001 
 


Residual 3.74 25 0.15 
   


Lack of 


Fit 
3.27 20 0.16 1.74 0.2806 


not 


significant 


Pure 


Error 
0.47 5 0.094 


   


Cor 


Total 
106.52 45 
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Background 


 Primary entities of industrial  
wastewater discharge  


  Wastewater accounted for 70 ~  
90% of the total water consumption 


Large volume, high organic content,  
dark color and complex substances et al. 
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Background 


Physical 


 Heating treatment 
 Freezing thawing treatment 
 Ultrasonic treatment 
 high pressure treatment 
  


Chemical 


 Adding a certain amount of 
flocculant, coagulant aid and 
other chemical agents 


 High energy consumption 
  Equipment easy to corrosion 


 Easy operation 
 Low cost 
 Operating results stability  


Research and development of high efficiency sludge 
dewatering agent becomes an urgent problem.! 


Sludge conditioning methods 
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Can overcome the disadvantages of 
easily hydrolyze and inactivation in 
high pH value environment.  
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 short reaction time 
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Preparation and characterization  
of template PAMA 


Preparation and  Optimize synthesis conditions  


Photoinitiated reaction device 


Independent variables Code 
Levels 


-1 0 1 


pH  X1 3 4.75 6.5 


Va-044(wt %) X2 0.02 0.07 0.12 


n(PAAS/MAPTAC) X3 0.5 1 1.5 


n(MAPTAC/AM) X4 0.15 0.33 0.5 


t (min) X5 30 60 90 


Levels of the independent variables designed in the B46 (35) 
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Characterization of Template PAMA  
FTIR Spectra 1H NMR Spectra 
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Characterization of Template PAMA  
SEM TG/DSC 
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of template PAMA 


Optimize synthesis conditions by RSM  


Final regression equation: 


 F-value is 34.35, and p-value( Prob>F) is less than 0.05 indicating statistically 
significance of this model. At the same time, R2-value of 0.9648 suggests a 
relatively strong correlation between the observed and predicted values. 


 X1, X2, X4, X5, X1X2, X1X5, X12, X22, X32, X42, X52 were significant model 
terms, and the order of significant effect were irradiation time (t/min) (X5)> pH 
(X1)> mole ratio of MAPTAC and AM (X4)> concentration of initiator (X2). 







Preparation and characterization  
of template PAMA 


Optimize synthesis conditions by RSM  
 Intrinsic viscosity of polymer showed a trend of first 


increasing and then decreasing along with the 
increase of concentration of VA-044, also the effect 
of pH showed the same trend. 


 pH showed more significant effect on intrinsic 
viscosity of polymer than concentration of VA-044, 
moreover, the interaction between pH and 
concentration of VA-044 affected the response 
obviously.  


 Similarly, the effect of irradiation time showed the 
same trend on intrinsic viscosity of polymer with the 
concentration of VA-044 


 However, the irradiation time showed more 
significant effect on intrinsic viscosity of polymer 
than pH and the interaction between pH and 
irradiation time also affected the response obviously.  
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Evaluation of Dewatering Performance 


Characteristics of  dyeing sludge 
（Sampled from one dyeing mill in Chongqing China） 


moisture(
%) pH 


Density 
(kg·L-1) 


Zeta potential 
（mV) 


COD 
(mg L-1) 


apparent characteristic 


99.2 10.8 0.95 -16.8 8138 dark green, granular 
loose,pungent smell 


Flocculation  
Conditioning 


Vacuum  
filtration Original sludge  


filter cake 


filtrate 
COD 
RT 


Zeta 


FCMC 


SRF 
Flocs size 
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Evaluation of Dewatering Performance 


 Experimental condition for a and 
b: 120 rpm for 20s, 40 rpm for 60s, 
stand for 10min and pH of 10.0; 


  Experimental condition for c and 
d: 120 rpm for 20s, 40 rpm for 60s, 
stand for 10min and dosage of 
TP3, P and CPAM were 30, 40 
and 40 mg L-1 


Effect of flocculant dosage and pH of sludge on dewatering 
performance. 


 


 4.47NTU of RT, 72.2% of FCMC, 5.47 
(1012mKg-1) of SRF and 79.2% of 
COD Removal rate reached at 30mg 
L-1 dosage of TP3 and pH of 10.0 
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Evaluation of Dewatering Performance 







Preparation and characterization  
of template PAMA 


Evaluation of Dewatering Performance 


Comparison Chart before and after flocculation for TP3  Effect of dosage on zeta potential 







Preparation and characterization  
of template PAMA 


Conclusion 


A cationic polyacrylamide (CPAM) with microblock structure was 
synthesized through UV-initiated template copolymerization 


2 
1H NMR, 13C NMR, FTIR and TGA/DSC analysis indicated the  
synthesis of Template PAMA and the micro-block structure 


4 
Dewatering tests indicated TPAMA possessed excellent dewatering  
performance and the micro-block structure enhanced its charge  
neutralization effect.  


3 


1 


The optimum synthesis conditions were obtained by RSM: pH, 
concentration of initiator, mole ratio of PAAS and MAPTAC, mole 
ratio of MAPTAC and AM and irradiation time were 4.75, 0.07 
wt%, 1.0, 0.33 and 60min respectively. Under these conditions, 
about 13.223 dL g-1 of intrinsic viscosity can be obtained 
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Many factors can influence the quality of water of which pollution by human activity is one 


of the major components. As a semi-arid country, water is a valued commodity in South 


Africa and the demand for clean water often outstretches supply. This has resulted in an 


enhanced focus on water and wastewater treatment options. Wastewater treatment 


essentially involves the removal of potentially harmful contaminants including physical-, 


biological- and chemical components present in domestic and industrial wastewaters. 


Extensive research has demonstrated that almost all ecosystems, including degradation of 


pollutants and wastewater, are mediated by microbial metabolism (Prakash et al., 2013). 


The application of molecular biology techniques has enhanced our understanding of 


interactions and functions of different types of microbial populations and impacted the 


design and control of biological treatment processes. 


As outlined by the South African Department of Water and Sanitation’s (DWS) Water Act of 


1998 (DWAF, 1999) biodegradable industrial wastewater pertains to wastewater that 


contains predominantly organic waste arising from industrial activities and premises. These 


food industries use large volumes of water to maintain clean, hygienic conditions and are, 


therefore, major generators of wastewaters. These effluents may contain a high organic 


load and significant quantities of cleaning and sanitizing compounds (Liu et al., 2012) and 


accounts for more than a third of the pollution of water by factories and industries (Valta et 


al., 2015). Large fluctuations in flow rate and composition on an hourly, daily and weekly 


basis makes pre-treatment of these effluents using a conventional continuous system, such 


as activated sludge, notoriously difficult and costly (Hammer & Hammer, 2008). Sequencing 


batch reactors (SBRs) offer an alternative method for treating effluent with varying flow 


patterns can greatly benefit this industry requiring single tank operation, a much smaller 


footprint and easy automation (Al-Rekabi et al., 2007; Mittal, 2006). SBRs operate on a fill-


and-draw basis where each tank is filled during a discrete period of time and operated as a 


batch reactor. SBR research has focussed largely on operational optimization. Addition of 


bacterial consortia to enhance the performance of SBR treatment of food industry effluent 







is a very recent development (Boopathy et al., 2015; Mazzucotelli et al., 2014) and one that 


requires further investigation. The goal of this research was to treat red meat abattoir 


effluent in a SBR to lower harmful contaminants while monitoring the indigenous microbial 


interactions/shifts using a culture independent molecular technique. 


Effluent was sampled at a high throughput red meat abattoir over 14 operational days and 


physico-chemical and microbiological data collected to establish fluctuations. A bioreactor 


(850 L operational volume) with customized mixing and aeration systems was constructed at 


the same abattoir. A composite effluent sample was collected over 12 hours of operation 


and treated with mixing and aeration for 11 hours. Samples were collected every hour and 


physico-chemical parameters temperature, pH, conductivity, settleable solids and DO were 


measured on site and COD, sulphates, phosphates, nitrates, iron, hardness and alkalinity 


determined in the lab. Microbial analyses included heterotrophic plate counts (HPC), 


coliforms, E. coli, yeast and mould enumeration. Genomic DNA was extracted from each 


sample and bacterial diversity/shift investigated targeting the V3 variable region of the 16S 


rRNA gene using denaturing gradient gel electrophoresis (DGGE) (Diez et al., 2001; 


Martinez-Alonso et al., 2010; Muyzer, 1999). DGGE bands were excised and the genetic 


material identified using Sanger sequencing (Marchesi et al., 1998; Pham et al., 2011). 


The initial 14 day sampling showed effluent routinely exceeded allowable limits for EC, COD 


and phosphates and consistently high counts for total heterotrophic bacteria (107 cfu/ml), 


coliforms (105 cfu/ml) and E. coli (105 cfu/ml). Treatment by mixing and aeration for only 11 


hours (the time window each day that the abattoir is not operational) was able to lower the 


COD (49.1%), nitrates (45.6%), sulphates (56.2%), phosphates (23.8%), hardness (21.7%) and 


iron (17.6%) concentrations significantly. Bacterial diversity was not very complex, but 


demonstrated clear shifts in the community composition over time. Dominant participants 


were identified as Aeromonas spp., unidentified rumen bacteria and Acinetobacter spp. 


Rumen bacteria is made up of more than 2,000 species and strains at populations in excess 


of 1011 cells/ml of which many of the population identity and function remains unknown 


(Callaway et al., 2015). Making the isolation and identification of unknown species shown to 


participate in degradation of effluent a priority. Acinetobacter spp. have been associated 


with phosphate solubilizer and heavy metals, phenol and oil degradation. Recently this 


genus was also used to degrade and detoxify industrial wastewater (Agrawal et al., 2014).  







The current research demonstrated the bacterial community composition shifts associated 


with biostimulation during treatment and a molecular approach identified bacteria that can 


be useful in bioremediation. Isolation, identification and characterization of rumen bacteria 


and Acinetobacter spp. detected in the effluent of red meat abattoir effluent presents a 


unique opportunity for bio-augmentation to speed up the treatment process using 


indigenous microbes. 
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Introduction 


 Water is a valued commodity 


 Governing of water quality in South Africa 


 Revived focus on water pollution and wastewater 


treatment options 


 Impact of human activity on water quality 


 Food industry’s contribution 


 


 







Introduction 


 Wastewater treatment involves the removal of 


potentially harmful contaminants 


 All ecosystems are mediated by microbial 


metabolism 


 Understanding microbial population interactions and 


functions assists design and control of biological 


treatment processes 
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 Biodegradable industrial wastewater 


 High organic load and significant quantities of 


cleaning agents and sanitizers 


 Flow rate and composition 


 Effluent treatment options 


 Addition of bacterial consortia 


 







Microbial diversity 


(source tracking)  


Bio-remediation application  
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Aims 


 Establish multi-faceted molecular fingerprints for food 


industry effluents (source tracking) 


 


 Compile a well characterized microbial culture 


collection 


 


 Harness capabilities of indigenous microbes for bio-


remediation 


 







Objectives 


 Obtain baseline chemical and microbial content of 


red meat abattoir effluent 


 


 Treatment of effluent in a SBR to lower harmful 


contaminants 


 


 Monitor indigenous microbial interactions/shifts 


during treatment 
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Bioreactor setup 


 


Mixing and aeration for 12 hours  


On-site monitoring  


Physicochemical analyses  


• Chemical Oxygen Demand (COD) 


• pH 


• Conductivity 


• Temperature 


• Dissolved Oxygen (DO)  


• Settable solids 


• Turbidity 


Lab analyses 


Microbial counts, isolation and 


identification  


Physicochemical analyses  


• Chemical Oxygen Demand (COD) 
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• Nitrate 


• Ammonia 


Microbial diversity  
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Concluding remarks 


 Bacterial community composition identified isolates 


with bioremediation potential 


 Rumen bacteria and Acinetobacter spp presents bio-


augmentation options 


 Harmful contaminants were lowered to below the 


allowed limits 


 Future research 
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Main goals of the project are: estimation and analysis of water treatment technologies, waste 


water purification, elaboration of impurities for the purpose of systemization and area definition 


of their effective use, determination of appliance boundary conditions and aggregative technical-


economic results of their use, expressed by resource method, and, also, area determination of the 


most prospective directions of the further research and development. 


 


The relevance of water scarcity problem today is evident to the vast majority of the world’s 


population. Existence of this problem had been discussed few decades ago only by narrow circle 


of experts, but now it is discussed worldwide. However, today water scarcity is not the lack of 


water in common, but the lack of potable water or which is suitable for irrigation. 


Obviously, the importance of water purification technologies increases rapidly. At the same 


time, requirements to the technology increase significantly. 


Firstly, there is a primary need in water purification, taken from sources, which earlier were 


considered to be inapplicable for usage, especially saline water. 


Secondly, these technologies should possess severe barrier requirements, as the ability to 


prevent the ingress of various contaminants into drinking water supply systems, principally man-


made origin. This ingress into water sources may be possible due to different industrial accidents 


or purposeful action. 


Thirdly, use of water technologies shouldn’t become a source of secondary contamination of 


the environment, polluted with various waste. 


Finally, the most important thing is the availability of water, obtained with the help of these 


technologies for population, otherwise, water scarcity problem will cause social and international 


conflicts. 


The variety of technologies, used in water field, technical solutions, equipment, materials 


and reagents is the base for development of competitive relationship between manufacturers 


water purification equipment and potentially leads cost reduction of treated water. 







However, water supply services market becomes more monopolized by single big 


companies, predominantly offering their own solutions, whose effectiveness requires an 


independent confirmation, as it depends on lives and well-being of inhabitants. 


A need in clean and fresh water increases mutually with the growth of population and the 


growth of industrial manufacturing, an amount of sewage has been increasing also.  


Development of new materials, methods and technologies, including the technology of nuclear 


desalination, is a necessity for modern civilization. 


Arid regions of the world can’t lead a full-fledged economic activity. Opportunities for 


providing of agricultural activities and industrial production are limited. 


Experts confirm, that the problem of water treatment in the modern world (not only in 


Russia, but all countries of the world) may come to the fore up to the middle of the XXI century 


and water objects may become a target of terrorists. It’s important to note that water resources 


are no alternative. It is impossible to replace water by any other resources and materials. 


According to organization of United Nations, growth rate of water consumption in the XX 


century passes ahead in two times the growth of population on the planet. With the increase in 


population and development of technologies, irrigation and food production require more water 


resources. Currently, agriculture accounts for about 70% of global water consumption, which 


makes the importance of food and water security inseparable. 


Market volume of fresh water is estimated at 2 trillion dollars up to 2030 year. 


Most of the major companies around the world show enormous interest in this subject (GE, 


BP, Siemens and etc.). At the same time, most experts are sure, that the solution to the problem 


of global water scarcity is possible only under the development of two main areas: development 


of desalination technologies and water recycling (reusing). 


Majority of modern desalination technologies are based on one of two methods: distillation 


with the help of thermal energy, including nuclear desalination or membrane desalination 


(reverse osmosis and membrane electro dialysis). At distilling process, saline water is heated for 


steam production, then, steam is condensed and collected as a drinking water. Membrane method 


is based on saline water chasing by pump through semipermeable membranes at pressure, which 


is higher than osmosis pressure, or through ion-exchange, which permit either cations only, or 


anions only. (Membrane electro dialysis). 


In addition, there are a number of areas of water purification and wastewater treatment 


especially on the specific contaminants for which there is no economically viable technologies 


and technical solutions. 


Besides, in addition there are a number of areas of water purification, especially waste water 


purification from specific contaminants, for which economically viable technologies and 







technical solutions don’t exist. At the same time inflicted damage at contaminants incoming to 


environment is risen with each passing year. So, this problem becomes more and more actual. 


Creation of united analytical platform of water technologies is the solution of this problem. 


This platform is a kind of interactive product, which combines classifier of existing technologies, 


including application field, main technical and economic parameters, and also the list and 


amount of generated by-products, as waste-precipitation-concentrates; and water classifier, 


indicating the type and composition of natural and waste water. 


The development of such a product is conducted by NRNU MEPhI in cooperation with 


Rosatom. This collaboration provides the creation of united information field, allowing to make 


informed administrative decisions under development and realization of concrete schemes of 


projects and water preparation constructions, purification of waste water, creation of water 


recycling systems as well as planning of scientific and research works in the field of 


development of new technologies and equipment. 


Unified analytical platform of water technology provides highest possible formalization of 


the main process parameters, which allows comparing of alternative technologies and 


technological schemes at the same quality of cleaning and uniform requirements in terms of 


reliability, reducing the comparison to indicators of economic efficiency. 


The construction of united analytical platform was made under open structure principle. This 


principle allows to fill new data in previously created matrix about technologies, equipment, 


reagents. Therefore, the system has been expanded and improved all time. 


Use of global analytical platform by participating nations at the BRICS water forum can be 


the base for adopting united technical policy. 







Water management for successful development of industry holding 


Water resources scarcity resulted in economic inhibition of some countries. In the same 


time as a result of domestic and industry activity large amount of potable and service water are 


polluted, also it’s output in a basin goes to total quality of water reduction. 


For a solving a problem of stable water supply, successful development and ecology 


saving complex methodic in water management is demanded. 


State Atomic Energy Corporation «Rosatom» has a competence in field of water 


treatment and purification and able to solve such complicated problems as water supply for 


Nuclear power plant and special water treatment for different origin and composition water. 


Range of products and technologies include a water treatment and purification plants, and also a 


desalination complex for a municipal needs. The application of this products and technologies 


especially expedient in Power, Oil & Gas industry, agrochemistry and metallurgy. 
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Why Rosatom? 


Our background: 


Our possibility: 


 Experience in NPP construction – 34 units in operation in 
Russia and 18 units under construction overseas, 


 Experience in cogeneration and utilization of thermal energy for 
the needs of district heating nuclear facilities, 


 The level of radiation safety of nuclear power plants complies 
with the most stringent international standards. 


 Experience in NPP construction in India and China, 


 A unique experience of creating desalination systems based on 
nuclear power plants, 


 Technological solutions in terms of world-class water treatment 
and sewage water treatment systems, 


 Ultrapure water supply and purification the whole variety of 
waste water for complex utility facility. 
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Rosatom experience in the field of desalination, water 
treatment and waste water treatment 


Aktau (earlier Shevchenko) water production facility in operation since 1967 


 The first desalination complex in the world with capacity of 120 000 m3/day consists of 13 evaporation 
desalination plants of various types, performance and service life. 


 Providing distillate supply to three large thermal power plants and nuclear power unit, municipal water supply 
to the city (population of 150 000) and supply of industrial distillate to several plants. 


 Steam source – low-grade steam from the turbine plant of the nuclear power plant based on BN-350 type of 
reactor (140°C). 


 Evaporation desalination technology (incl. MED) 


Rosatom has 45 years of experience in the construction and exploitation of water treatment plants integrated with NPP. 
The largest of them are: 


System for water demineralization based on Rostov NPP, launched in 2010 


 The facility produces demineralized water to feed Rostov NPP power units 1, 2, 3 and 4 (8 demineralization 
units, total capacity of 9,600 m3/day). 


 Steam source – low-grade heat from turbine plant of the nuclear power plant based on VVER-1000. 
 MED demineralization technology. 


Rosatom has a unique experience of construction of water treatment and desalination 
plants both for own needs and potable water production for human needs based on the 
basis of NPP 


System for water demineralization based on Novovoronezh NPP, launched in 2015 


 The facility produces demineralized water to feed contours of Novovoronezh NPP (technology: ultrafiltration, 
reverse osmosis, ion exchange, mixed-bed polisher, total capacity of 110 m3/h). 


 Main technology of demineralization – RO. 
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• There are water resources exhaustion and electricity consumption increase under conditions of constant 
population growth and climate fluctuation. U.N.O. is forecasting that demand for water will grow up 30% 
to 2030, having said that demand will be outgrow supply by 40%. 


• Desalination and water reuse are the main solutions of the problem of water shortage. Presently, volume 
of desalinated water is 30 km3 per year*. It is expected to grow up to 110 km3 per year. 


Projected change in water stress  


Source: www.wri.org 


Projected change in water 
stress (change from baseline to 
2030) 


2.8x or greater decrease 
2x decrease 
1.4x decrease 
Near normal 


1.4x increase 
2x increase 
2.8x or greater 
No data 


* Source: Global Water Market 2014, GWI  
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Water market global trends. 


• Water scarcity and desalination capacity growth resulted in automatic electricity consumption growth. So 
there are joint generation of water and electricity trend in the world. World Bank developed and launched 
program– Thirsty Energy – to conduct a support for government in efficient integrated control of water and 
power resources. 


• Many countries governments pay attention to joint control of water and power resources to achieve stable 
economic development. 


World Bank program: 
Thirsty Energy  


График 1. Общая схема взаимосвязи (SEI, 2011) 
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Tanks to store potable 
water 


Scheme of products integration 
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Desalination 
complex based 
on MED-  and/or 
RO-technology 


Desalinated water 
conditioning 


Potable water for 
municipal needs 


Agriculture 


Waste water  
treatment systems 


City 


Effluent 
water for 


agricultural 
needs 


Electricity 


Technical water 
for NPP 


Water for cooling 
system of NPP 


Municipal 
waste water 


Power generation Water production 


Consumer 


Steam 


Water treatment 
plant for NPP 


RO 


MED 
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Water economy of industrial project. Traditional scheme 
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Precipitation (rain, snow) 


Industrial project 
Source 
water  


Industrial liquid-waste drain 
Waste 
outlet 


Domestic waste water 


Storm discharge 


Demineralized 
water 


Water 
treatment  


Uniform system of 
waste treatment 


Disadvantages of traditional scheme: 


 Raised natural water consumption 
 Non-system approach to waste treatment: character and composition of 


contaminants leave out of account 
 Environmental pressure 
 Continuous growth of salinity water reservoirs 


The Federal Law № 416 
About water supply and water 


disposal (came into force 
01.01.2013) makes provision for 
large penalty for supernormal 


waste discharge 


Several modern approaches, which are entirely absent from operating at present water economy: 


- Analysis and  sequence local  treatment of  separated waste streams  
- Water reuse after treatment facilities 
- Special attention to saline waste water 
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Water economy of industrial project. Environmentally friendly 
scheme 
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Precipitation (rain, snow) 


Industrial project Industrial liquid-
waste drain 


Outlet for outside 
water reuse 


Domestic waste water 


Storm discharge 


Makeup for recycling 
cooling system 


Water 
treatment 


Source 
water  


Demineralized 
water 


Return of effluent for water reuse 


Domestic 
sewage 


treatment 
plant 


Storm water 
treatment 


plant 


ADVANTAGES: 


• Local waste water treatment provide greater efficiency under separate components treatment. 
• If quality of effluent bring to quality as required by the law of Russian Federation it is reasonable to reuse this water in technological 


cycles, as its characteristics exceed analogous ones of source water for a number of parameters. In this case natural water 
consumption is reducing. 


• Water system «Zero Liquid Discharge» realize total water reuse and eliminate discharge liquid-waste water. 
• Waste water minimization let to reduce environmental pressure 


Saline waste 
treatment system – 


ZLD-technology 


Complex solution for waste treatment based on recycling water supply and multiple water reuse within the 
frame of whole industrial project provide maximum possibly reduction of natural water consumption and 


volume of waste making  CAPEX and OPEX lower. 
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Выводы 
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1. Water resources exhaustion, industrial development and population growth  
make grade demands of water economy of industrial projects. 


2. The main factors of stable environmentally friendly progress may be 
development  of new water sources (desalination integrated with available 
power-supplyer), or water reuse (waste water reuse). 


3. Complex approach combined with competences in the region of water 
treatment, waste water treatment, desalination and water economy exploitation 
is need for creation modern multiple reuse water system. 
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Novel thermally driven membrane processes for water treatment 
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Temperature-driven membrane processes such as membrane distillation (MD), 


pervaporation (PV) and thermopervaporation (TPV) gain increased attention during the last years 


since they are considered for water treatment applications as a perspective and cost-effective 


alternative or preliminary stage for traditional separation processes [1,2]. PV and TPV processes 


can be utilized for separation of aqueous and organic mixtures [2, 3]. Membrane distillation is 


mainly used for water desalination and waste water treatment [1].  


Thermally driven membrane processes with the air gap configuration such as AGMD and 


TPV have certain limitations in the module design and orientation. For example, the most 


studied membrane module configuration is the plate-and-frame one which has at least 5 


inlet/outlet streams with a vertical orientation of membrane/condenser stacks that enables 


effective evacuation of the condensed liquid permeate from the cold surface of the condenser by 


gravity. In the 1980s, it was demonstrated [4] that the optimal thickness of air gap in AGMD 


should not exceed 1 mm to achieve a high water flux. In the air gap during the removal of n-


butanol from its aqueous solution by means of TPV shown that the air gap width should not be 


lower than 2.5 mm to avoid partial filling of the air gap by the liquid permeate [3]. However, 


such requirement is rather difficult to realize in the practice without the contact of the liquid 


permeate with the outlet side of the membrane. 


 
Figure 1. The schematic design of membrane module with a non-porous cooling plate 


(left) and porous condenser (right). 1 – hot solution (feed), 2 – membrane, 3 – air gap, 4 – 
cooling plate/porous condenser, 5 – cold liquid (coolant/permeate), 6 – pump, 7 – heat 
exchanger. Streams: I – feed, II – retentate, III – permeate (condensed liquid), IV – permeate 
(vapors), V – coolant circuit. 


 


To overcome the problem of flooding of the air gap we have proposed in this study: i) to 


introduce the porous condenser instead of a conventional non-porous cooling plate and ii) to use 







liquid permeate as a coolant. The coolant/permeate pump is placed after the membrane module 


that provides a certain lowering of the pressure in the coolant circuit of the module and, hence, 


effective evacuation (soaking) of the condensed liquid permeate from porous condenser surface 


into the coolant circuit (see Figure 1).  


 Membrane distillation with porous condenser (MD-PC) 


The performance of porous condenser in membrane distillation process was examined by 


carrying out the identical experiments with three different orientations of the membrane module. 


No noticeable difference in water flux and process selectivity was observed. These results 


confirm the effectiveness of porous condenser to transport the permeate vapors/liquid from the 


air gap to coolant compartment. 


To identify the potentials of the porous condenser, the air gap was varied in the range of 


0.1-1.0 mm. Figure 2 a shows the water flux and salt rejection as a function of the air gap width 


at the temperature of feed and permeate of 60 and 25°C, respectively, and 10 wt.% solution of 


NaCl as a feed. As can be noticed, the membrane distillation can be a successfully operated 


event with the air gap ≤ 1 mm. The water flux was increased from 4.4 up to 14.4 kg/m2·h when 


the corresponding distance in the membrane module was decreased from 1 down to 0.1 mm. At 


the same time, the salt rejection was maintained nearly at the same level of 99+%. Since the 


process optimization including effective heat recuperation was out of the scope of this study, the 


air gap was set at 0.5 mm for further experiments.  


a b 


Figure 2. Effect of air gap (a) width on the water flux and salt rejection (Tfeed=60°C, 
Tcoolant=25°C, CNaCl(feed)=10 g/l), effect of feed temperature (b) on the water flux (Tcoolant=25°C, 
dair gap=0.5 mm, CNaCl(feed)=10 g/l). 


 


The increase of the feed temperature from 50 up to 80°C at constant coolant circuit 


temperature of 25°C and an air gap of 0.5 mm led to more than 3-fold higher water fluxes (see 


Figure 2 b). At the maximum temperature difference of 55°С tested in this study, it was possible 


to achieve the water flux of 17.5-21 kg/m2·h. These values are much higher than reported ones 


for commercial membranes tested in different configurations of membrane distillation (DCMD, 


AGMD, SGMD) [5]. As might be expected from the literature, the salinity of the feed solution, 
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at least in the range of 5-40 g/l, did not significantly affected the water vapor transport. This is a 


clear advantage of membrane distillation over the pressure-driven processes used for water 


desalination such as nanofiltration or reverse osmosis. 


 Thermopervaporation with porous condenser (TPV-PC) 


 Separation water – n-butanol solution as a model mixture was studied. Limited 


miscibility of n-butanol/water system results in the phase separation when the concentration of n-


butanol is reached a certain concentration at a given temperature. At ambient temperatures, 


water-rich phase with the butanol concentration of approx.7.5 wt.% used as a coolant. Organic-


rich phase (approx. 80 wt.% in water) can be obtained in the decanter followed by the further 


separation.  


In this study, the hydrophobic dense PTMSP membrane was used to recover the butanol 


from its 1 wt.% aqueous solution. Porous condenser can provide efficient removal of water-


organic vapor/condensate from the air gap of 1 mm width. The flux and separation factor (1.1 


[kg/m2·h] and 43) reached, correlate with the literature data reported for vacuum pervaporation 


and thermapervaporation [6]. 


To sum up, it was shown that the introduction of the porous condenser enabled to 


overcome some disadvantages which are typical for the non-porous cooling plate configuration. 


Prevention of accumulation of the liquid permeate between the membrane and porous condenser 


makes this approach perspective for different special applications such as space or marine, where 


low- or the no-gravity environment, vibration or oscillation conditions might severely limit the 


application of existing membrane separation processes. 
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Temperature driven membrane processes: 
Membrane Distillation (MD) and Thermopervaporation (TPV) 


TIPS RAS


 Evaporation through non-porous 
membrane 


 Separation: organics (volatile 
component) from water (volatile 
components) 


 Polymeric material can be selective for 
target compounds 


Water desalination (MD) Recovery of organics from water (TPV) 


 Evaporation through porous 
membrane 


 Separation: water (volatile 
component) from salts (non-volatile 
components) 


 Polymeric material is not selective 
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OUTLOOK 
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  Membrane distillation for water desalination: porous 
membrane 


 


 Thermopervaporation for biobutanol recovery from 
fermbroth: nonporous membrane 
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OUTLOOK 


TIPS RAS


  Membrane distillation for water desalination: porous 
membrane 


 


 Thermopervaporation for biobutanol recovery from 
fermbroth: nonporous membrane 
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Membrane distillation for water desalination 


TIPS RAS


 MD can produce high quality water 


 It is suitable for remote locations  
using renewable energy 


 It can operate at atmospheric 
pressure, as opposed to the high 
pressure required for RO process 


 MD is not limited by flooding at 
high flow rate as distillation 
processes 


 It is not highly affected by high 
feed water salinity, which makes it a 
suitable process to treat desalination 
brines, especially thermal brines  


Water desalination (MD) 
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Most studied configurations of Membrane Distillation 


TIPS RAS


M.S. El-Bourawi et. al. J. Membr. Sci. 285 (2006) 4–29 


 High water flux 
 Simple module construction 
 Module can be operated in any orientation 
 


 Relatively low salt retention 
 Higher heat loses 


 


 High salt retention 
 Lower heat loses 
 Possibility for evaporation energy recuperation 
 


 Lower water flux 
 Module can be operated only in vertical 
orientation 
 Air gap blocking with condensed permeate 
 Additional air-gap chamber 
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Some examples of porous condenser application 


TIPS RAS


  Spacecraft applications 
Loop heat pump or gravity-independent porous membrane 
condensing heat exchanger for solid waste stabilization  


 


 Gas treatment (e.g. CCS) 
Water vapor recovery from humidified waste gas streams (e.g. flue 
gas, biogas) 
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Novel concept of MD with porous condenser (MD-PC) 


TIPS RAS


Non-porous cooling plate Porous condenser 


A.V.Volkov et al. Sep. Purif. Technol. 171 (2016) 191-196 
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MD-PC combines advantages of DCMD and AGMD 


 Porous condensation surface 


 Condensed permeate is used as coolant 


 Pressure of cold circuit lower than in air gap 


 Air gap can be less than 1 mm 







www.ips.ac.ru 


Experimental part 


TIPS RAS


A.V.Volkov et al. Sep. Purif. Technol. 171 (2016) 191-196 


 Membrane – PTFE (thickness – 57 μm, porosity – 80%) 


 Porous condenser – sintered stainless steel (thickness – 
200 μm, porosity – 30%) 


 Modeling salinity: 
Brackish water – 5 g/l 
Baltic and Caspian sea – 10 g/l 
Red sea – 40 g/l 


 Feed temperature – 50-80°С 


 Coolant (permeate) temperature – 25°С 
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Effect of module orientation on MD-PC performance 


TIPS RAS


A.V.Volkov et al. Sep. Purif. Technol. 171 (2016) 191-196 
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The flux and salt rejection  
are not function of module orientation 


CNaCl (feed), 
[g/l] 


Flux, 
[kg/m2·h] 


Salt rejection, 
[%] 


5 8.8 99.4 


40 8.0 99.8 


Tfeed=60°C , Tcoolant°C = 25°C, dair gap=0.5 mm   


CNaCl (feed), 
[g/l] 


Flux, 
[kg/m2·h] 


Salt rejection, 
[%] 


5 8.7 99.2 


40 8.1 99.9 


CNaCl (feed), 
[g/l] 


Flux, 
[kg/m2·h] 


Salt rejection, 
[%] 


5 8.9 99.2 


40 8.0 99.7 
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Effect of air gap width on MD-PC performance 


TIPS RAS


A.V.Volkov et al. Sep. Purif. Technol. 171 (2016) 191-196 


Tfeed=60°C, Tcoolant=25°C, CNaCl(feed)=10 g/l 
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 MD-PC can be successfully 
operated event with air gap ≤ 1 
mm 


 Water flux was increased from 
4.4 up to 14.4 kg/m2⋅h when air 
gap was decreased from 1 down 
to 0.1 mm 


 Salt rejection was maintained 
nearly at the same level of 99+%  
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Effect of feed temperature on MD-PC performance 


TIPS RAS


A.V.Volkov et al. Sep. Purif. Technol. 171 (2016) 191-196 


Tcoolant=25°C, dair gap=0.5 mm, CNaCl(feed)=0-40 g/l 


 Water flux of 17.5-21 kg/m2⋅h can 
be achieved at temperature 
difference of 55°С  


 As expected, water salinity has a 
minor effect on MD-PC performance 
in contrast to NF/RO 







www.ips.ac.ru 


OUTLOOK 


TIPS RAS


  Membrane distillation for water desalination: porous 
membrane 


 


 Thermopervaporation for biobutanol recovery from 
fermbroth: nonporous membrane 
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Thermopervaporation (TPV-PC) for bioalcohols recovery:  
ABE fermentation 


TIPS RAS


 TPV can use low grade heat 


 Suitable for remote locations  
using renewable energy 


 It can be operated at atmospheric 
pressure in contrast to vacuum 
pervaporation 


 It is not required regeneration 
step in contrast to adsorption and 
extraction processes 


Biobutanol recovery from fermbroth 
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Thermopervaporation with porous condenser (TPV-PC):  
butanol recovery from fermentation broth 


TIPS RAS


A.V.Volkov et al. Sep. Purif. Technol. 171 (2016) 191-196 


TPV module Separator


Organic 
phase


Aqueous 
phase


Membrane Air gap Porous 
cooling plate


Distillation


R
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-8
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0 
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BuOH up to 7%


BuOH < 0,5%


 RF patent 2 532 518  (13.11.2012) 
 


Phase diagram: butanol-water 
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Effect of module orientation on TPV-PC performance 


TIPS RAS


A.V.Volkov et al. Sep. Purif. Technol. 171 (2016) 191-196 
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Porous plate Porous plate 


Membrane Membrane 


Dense PTMSP membrane, Tfeed=60°C, 
Tcoolant=10°C, dair gap=1.0 mm, CBuOH=1 wt.% 


Flux, [kg/m2·h] Separation 
factor BuOH H2O Total 


0.31 0.79 1.10 42.7 


0.32 0.82 1.14 43.1 


0.32 0.80 1.12 42.9 


TPV-PC performance  
is not function of module orientation 
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Comparison of cooling plate and porous condenser 
configurations for AGMD and TPV 


TIPS RAS


Parameter Cooling plate Porous condenser 


Minimal air gap width  Limited, condensed liquid shall not 
contact back side of the membrane 


No limitation is foreseen since no liquid is 
present on the porous condenser surface 


Permeate 


Long pathway for the liquid permeate: 
permeate vapors are condensed on the 


cooling plate, and liquid permeate is 
removed from the module by gravity at 


the bottom 


Short pathway for the liquid permeate: 
permeate vapors are condensed on 


porous condenser and removed through 
the pores into the cooling circuit 


Coolant Additional liquid component of the 
separation system Permeate is used as a coolant 


Cooling surface 
Might be partially shadowed by the 


condensed permeate, partial filling of the 
air gap by liquid permeate is possible 


The whole surface of the porous 
condenser is active, partial filling of the 


air gap is prevented 


Liquid streams 3 (feed, permeate, coolant) 2 (feed, permeate as a coolant) 


Module design Preferential configuration – plate-and-
frame. 5 inlet/outlet streams. 


Plate-and-frame, spiral-wound and hollow 
fiber configuration. 4 inlet/outlet streams 


Module Orientation 
Module shall be oriented vertically: 


collection of the liquid permeate is driven 
by the gravity 


Freedom in orientation: gravity-
independent operation 


Special applications - 


Might be operated at the low- or no-
gravity environment, under vibration and 


oscillation conditions (applications for 
space, marine, aircraft, mobile systems, 


low access and remote areas) 


A.V.Volkov et al. Sep. Purif. Technol. 171 (2016) 191-196 
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Final remarks 


TIPS RAS


  Porous condenser was proposed for membrane 
distillation (MD-PC) and thermopervaporation (TPV-PC) 
processes 


  Membrane module is gravity-independent and has 
simpler construction in contrast to air gap membrane 
distillation 


  Novel process can be effectively applied for water 
desalination and bio-butanol recovery 
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Thank you for attention! 
 







Section 5 


The membrane methods in the water treatment and water purification 


Evgeny N. Starikov, Evgeny N. Egorov 


HYDROTECH, LLC 


The industrial progress of the membrane technology has begun in 60-th of previous 


century. Today we have a lot of experience in the purification of natural and waste waters, 


including radioactive wastes. 


In the present time the following membrane processes are using: pressure driven, 


electromembrane and diffusion membrane processes. Among them the most widely distributed 


liquid separation process has got the pressure driven methods such as microfiltration, 


ultrafiltration, nanofiltration and reverse osmosis. The electromembrane methods are represented 


by the electrodialysis and electrodeionization in general. The diffusion membrane processes are 


used to decarbonation and deaeration of water. All of the membrane methods has low ecology 


impact, low operational and capital costs, low footprint, stability of the product quality and high 


rate of the automation. All these factors are especially significant in the drinking water treatment 


and waste waters purification. 


Recently the producing of Russian membrane elements is developed rapidly, therefore the 


better conditions are established to introduce the membrane methods to industrial applications. 


HYDROTECH carries out the engineering of the water treatment plants, develops and produces 


the industrial water treatment and waste water purification fully automated systems, chemical 


reagents mixing and dosing systems and also chemical reagents for equipment service. 
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INNOVATIVE WATER TREATMENT SOLUTIONS


г. Москва, Варшавское ш. 125
Тел.: (495) 781-80-20; факс (495) 781-80-23


e-mail: info@hydrotech.ru
www.hydrotech.ru


Moscow, Varshavskoe road 125
Tel.: (495) 781-80-20; fax (495) 781-80-23


e-mail: info@hydrotech.ru
www.hydrotech.ru


MEMBRANE METHODS  
IN WATER AND WASTEWATER TREATMENT 


International conference BRICS Water Forum, 29-th September 2016 
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 Business activity since 2002  
 Own engineering department and manufacturing facility in Moscow 
 Offers nature water and industrial wastewater treatment equipment, 


engineering, automation, manufacturing, supplying, supervision, 
commissioning 


 Offers liquid radioactive waste water treatment equipment, 
engineering, automation, manufacturing, supplying, supervision, 
commissioning 


 The personnel is graduated from leading Russian technical institutes 
of higher learning with a lot of experience in membrane technology, 
and also in design, producing and running of different water treatment 
systems 


 Installations are throughout Russia, and also in Azerbaijan, Ukraine 
and Kazakhstan  


HYDOROTECH Background 
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 The product lines are reverse osmosis 
(RO) machines, microfiltration (MF) and 
ultrafiltration (UF) systems, 
electrodeionization (EDI) systems, 
ionexchange (IEX) and media filtration 
systems, reagents mixing and dosing 
systems, non-standard equipment  


 
 All the systems are supplied in ready-to-
operate version. Mobile and containerized 
systems are also available (Far North  
versions incl.) 


 
 Official distributor of General Electric 
Power & Water Process, Inge GmbH and 
Evoqua Water Technologies LLC 


HYDOROTECH Background 
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 Low ecology impact  
 Low operating costs 
 Decreasing of capital costs 
 Low foot print 
 High stability of the product quality  
 High stability of the operating parameters 
 High rate of the automation 


Membrane water treatment 
methods benefits 
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  Pressure-driven processes (microfiltration, 
ultrafiltration, nanofiltration, reverse osmosis) 


  Electromembrane processes (electrodialysis, 
electrodeionization) 


  Diffusion membrane processes (dialysis, forward 
osmosis, membrane deaerating) 


 Thermomembrane processes (membrane 
distillation) 


Membrane processes classification 
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Most widespread membrane processes 
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  Microfiltration (MF) 
Separation of suspended solids and large-scale colloid particles;   


  Ultrafiltration (UF) 
Separation high-molecular substances from low-molecular ones, purification of 
water from organic contaminants, colloid particles, microbes and viruses; 


 Nanofiltration (NF) 
Separation of heavy metals and low-molecular substances, water softening; 


 Reverse osmosis (RO) 
Separation of salts and dissolved substances, particularly desalination of brackish 
and sea waters. 
 


Pressure-driven membrane processes 







Pressure-driven membrane processes 
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Hollow fiber configuration 
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Membrane 


fibers Module Housing System 


Pressurized modules 
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Submersed modules 
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Tubular configuration 







Spiral wound configuration 







ГИДРОТЕХ
ОБЩЕСТВО С ОГРАНИЧЕННОЙ ОТВЕТСТВЕННОСТЬЮ


г. Москва, Варшавское ш. 125
Тел.: (495) 781-80-20, факс (495) 781-80-23


info@hydrotech.ru, www. hydrotech.ru


Plate-and-frame configuration 
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ULTRAFILTRATION 
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  Suspended solids retention – 100% 
  Nature organic matter retention – up to 80% 
  Iron retention – up to 97% 
  Color retention – up to 96% 
  Bacteria retention – 99,9999% 


Ultrafiltration 
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 Inpassable barrier for microbes and suspended solids 


 Filtrate quality is not depend on feed water quality 


 Ability to remove chlorine tolerance microorganisms 


 Decreasing of coagulant consumption in compare of 
conventional processes 


 Low foot print leads to decreasing of water treatment 
plant building and heating costs 


Ultrafiltration benefits 
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 Filtrate recovery is 90 - 95% 


 Retention of suspended solids, iron, silica, colloids, 
microbes and viruses 


 Clarification and filtration by single pass 


 Water treatment plant space reduction 


 Reagents consumption reduction 


Ultrafiltration benefits 
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Hollow-fiber ultrafiltration technology 
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Feed water is ground water with turbidity 30-50 NTU 


 Filtration flux - 70 l/m2∙h 
 Filtration duration – 30-40 minutes 
 Backwash flux – 250-300 l/m2∙h 
 Backwash duration – 50-60 seconds 
 Chemical enhanced backwash – every 12 hours during the 


15 minutes 


Typical UF operating parameters 
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Dimensions of the 
modules allows to 
ship and install the 
system without 
obstacles 


The system assembles 
with the separate modules 







Water treatment plant, ultrafiltration system, 400 m3/h capacity 







Water treatment plant, ultrafiltration system, 600 m3/h capacity 
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Parameter Feed 
water Filtrate 


Flowrate, m3/h 1000 900-950 
Turbidity, NTU 2,6 ≤ 0,1 
Odor, grade 5 ≤ 2 
Color, degrees 18 10 
Permanganate 
oxidation, ppm O2 5 3,5 


Aluminum, ppm 0,5 ≤ 0,04 
Suspended solids, ppm 5,0 ≤ 1,0 
Microbial count, 
colonies/1 ml 500 100 


Coliform bacteria 
count, colonies/100 ml 800 50 Fe
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1000 m3/h of sludge processing secondary 
waste water treatment projection for East 


waterworks of Moscow 
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Municipal waste water treatment 
with membrane bio-reactor (MBR) 
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The MBR technology combines biology treatment with high-
performance submerged ultrafiltration membranes. 


The MBR technology allows to reduce chemical oxygen demand 
(COD), biology oxygen demand (BOD), total suspended solids and 
other parameters of wastewaters to permissible concentrations 
before the outflow to fishery significance reservoirs.  


Municipal wastewater treatment 
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REVERSE OSMOSIS 
 


Desalination of brackish water for drinking and industrial use 
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Reverse osmosis 
Ion exchange 


Distillation  
Desalination options 
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Reverse osmosis vs. distillation 


Distillation Reverse osmosis 
Can handle extreme variations in 
feed water Less energy consumption 


Less pretreatment requirements Less capital costs 


Wide feed water TDS range (up to 
supersaturation) Less operating costs 


Less footprint 


Simplicity of maintenance  
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Ion exchange Reverse osmosis 


Less energy consumption Feed water TDS range up to 50 g/l 


Less capital costs Less ecology impact by waste 
waters 


Less pretreatment requirements Less reagents consumption 


Simple and complex automation 


Continuous process 


Reverse osmosis vs. ion exchange 
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Reverse osmosis principle 


Salty solutionDilute solution


Osmosis Reverse osmosis 
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Reverse osmosis technology 
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Maximum feed water 
parameters 


2,4 2,0 7,7 1,7 2446 19,3 63,2 560 693 6,4 


Average feed water 
parameters 


0,4 0,6 7,6 1,2 1120 11,4 37,3 264,8 193,1 5,6 


Drinking water 
requirements 


2,6 20 6-9 5,0 1000 7,0 45 350 500 - 


Water-supply of Aviagorodok town  
(Orenburg region) 
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Season TDS fluctuation 


Feed water 


Requirements 


Permeate 
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Насосная станция 
исх. воды


Микрофильтрация 
20 мкм


Микрофильтрация 
5 мкм


Обратный осмос


Блок промывки 
установки 


обратного осмоса


Water treatment plant 


Microfiltration 
20 microns 


Feed pump 


Microfiltration 
5 microns 


RO machine 


Clean-in-place 
unit 
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Low-pressure RO machine  







Water treatment plant Schekinoazot, reverse osmosis system, 500 m3/h capacity 







Industrial waste water treatment by ultrafiltration and reverse osmosis methods, 
Perfetti van Melle, 13 m3/h capacity 







Liquid radioactive waste water purifying and concentrating by ultrafiltration, 3-stage 
reverse osmosis and adsorption methods, 1 m3/h capacity 


Control panel 


Ultrafiltration unit 


1st stage RO machine 


2nd and 3rd stage  
RO machine  


combined with  
adsorption filter 







ГИДРОТЕХ
ОБЩЕСТВО С ОГРАНИЧЕННОЙ ОТВЕТСТВЕННОСТЬЮ


г. Москва, Варшавское ш. 125
Тел.: (495) 781-80-20, факс (495) 781-80-23


info@hydrotech.ru, www. hydrotech.ru


Containerized water 
treatment plants 
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Electrodeionization 
 


Deionization of water without regeneration chemicals 
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Mixed bed deionization Electrodeionization  


Deionization options 
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Mixed bed deionization Electrodeionization 
Can handle extreme variations in 
feed water No reagents for regenerations 


Can handle upsets in feed water 
better then EDI No waste waters 


Less footprint 


Simple and complex automation 


Continuous process 


EDI vs. MBDI 







Electrodeionization principle 







Electrodeionization module 
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Electrodeionization technology 


RO permeate 
feed water


Feed 
pump


Cartridge 
microfilter EDI modules


Deionized 
water
tank


DI water
Concentrate
to RO feed


DI water
 pump


4-20 uS/cm
(2-10 ppm TDS)


< 0.06 uS/cm
(< 5 ppb TDS)


< 80-400 uS/cm
(< 40-200 ppm TDS)







Deionization of water by electrodeionization method, Russian Federal Nuclear 
Centre – All-Russian Scientific Research Institute of Experimental Physics (part of the 


State Atomic Corporation ROSATOM), 2x75 m3/h capacity 
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DEVELOPING OF EARLY WARNING SYSTEM OF DRINKING WATER 
CONTAMINATION USED IN RUSSIA  AND  CHINA 


Mikhailova R.I.1, Savostikova O.N.1, Cal Liang2 
1FSBI "Institute of Human Ecology and Environmental Hygiene of A.N. Sysin of Russian 
Ministry of Health, Moscow, 
2Centre of Disease Control and Prevention of Republic of China Hunan Province, 
Changsha 
   


 An actual problem for all countries is the supplying of population with safe drinking 


water, which is related with the increased level of chemical and biological pollution of its 


sources.  


 The key notions of Article 8 of the Water and Health Protocol of the Protection and 


Use of Transboundary Watercourses and International Lakes Convention is the creation 


and maintenance of function of  complex systems of epidemiological supervision 


associated with water diseases, and early warning of the occurrence of such diseases.  


 Within the framework of the project «The study and harmonization of early warning 


contamination of drinking water systems  used in China and Russia» it had been  carried 


out the analysis of the regulatory framework, methods of drinking water control pollutions 


in centralized systems of the two countries, which is the actual direction in the connection 


with the threats of anthropogenic and transboundary pollution of water sources that may 


have a direct impact by the restriction of water use and public health. 


 The analysis has showed that in Russia there is acted the regulatory basis at the 


present time, which include 56 priority organoleptic, physical-chemical, microbiological, 


parasitological and radiological indicators and 700 chemicals regulations, which are 


determined based on the regional characteristics of pollution sources of water supply of 


populated areas. In China, there are used 96 similar indicators: biological - 6, generalized 


physico-chemical, organoleptic - 6, inorganic contaminants - 32, organic pollution - 40 


GHS (disinfection by-products) - 10, radiological - 2.  


 Based on the analysis there are had been  selected priority indicators to harmonize 


control methods applied in both countries.  


 Comparative analyzes carried out on the basis of the laboratories of the Institute 


and the Center for Disease Control and Prevention China's Hunan Province, using model 


waters with different levels of chemical and microbial contamination, allowed to harmonize 


the methods for determining the content of the water of cadmium, arsenic, chromium, lead, 


antimony, formaldehyde, carbon tetrachloride, chloroform, fluoride, chloride, chlorite, 


sulfates, nitrites, nitrates, hardness, permanganate oxidation, as well as methods for 







determining the total microbial number (TMC), total coliforms (EDO), thermotolerant 


coliform bacteria (TCB), E.Coli .  


 The Russian side has undertaken to introduce the Chinese experts with the 


methods of monitoring the epidemiological safety of drinking water for the determination of 


coliphages (indicating viral contamination index), as well as lamblia cysts and 


cryptosporidium oocysts (parasite contamination indicators). 


 At the next stage of the work it was agreed   the main principles for the selection of 


"pilot" regions in the Russian Federation and China for testing of the full list of harmonized 


physico-chemical, microbiological and parasitological methods of quality control drinking 


water in particular and practical terms, including the comparability of the selected localities 


according to criteria such as: the socio-economic condition, the degree of availability of 


centralized water supply and sewerage, characteristic of the industrial agricultural 


infrastructure used types of water sources, the presence of conventional water treatment 


technologies, similar basic pollutants associated with anthropogenic pollution and the 


formation of disinfection by-products in the chlorination of water.  


 On the Chinese side as a pilot region it had been selected the Borough Chande 


Hunan area of 18.2 thousand sq. Km, of more than 5.4 million. people. The water supply 


of this region is from surface water sources using conventional water treatment 


technologies.  


 As the pilot regions of the Russian Federation was the city of Samara in the Samara 


region, Krasnodar in the Rostov region, Kazan in Tatarstan, Vladivostok and Khabarovsk 


in the Primorsky Territory.  


 The selection of these sites was defined with the presence of the centers with the 


necessary equipment and relevant specialists of Rospotrebnadzor, the presence of clinical 


medical and educational institutions, the similarity of climatic conditions. In agreement with 


the Federal Service for Supervision in the sphere of protection of consumer rights and 


human well-being of the pilot study had been carried out in the Russian Federation on the 


basis of Territorial Administration of Rospotrebnadzor in the Republic of Tatarstan and the 


regional center FBUZ "Epidemiology Hygiene Center" (Kazan). 


     Successful testing of harmonized methods of research and co-developed system of 


early warning contamination of drinking water of chemical and biological pollutants in the 


pilot sites will help to prevent the risk of contaminated water to health and the further 


improvement of a coherent system of indicators, including the use of harmonized 


mathematical models, methods and historical data of water pollutants database facilities 


and drinking water. 
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International scientific and practical conference "Water Forum of BRICS". 
 Section 5: "Innovative technologies in water treatment and water purification. Moscow, 


on September 29-30, 2016.  


2Centre of Disease Control and Prevention of                                                         
Republic of China Hunan Province, Changsha 







   Article 8 
 RESPONSE SYSTEMS 


       1. The Parties shall each, as appropriate, ensure that:  
       (a) Comprehensive national and/or local surveillance and 
early-warning systems are established, improved or maintained 
which will:                                                                                                                                   
                  (i) Identify outbreaks or incidents of water- related 
disease or significant threats of such outbreaks or incidents, 
including those resulting from water- pollution incidents or 
extreme weather events;                                                                                             
                  (ii) Give prompt and clear notification to the relevant 
public authorities about such outbreaks, incidents or threats;                                      
                  (iii) In the event of any imminent threat to public health 
from water-related disease, disseminate to members of the public 
who may be affected all information that is held by a public 
authority and that could help the public to prevent or mitigate 
harm;                                                                                                                            
                  (iv) Make recommendations to the relevant public 
authorities and, where appropriate, to the public about preventive 
and remedial actions; 
       (b) Comprehensive national and local contingency plans for 
responses to such outbreaks, incidents and risks are properly 
prepared in due time;                                                                             
       (c) The relevant public authorities have the necessary capacity 
to respond to such outbreaks, incidents or risks in accordance with 
the relevant contingency plan,                                                                 
        2. Surveillance and early-warning systems, contingency plans 
and response capacities in relation to water-related disease may be 
combined with those in relation to other matters.                               
        3. Within three years of becoming a Party, each Party shall 
have established the surveillance and early- warning systems, 
contingency plans and response capacities referred to in paragraph 
1 of this article. 
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中俄生活饮用水质安全预警机制研究工作计划 
 


PLAN FOR STUDY AND FACILITATE TO IMPROVE DRINKING WATER 
EARLY WARNING MANAGEMENT SYSTEM USING IN RUSSIA AND CHINA  


 
ПЛАН МЕРОПРИЯТИЙ ПО ИЗУЧЕНИЮ ИСПОЛЬЗУЕМЫХ В РОССИИ И 


КИТАЕ СИСТЕМ РАННЕГО ПРЕДУПРЕЖДЕНИЯ  О ЗАГРЯЗНЕНИИ 
ПИТЬЕВОЙ ВОДЫ С ЦЕЛЬЮ СОДЕЙСТВИЯ ИХ 


УСОВЕРШЕНСТВОВАНИЮ  


A.N.Sysin RIHEEH-RAMS & HNCDC 
湖南省疾病预防控制中心& 
俄罗斯医学科学院-生态与环境研究所 
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THE REGULATORY BASE ON SAFETY CONTROL 
 DRINKING WATER 


 
Indicators 


EU’ 
Directive  


France Sweden Finland Japan Brazil USA Project 
SanPiN 
of the 


Russian 
Federati


on 


China  WHO Australia 


Biological 5 5 5 5 3 3 5 7 6 2 2 


Generalized 
 physical chemical,  
organoleptic 


8 7 7 8 9 5 5 9 6 5 6 


Inorganic substances 23 23 25 22 26 23 25 28 32 29 24 


Organic substances 7 11 11 19 18 34 32 24 40 65 86 


GSS (disinfection by-
products) 


3 2 3 3 9 8 7 6 10 15 9 


Radiological 2 3 3 2 2 2 2 2 2 2 2 


Total  47 51 54 58 67 75 76 76* 96 119 139 


* - 700 Maximum allowable concentration of chemical compounds for 
water assessment taking into account regional features 







Comparative analyzes 
carried out on the basis of 
the laboratories of the 
Institute and the Center for 
Disease Control and 
Prevention China's Hunan 
Province, using model 
waters with different levels 
of chemical and microbial 
contamination 







Indicator Methods for the control  
Russia China 


Total microbe number when 370C Guidelines 4.2.1018-01  


Membrane             
method of 


China 


Total coliform bacteria Standard Rus 52426-05 


Thermotolerant coliform bacteria Guidelines 4.2.1018-01 


E-coli Standard Rus 52426-05 
(ISO 9308-1:2000) 


Colifags Guidelines 2.1.4.1184-03 


Cryptosporidian oocysts Guidelines 4.2.2314-08 


Lamblian cysts Guidelines 4.2.2314-08 


Standard methods for the control of epidemic safety of drinking 
water (bacteriologic, virusologic and parasitologic indicators)                                                   


used in Russia  and  China 







Indicator Methods for the control 
Hardness Titrimetric method 
Chlorides Ion chromatography 
Sulfates Ion chromatography 
Chlorites Ion chromatography 
Nitrates (by NO2) Ion chromatography 
Fluoride-ion (F)  Ion chromatography 
Cadmium (Cd, total) Atomic-absorption spectrometry 
Chromium (Cr6+) Atomic-absorption spectrometry 
Lead (Pb, total) Atomic-absorption spectrometry 
Antimony (Sb) Mass spectrometry with inductively coupled plasma 
Arsenic (As) Mass spectrometry with inductively coupled plasma 
Permanganate oxidability Titrimetric method 
Chloroform High performance liquid chromatography 
Carbon tetrachloride High performance liquid chromatography 
Formaldehyde Gas chromatography 


Standard methods for the control of chemical safety of 
drinking water used in Russia  and  China 







Target indicators are directed to development of complex national 
strategy by the purpose which formation of the uniform preventive 
environment promoting prevention of the water caused incidence 
due to ensuring ecological safety of the person, and also an 
algorithm of their realization is. 


Due to a variety of natural and climatic conditions of the Russian 
Federation, and also from regional distinctions in sources of 
drinking water supply and their quality establishment of target 
indicators at the local level (areas, Federal districts) with their 
further integration to Federal level is expedient. 







Infectious and noninfectious 
incidence 


Early warning system of pollution of drinking water on the basis of assessment of risks 


Qualities of drinking 
water Qualities of sources of 


drinking water supply 


Standard legal base 


ALGORITHM OF DEVELOPMENT OF TARGET INDICATORS 
The analysis of current state of protection of water resources, drinking water supply 


and the water caused incidence 


Justification of priority tasks (target indicators) 


Performance of actions for a target indicator with monitoring by the indicator on 
terms 


The final statement at the federal and regional level with development and the 
statement is standard – legal base of their realization 


Coordination at the interdepartmental level of target indicators, programs of actions 
for their realization with indicators by efficiency of performance and public 


discussion 







ALGORITHM OF FORMATION OF THE EARLY WARNING SYSTEM OF POLLUTION OF 
DRINKING WATER 


Collecting and the analysis of data on pollution of drinking water in the explored territory 


Collection of information about the chemicals polluting drinking water 


 industrial, agricultural and natural sources of pollution of water 


 projects of systems of water supply and projects of system of channeling  


 nature protection programs 


 reports of territorial authorities of RPN, MPR, RGM 


Justification of the list of priority substances 


 physical and chemical properties 


 hygienic standards 


 toxicological properties at various ways of receipt to an organism  


Collection of information about toxic and cancerogenic properties of the substances 
polluting drinking water 


 assessment parameters at various ways of receipt to an organism 


 criteria of cancerogenic and not cancerogenic effect of influence at various ways of 
receipt 







Characteristic of a zone of influence 


 assessment parameters at various ways of receipt to an organism 


The population subject to influence (number, povozrastny structure, povozrastny 
indicators of incidence and mortality for the reasons) 


 definition of scenarios and routes of influence 


 the place of sampling "on the crane" the consumer 


 identification of critical points of control 


 frequency of sampling 


 regional sizes (are defined with features of the territory by questioning of the 
population, the analysis of living conditions, etc. ways) 


 standard sizes (the body weight, consumption of drinking water, frequency of an annual 
exposition, factors skin an exposition in water, exposition factors at acceptance of a 
shower, bathtub, swimming in the pool; dwelling exposition factors, etc.) 


 criteria of cancerogenic and not cancerogenic effect of influence at various ways of 
receipt 


Exposition factors for the adult and children's population 


Analysis of ways of intake of substance from pollution to the consumer of drinking water 







Definition of concentration of chemicals in influence points 


 not cancerogenic effect of the chemicals polluting drinking water 


 cancerogenic effect of the chemicals polluting drinking water 


 reports on monitoring of quality of the RPN drinking water, Hydrometeo 


 protocols of researches 


Characteristic of risk 


Compliance of the received values to levels of the acceptable risk 
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Vladimir A. Gvozdev - Deputy Director of the Technological Development and 


Environmental Protection Department of SUE “Vodokanal of St.Petersburg” 


Water supply technologies development. SUE “Vodokanal of St.Petersburg” experience. 


 


SUE “Vodokanal of St.Petersburg” provides water supply services to the city of 


St.Petersburg with area of 1453.1 km2 and adjacent areas of the Leningrad Region, with 


population amounted to over 5 million persons. 


There are nine (9) water treatment plants in St.Petersburg. The water supply network 


length is 7,174 km. Daily total water supply to consumers is amounted to ca. 1.6 million cubic 


meters of drinking water. 


The city water supply main source is the Neva River – it provides 98% of water for water 


treatment plants. Another 2% is groundwater. The Neva River is a natural watercourse 


transporting water from the Ladoga Lake to St.Petersburg. It is the Ladoga that defines quality of 


raw water in the Neva River. And the challenge of St.Petersburg residents provision with 


guaranteed safe drinking water directly depends on the Ladoga Lake condition. 


The Ladoga Lake today is experiencing the strongest constantly increasing anthropogenic 


load. The Ladoga Lake catchment area is characterized by a high level of economic 


development. The local industrial activity concentration is much higher comparing to nationwide 


figures. And, unfortunately, it is accompanied by the direct discharge of untreated or, at the best, 


insufficiently treated wastewater. 


Number of large-scale projects enabled our city to become leader in the field of drinking 


water supply despite the source water quality problems. It is in recent years with the 


implemented measures it became possible to significantly improve the drinking water quality, 


both under the physical-chemical and microbiological parameters. 


Water disinfection is of particular importance in the water treatment process. Consumers 


should be supplied with guaranteed safe and harmless water. Today, all drinking water in 


St.Petersburg is comprehensively disinfected with the use of both chemical and physical 


methods. 


Approach stipulating employment of environmentally safe chemicals, sodium 


hypochlorite instead of liquid chlorine, for the disinfection technologies is implemented in 


St.Petersburg. Among sodium hypochlorite benefits and in addition to the basic indicators of the 


substance appropriateness (provision of the basic water disinfection process and ensuring 


disinfection effect during transportation of water in the urban distribution network) it worth 


noting an important security factor, namely prevention of accidents related to depressurization of 


equipment with liquid chlorine. There are two plants for the production of own low-concentrated 







electrolytic sodium hypochlorite for the needs of SUE “Vodokanal of St.Petersburg” in 


St.Petersburg. 


In 2008, St.Petersburg became the first megalopolis in the world with all drinking water 


ultraviolet treatment! Ultraviolet is effective against viruses, while chemical disinfection enables 


bacteria elimination. As a result, today St.Petersburg drinking water is absolutely safe and 


harmless. 


Another important task is risk management. It means that it is necessary not only to apply 


effective treatment technologies, but also to ensure prompt receipt of information regarding the 


possible presence of dangerous substances in the river water.  


Water supply safety ensuring system is created, monitoring of all water treatment stages 


from the water intake to the consumer is performed, and special technologies for the water 


treatment process are used in Vodokanal. The monitoring system provides promptness and 


accuracy of the result, which is integrated into an automated drinking water quality control 


system. 


All water supply system intakes are equipped with special technologies, which are 


effective at the Neva River water quality changes, except for, of course, industry-related 


accidents. Examples of such technologies are biomonitoring system and powdered activated 


carbon (PAC) dosing system. 


The biomonitoring system application enables prompt response to changes in the quality 


of water supplied to the plant and ensures the water supply safety. 


The PAC dosing system employment enables effective removal of organic substances 


(odorants, forming water unpleasant taste and odor), oil products, and toxic substances in 


emergency situations (ES). 


Biomonitoring systems are based on the indigenous crayfish and fish organisms reaction 


to the possible presence of toxic substances in water. This system is based on the original fiber-


optical method of crayfish cardiac activity surveying. Information on the crayfish organism 


condition is derived to the external recording system via thin optical fibers. 


However, it is impossible to say that today all the problems associated with St.Petersburg 


provision with clean water are resolved. We continue improving the water supply system. 


New Southern Water Treatment Plant of St. Petersburg (SWTP) block, named “K-6”, 


with the capacity of 350 thousand cubic meters of drinking water per day, commissioned in 


2011, could serve as an example of the water treatment modern approach. 


Changes of the Neva water state shall not have any impact on the water quality produced 


by our company. The new block is equipped with a range of the most modern technologies and 


innovative solutions that can effectively cope with any changes of the raw water quality. 







The daily water supply of the K-6 block is amounted to 60% of the Southern Water 


Treatment Plant total supply, thus reducing the load on the other water treatment blocks. 


K-6 block water treatment process technology proved to be effective and is recommended 


as one of the best available technologies for water treatment in the terms of the Neva River 


surface water use.  


Vodokanal of St.Petersburg plans to use water treatment technologies that are resistant to 


changes in water quality at the source, related both to natural and industry-related factors, in 


order to provide sustainable development and ensure a decent quality of the citizens life. At the 


same time, our Company is actively engaged in promotion of activities aimed at the North-West 


Russia aquatic system protection from the anthropogenic impact. With this regards, Vodokanal 


of St.Petersburg uses possibilities of cooperation at the regional, federal and international level. 







Development of Water Supply Technologies  
Experience of SUE “Vodokanal of St. Petersburg” 


BRICS Water Forum 
Section 5. Innovative technologies in water preparation and treatment 


2016 


Vladimir A. Gvozdev, 
Deputy Director, Department for Technological Development and Environmental Protection  


SUE “Vodokanal of St. Petersburg”  







10 October, 
1858 


Establishment of  St. Petersburg Water Pipelines Joint-Stock Company 
 


1863 Construction of the Water Tower with two reservoirs and two steam pumps. 
 66.14 km of water mains were installed. Construction of water intakes (three 500 mm cast-iron gravity pipes).  


1874-1876 The English Joint-Stock Society provided water supply services to Vasilyevsky Island, Petrogradskaya and Vyborgskaya 
Areas under concession 


1876 


Full supply of water services to the city. 4 water supply plants and relevant water mains (WTP) were set into 
operation: 
- Main WTP,  
- Peterburgskaya WTP near the Sampsonievsky Bridge,  
- Vyborgskaya WTP in Arsenalnaya Street,  
- Vasileostrovskaya WTP, 23d Line of Vasilyevsky Island 


1889 Construction of slow filters at the Main WTP 


1905 Two water siphons were laid across the Neva, water supply of Vasilyevsky Island was performed by the Main WTP. 
Vasileostrovskaya WTP was closed. 


1908-1910 Cholera outbreak 


1911 Sedimentation tanks, rapid filters and a coagulation unit were constructed at Peterburgskaya WTP ; later the 
ozonation unit was commissioned. 


1913 The first time ever water chlorination was introduced at the Main WTP. 
1916 Hypochlorite unit was commissioned at Main WTP 


1916 
A water siphons were laid across the Neva near Arsenalnaya Street to intensify water supply of Vyborgskaya Area. 
Volkovskaya WTP was constructed. 


1917 
Commissioning of: 
-  two water supply plants (Main WTP and Petrogradskaya WTP) 
-  two booster stations (Zelenkovskaya and Volkovskaya booster stations). 


1927 - 1931 Reconstruction of Main WTP. Construction of sedimentation tanks and rapid filters. 
1933 A new Southern WTP was constructed in the southern outskirts. 
1937 Rapid filters were commissioned at Kronstadt WTP. 


Main stages of water supply development  
in St. Petersburg   







1938 Master Plan on the Reconstruction of Leningrad Water Supply System was developed. 


1947 Construction and commissioning of the 2nd stage of sedimentation tanks and filters at Southern WTP   


1961 -1966 
Commissioning of: 
- contact clarifiers at Main WTP, Volkovskaya WTP, Southern WTP; 
- Sestroretsk water supply plant. 


1967-1968 
Commissioning of: 
- Duderhof water supply plant; 
- Gantulovskaya Gora water supply plant. 


1970 -1988 Extension of water mains construction from  2,532 to 4,198 km, which enabled to improve water supply of the 
population in the outskirts 


1972-1974 
Commissioning of: 
- contact clarifiers at Northern WTP, the second unit of contact clarifiers at Main WTP 
- Petrodvorets water supply station 


1979 Commissioning of Pulkovsky water pipeline which enabled to arrange water supply in Pushkin and  Pavlovsk  


1980-1983 
Commissioning of: 
- the second unit of contact clarifiers at Southern WTP, Northern WTP; 
-     Zelenogorsk water supply plant. 


1990 Commissioning of the third contact clarifiers unit at Southern WTP. 
1992 Reconstruction of Duderhof WTP 
1995 Commissioning of the contact clarifiers unit at Kolpino WTP. 


2005 Upgrading of Zelenogorsk WTP, commissioning of the second stage of manganese removal process. 


2011 Commissioning of a new 350,000 m3/day water treatment unit (K-6 unit) at Southern WTP. 


2012-2016 Development of the water supply management system for the Southern Water Supply Zone 


2014-2015 Commissioning of new water intakes and 1st lift pumping station at Main WTP. Introduction of UV-units at 
Sestroretsk  WTP and  Gantulovskaya Gora  WTP. 


Main stages of water supply development  
in St. Petersburg   







Water supply system of St. Petersburg  


Северная ВС 


ВС Колпино 


Южная ВС 


Волковская ВС 


Главная ВС 


Дудергофская ВС 


ВС  Гантуловская Гора 


ВС Зеленогорска 


ВС Кронштадта 
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НС-3 Колпино 
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НС Петродворца 


Василеостровская НС 


Characteristics of water supply system 
(as of 1 Jan. 2016)  


•  Water supply sources: 


Neva River – 98% from total water withdrawal 


Underground and combined water sources - 2% 
from total water withdrawal 


•  9 water supply plants 


• 193 booster pumping stations 


•  Water mains length – 7,104.2 km 


Legend: 
 


 


boundaries of St. Petersburg; 
 
Water supply plant (WTP) (surface water source); 
 
Water supply plant (WTP) (underground water source); 
 
Pumping stations (PS) of SUE “Vodokanal of St. Petersburg”; 
 
Service area of Northern WTP;; 
 


Service area of Southern WTP; 
 


Service area of Main WTP; 
 


Service area of Volkovkaya WTP; 
 


Service area of Kolpino WTP; 
 
Underground water sources of Kurortny district; 
 


Combined water sources area 


Northern WTP 


Kolpino WTP 


Southern WTP 


Volkovskaya WTP 


Main WTP 


Duderhof WTP 


Gantulovskaya Gora WTP 


Zelenogorsk WTP 


Kronstadt WTP 


PS in Pesochny 


Gorskaya PS 


Parnas PS 


Murinskaya PSС 


Kushelevskaya PS 


Primorskaya PS 


Gavanskaya PS 
Petrogradskaya PS 


Moskovskaya PS 
Frunzenskaya PS 


Toyota PS 
Metallostroy PS 


Uritskaya PS 


Volkhovskaya PS Pulkovskaya PS 


Kolpino PS-3 
Kolpino PS-4 Orlovskaya PS 


Strelna PS 


Petrodvorets PS 


Vasileostrovskaya PS 
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Pursuant to the Master Plan on the Development of Leningrad and Leningrad 
Region for the period up to 2005 the capacity of WTPs must be 7,000,000  
m3/day by 2005 


Pursuant to the Water Supply Master Plan of Leningrad for the period up to 
2005 the capacity of WTPs must be 4,710,000 m3/day by 2005 
 


Pursuant to St. Petersburg Water and Wastewater Master Plan for the 
period up to 2015 with the outlook to 2025 the capacity of WTPs must be  
3,770,000 m3/day by 2025 


Pursuant to St.Petersburg Water and Wastewater 
Master Plan for the period up to 2025 with the outlook 
to 2030 the capacity of WTPs must  2,283,00 m3/day 
by 2025 
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Required capacity of water treatment plants according to 
development plans prepared in different time periods 
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Average water consumption in St.Petersburg in 1994-2014 


249 – Ekaterinburg 


227 – Novosibirsk 


216 – Nizhniy Novgorod 
 


272 – Orenburg 


267 – Rostov-on-Don 


For information: 
Average water consumption in European cities:  
Stockholm – 200 l/person*day, Helsinki – 158 l/person*day, Paris– 120 l/person*day, Hamburg – 107 
l/person*day 
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Factors impacting 
water consumption 


Comprehensive solutions 


Metering the amounts of 
water supplied to customers 


Development of end-to-end water balance from the supply of water into the network up to 
the customers’ taps by using water meters with automated on-line data reading and 
transfer 


Heads in water network 


Optimization of water network hydraulic modes: 
• Development of the hydraulic model 
• Elimination of excess heads 
• Installation of modern control valves, safety devices and gates 
• Replacement of pump units with energy efficient pumps with variable-frequency 


electric drives 
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Reduction of water consumption in St. Petersburg  







                 


Expected results before and after reconstruction works 
Parameters 


Before 
reconstruction 


(2010) 


After reconstruction 
(2015)  Result 


Monthly average energy consumption, 
‘000 KW*h 8,245.2 6,532.8 21% 


Unaccounted for water, ‘000 m3/year 28,544.8 22,196.3 22% 


Damage rate, accidents 540 301 44% 


Characteristics of the southern districts  


Population           1,274,000 people 
Service area         194,7 km2 
Daily average  
water supply         496,000 m3/day  
Length of the  
network       1,686 km 
Southern Water  
Supply Plant          1   
Pumping stations   6 
Booster pumping  
stations                  45  
Number of  
residential houses  6,498  


Establishment of the water supply management system in 
southern districts of St. Petersburg 


Rationale: 
• excess water heads; 


• high damage rate; 


• high water loss; 


• low efficiency of pumping units; 


• Manual collection of meter readings on 
the customers’ side is inconvenient and 
does not ensure timely collection of 
reliable data for the settlements with 
customers. 


 


Tools: 
• GIS 


• Hydraulic model 


• IS Water balance  


• Results of inspections and measurements 
 


Expected project results: 
• Reduction of energy consumption 


• Reduction of water loss 


• Reduction of damage rate 


Southern WTP 







 Environmental education 


Youth Environmental Center:  
•  Operates since 2002  
•  Over 300,000 children took part 
in its programs, projects and lessons 
 
 
 
 
“The Universe of Water”  
Museum Complex:  
•  Operates since 2003  
• Three unique expositions 
• Over 215,000 visitors per year 
 







    Onega Lake: 
• Total area – 9,700 km2 


• Water mass volume – 285 km³ 


    White Sea: 
• Total area – about 90,000 km2 


• Water mass volume – 5,400 km³     Ladoga Lake: 
• Total area – 18,000 km2 


• Water mass volume – 838 km³ 


  Shipping traffic 
  Discharges of the largest in Russia 


industrial companies of forest, 
wood processing, pulp-and-paper 
industries  


 Drainage and reclamation 
discharges 


  Domestic discharges 


Specific organic substances of 
anthropogenic origin – phenols, 
polyaromatic compounds, 
chlorocarbons including pesticides and 
oil products 


Anthropogenic load on water bodies Polluting factors 


Onega Lake Ladoga Lake 
Neva River 


White Sea 


Formation of the quality of the water system  


Svir River 


St. Petersburg 


Boundaries of the sanitary 
protection zone 


Neva – Ladoga Lake 
(river head) 


  Pollution of the Onega Lake with nutrients –nitrogen and phosphorus 
  High content of heavy metals in the Ladoga Lake 
  water blooming caused by intensive growth of cyanobacteriae (blue-green algae) 


White Sea Canal 


Baltic Sea 


White Sea Canal – the canal that connects the White Sea 
with  the Onega Lake 


White Sea 


Ladoga Lake 
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St. Petersburg 


Arkhangelsk 
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Vologda 


Cherepovets 


Kandalaksha 


Priozersk 
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RUSSIA 


White Sea Canal 


Unified water system of the Northwestern Federal District 
 White Sea – Onega Lake – Ladoga Lake – Neva – Gulf of Finland 
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Drum screens Contact clarifiers 


(NH4)2SO4 
NaOCl 


Al2SO4 
flocculent 


One-stage treatment process ( the 60-ies of XX century)  


Underground sources - 2% 
Water treatment process in Zelenogorsk (2005) 


Water treatment process at Gantulovskaya Gora WTP and Duderhof WTP ( the 60-70-ies of XX century) 


(NH4)2SO4 
NaOCl 


flocculent Al2SO4 


PAC 


Two-stage treatment process (the 30-ies of XX century) 


Characteristics of underground sources  
 


Intermorainal aquifer: 
 Enhanced concentration of iron and manganese  


 


Ordovician aquifer: 
  High hardness (8 mg/l), 
  Unprotected aquifer Clean water 


reservoir 
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filters 
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Up-to-date two-stage treatment process (2011) 


Доля от общей 
Share in total 


supply  
67 % 
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Violent seasonal changes of water quality in the water source in terms of 
turbidity 


Natural phenomena 


winter spring summer autumn 


Surface water source (the Neva River) - 98% 
Source characteristics 
Anthropogenic load 
 
 


St. Petersburg water supply system as of 1 Jan. 2015  
Water treatment technologies applied at Main WTPs 







- No effective disinfection system,  
- 78% of water is one-step treated 
- Environmentally hazardous chemicals (chlorine, 
ammonia) are used 
- No effective water treatment technology for 
removing specific contaminants 
- Unaccounted for water and water loss is 18.3% 


- Replacement of 
chlorine with sodium 
hypochlorite at  75% 


of facilities 
-Zelenogorsk WTP 


rehabilitation 


-Introduction of UV 
disinfection  at 72% of 


facilities  
- Introduction of the  


system  providing safe 
water supply in case 
of detection of toxic 


compounds 
 


 
 


 
 
 


2009  2008  2006  2005  2003  2011  


- Complete elimination  
of chlorine 


- 100% of water is 
UV-treated 


- Replacement of 
ammonia with 


ammonium sulfate 


- New 350,000 
m3/day water 


treatment block 


- Construction of 
sodium hypochlorite 
production plants 


91.9% 


94.2% 


94.5% 
95.2% 


96.0% 
97.0% 


2015  


- Establishment of 
the water supply 


management 
system of the 


Southern Zone on 
the basis of GIS 


98.3% 
100% 


In line with Water 
Supply Master 


Plan: 
- Reconstruction 


of WTPs in St. 
Petersburg –  


- Main WTP, 
Northern WTP, 
Southern WTP, 
Kolpino WTP 


- - Establishment of 
the water supply 


management 
system of the 
Central and 


Northern Zone son 
the basis of GIS 


 
 


2025  


 
Provision of safe drinking water to the population of St. Petersburg 


- Full-scale reconstruction of all WTPs in St. 
Petersburg was carried out, 
- 100 % of water is treated by means of 
modern technologies, 
-  A 100% compliance of drinking water from 
the tap with regulatory standards, 
- No complains from customers, 
- Unaccounted for water and water loss is 8 % 







 
 
 


 
Independent  


drinking water  
quality control  


– ZAO “Water Metering 
and Control Centre” 
Working Programme 


On-site water quality control 
labs of SUE “Vodokanal of 


St.Petersburg” 
Control over water treatment 


technological modes 


On-line quality control at all water 
treatment and transportation stages 


Biomonitoring 


7 specialized  drinking 
water control labs 


 
100,000 determination 


per year  


174 drinking water inspection 
points : 
-city water distribution network 
-outlets of WTPs 
 
300,000 determinations per year  


350 on-line control 
devices  


6 biomonitoring 
stations 


Water quality control system embraces all levels of drinking water 
production and transportation, which guarantees safety of 


drinking water in St.Petersburg. Rospotrebnadzor 
Department 


 Water quality control in St. Petersburg  







 
Drinking water in St. Petersburg is 


absolutely safe 
 


 
 
 


All drinking water in St. Petersburg undergoes UV treatment.  
 
 
 


 
 


Guaranteed 
epidemiological safety of 
water 
 
 Full-scale automation of 
disinfection processes 
 







Sodium hypochlorite production 
workshop at Southern WTP Sodium hypochlorite production 


workshop at Northern WTP 


Sodium hypochlorite production at 
Southern WTP 


Sodium hypochlorite production at 
Northern WTP 


Commissioning – 2008  
Design capacity of production plant – 480 t/day 


Commissioning – 2006 
Design capacity of production plant – 720 t/day 
. 


Water disinfection by sodium hypochlorite  
Production of sodium hypochlorite 







 Provision of the guaranteed safe drinking water to the 
population of St. Petersburg  


Powdered activated carbon dosing system makes it possible to 
arrange efficient removal of organic substances (odorants that form off-
flavor and odor nuisance), oil products, toxic substances in case of 
emergencies.  


Main WTP 


Volkovskaya WTP 
1st lift 


Southern WTPС 


Northern WTP 
1st lift 


Kolpino WTP 


Kronstadt WTP 


- PAC dosing units 
 
- Biomonitoring stations  


Biomonitoring makes it possible to respond promptly to any changes 
in the quality of water coming to WTPs and ensure safety of water 
supply.  







Reconstruction of the water treatment plant in Zelenogorsk 
Implementation of modern iron and manganese removal 


technologies 


At Zelenogorsk WTP : 
 


• filters are reloaded and the new drainage system TRITON is installed, 
• the water aeration system is upgraded, 
• the new iron and manganese removal technology is implemented at the 2nd process stage with 
using catalytic oxidation of iron and manganese compounds in pressurized filters, 
• modern chemical dosing systems and the process monitoring equipment  are installed, technical 
processes at the plant are automated, 
• water is disinfected by sodium hypochlorite. 


Water treatment technology at 
Zelenogorsk WTP 


NaOCl 
Aerator Rapid filters PS-2 Pressurized filters 


Kurortny District of 
St. Petersburg 


Intermorainal aquifer 


2005  - Completion of Zelenogorsk 
WTP reconstruction 
 
Designed capacity after the 
reconstruction – 10,000 m3/day. 







Compliance of drinking water with quality standards 


Due to the technological solutions used during design 
and construction, this unit can cope with any 


fluctuations of the water quality in the Neva River, 
which is used for the water intake. 


K-6 treatment unit capacity –  
350,000 m3/day 


- In 2011, the new water treatment unit (K-6) at the Southern WTP started 
to supply water to the city.  


 







Guaranteed safe drinking water ensures high living 
standards of St. Petersburg population  







Thank you for your attention! 







BRICS Water Forum, Thesis for the presentation of Klinger GmbH 


The goal of the presentation is to explain how to reduce water leakages with very simple products 
and good organizations. 


The presentation is divided in 2 parts: 


Reducing the water leakages with gaskets and sealings, and especially with standardized products 
like rubber steel gaskets. The rubber steel gaskets are products which are produced in accordance 
with strict standards and were certified by external companies. Rubber steel gaskets are indeed more 
expensive than the other cheap products but can reach the same lifetime as for the pipelines 
themselves. 


The second part is about the absolute necessity to have in each country associations of authorities, 
certifying bodies, building companies and water work companies to improve the quality of the 
workers and to enhance the sustainability of the pipelines. In Germany, the DVGW is an association 
of water work’s companies, building companies, producers and end users. The DVGW write 
publications as “standards”. Those papers are considered like the best practices to be used on the job 
site. 


The DVGW published some years ago the DVGW GW301. This paper is like a certification for 
companies which want to apply for tenders in pipelines work. Without this, they cannot apply. This 
paper certifies that the companies owns the right workers and the proper machines for the job. 


 


 







Avoiding fresh water 
losses with the right 
gaskets and the right way 
to work 
KLINGER® Rubber Steel Gaskets 







Leakages in water pipelines worldwide 
 


A leak of only one drop per second represents a 
water loss of 10 000 liters per year. 







Leakages in water pipelines 
 


A leak of only one drop per second represents a 
water loss of 10 000 liters per year. 


• Leakages will always occur 
• The question is when it is time to be active. 







Leakages in water pipelines 
 


A leak of only one drop per second represents a 
water loss of 10 000 liters per year. 


“One of the cheapest, easiest ways for a city to 
increase their quote, unquote, �supply,’ is basically 
make sure whatever you have is not going to loss,”  
said Newsha K. Ajami, director of urban water policy at Stanford Woods Institute for the Environment in 


California.  
“Big, massive infrastructure solutions, I think, should 
be a last resort, should not be the first.” 
 
 
http://www.wsj.com/articles/to-fix-water-crisis-brazil-turns-to-big-projects-1428356501 







How to reduce water 
leakages? 


Water supply systems – the right gasket 







How to reduce water leakages? 


• Chose the right product 
– In general, pipes, valves, fittings and all other expensive 


components are: 
– Compared and tested 
– Placed in tenders 


– Considered as Investment. 


• But leakages are mostly not in pipes, or in valves. 
– They are BETWEEN pipes, at the junction between 2 pieces 
– Consequences:  


• Gaskets and sealings must be chosen and mounted 
properly 
 


 







How to reduce water leakages? 


• External influences on gaskets 
– Medium, Pressure, Temperature, Processing, Flange and 


Assembly 
– Medium, pressure, temperature and processing are known 
– Flanges are standardized 


• Most of them are under control. Which not? 
− The assembly = human factor 
− Bolts and gaskets shall not be expensive 


 
 


 







External influences on gaskets 
Flange: 
Shape, steel, cast iron, PE 
DN 50 - DN 2000, PN6 - PN40 
or PN63-100 


Screw: 
Stainless steel, steel 4.6 – 6.8 – 


8.8, s.s with brass 
M8 à M48… 


Process: 
Often under pressure 


Sometimes vacuum 


Temperature: 
from 4°C up to 45°continuous 


Up to 110°C 


Pressure: 
from 0 up to 40 bar (relatif) 
or -0,5 bar 
Continuous or not  
Water hammer : material important 
 
 
 
 


Medium: 
Water, drinking water, 
sewage water 
 







How to reduce water leakages? 


• Solutions: 
– Product which can overtake the mistakes while montage 
and 
– Work in accordance with the best practices 
 Provided by manufacturers 
 Schooling, instruction and controls by authorities 


 
 


 
 







Technical solutions 


Water supply systems – the right gasket 







 


Klinger® KGS gaskets in water supply 







Technical solutions 


• Red line: 
– Cheap product produced without any Standard 


– Very cheap but 
– Very difficult to tight 
– Will never reach the lifetime of the pipelines 


 Leakages are quite sure. 


• Green und blue line: 
– not cheap but 
– Very easy to tight 
– Will ever reach the lifetime of the pipelines 


 No leakage 


 
 


 
 







 


 
 
Rubber coating with 
limited thickness     Steel core  


         
  


Technical solutions : Rubber steel 
gaskets 







 


 


 
• Steel – Rubber: the good match 


– The steel core take the efforts 
– Rubber with limited thickness: 


• CS and Relaxation limited; still in the elastic range 
• Aging of rubber less rapid than other non-reinforced joints (to 


high pressure and or to high temperature = accelerated ageing 


Technical solutions : Rubber steel 
gaskets 







• Mechanical advantage 
– Gasket produced in accordance with actual standards 
– EN1514-1, EN 681-1, GOST 12815-80 


– Self-centering shape  
• Outer diameter of the gasket to inner diameter bolt circle for a 


given PN class. 


– Half rigid gasket:  
• Rigid by assembling and flexible enough to be deformed when 


the flanges are not free of defect. 
– Half flexible product: rubber can be pressed and loose a few.  


• Compression set 
• Metal core present to take the pressure, normal aging of the 


rubber. 
 


Why should rubber steel gasket be used? 







Flange gasket bolt 


Rheology 


• Correct tightening 
– Screw in contact on the 


washers 
– Washers in contact on the 


flanges 
– Flanges press the gasket 
– No movement allowed 
– Waterproof guaranteed 


 


Gasket KGS in drinking water pipelines 







• incorrect tightening or 
to flowing material 
– Due to vibrations 


(process/temperature) : 
• gasket’s material is to 


flowing 
• flanges are not more in 


contact on the gasket 
• the washers can not more 


transmit the forces coming 
from the screw.  


– Movement possible 
 


– LEAK 
 


Gasket KGS in drinking water pipelines 







Institutional solutions 


Water supply systems – the right practice 







Institutional solutions 


• Best products without best practices are nothing. 
• Users can und must be trained by manufacturers but 


there are always local “treatments”. 
• Solutions: 
 Training and schooling of all people working with water 


pipelines 
 Creation of training centres 
 Creation of institutions as DVGW in Germany, or ASTEE 


in France 
 


 
 


 







Institutional solutions 


• Certifications of people and enterprises in term of 
• Competences 
• Tools 


• German Certification DVGW GW301 
• Valid for 5 years 
• Certifications for water or/and gas pipelines 
• Dimensions, material are properly described 
• Only enterprises with this certification can apply for tenders 
 Well trained people 
 Well tooled enterprises 
 Good job, no mistake on the job site, less leakages 
 


 
 


 











11years’ experience of successful usage of bioelectronic monitoring systems at the objects 


of SUE “Vodokanal of St.Petersburg” and marine and freshwater natural water bodies 


 


Kholodkevich S.V. 


Scientific Research Center for Ecological Safety RAS, Saint-Petersburg, Russia 


Saint-Petersburg State University, Saint-Petersburg, Russia 


 


One of the main problems concerning water bodies used for drinking water supply is the risk of 


sudden water quality impairment resulting from natural and technogenic catastrophes including 


terrorism. The level of ecological danger and economical loss due to such situations, accidents or 


actions highly depends on how fast a management decision could be made.  


The world practice shows that environmental monitoring (air, surface water, bottom sediments, 


etc) based on automatic real time warning stations to be the most reliable and economically effective 


method of obtaining accurate and contemporary information. In 1999 we developed an original fiber-


optic method for non-invasive monitoring of cardiac activity of Crustacean (Decapoda) and Mollusca 


(Fedotov et al., 2000; Kholodkevich et al., 2008), which was patented in Russia, Europe, EAEU and 


the USA. In 2005 the System for Industrial Biological Water Quality Monitoring (SIBWQM) based on 


this method to provide real-time monitoring of toxicity level changes at the Neva River water intakes 


of the St. Petersburg drinking Water Supply Stations (WSS) was created and mounted (Kholodkevich 


et al., 2008). Up to the present time 11 of such automatic stations were set up at all 9 WSSs in St. 


Petersburg and used in industrial operation for more than 11 years.  


From 2010 the analog system of industrial biomonitoring was mounted at South-West 


Wastewater Treatment Plant (SWWTP). SWWTP discharges biologically treated effluent into the 


Neva Bay, which refers to commercial fishing waters of the Ist category. That imposes extra 


requirements to the city wastewater treatment plant operation, in particular, because the system applied 


has to be of a prognostic significance in the assessment of the discharged water quality for aquatic 


organisms. A few indicators were suggested in algorhythm of alarm signal production in the case of 


unfavorable changes in water quality and the self-diagnostic system for the assessment of viability of 


animals-biosensors was worked out. 


The main purpose of the report is to share of our 11years’ experience of successful usage of 


bioelectronic monitoring systems at the objects of SUE “Vodokanal of St.Petersburg”. Besides, in the 


report we would like to share also our experience in the development and approbation of technologies 


for indication of ecosystem state (health) using the same bioelectronic system. Such approach and 


technologies allow to reveal and to assess biological effects of chronic anthropogenic pollution of 


marine and freshwater areas.  







Kholodkevich S.V., Probirskii M.D., Portnova T.M.,  
Ivanov A.V., Liubimtsev V.A., Kuznetsova T.V. 


  
Laboratory of Bioelectronic Methods for Geoecological Monitoring 


Saint-Petersburg Scientific Research Center for Ecological Safety RAS; 
Institute of Earth Sciences, St-Petersburg State University: 


Research Innovation Centre «EcoContour» Co. Ltd. (St.-Petersburg, Russia) 
 


11-летний опыт успешного использования 
биоэлектронных систем мониторинга на объектах ГУП 
“Водоканал Санкт-Петербурга“, морских и 
пресноводных акваториях  
11 years of experience in the successful use of bioelectronic 
monitoring systems on the objects of SUE “Vodokanal of 
St. Petersburg“, marine and freshwater areas 







• Ecological politics of any country is aimed to supply its 
population with good quality drinking water and to 
preserve waters of rivers, lakes and seas to be safe for 
human beings and animals.  


• One of the main problems concerning water bodies used 
for drinking water supply is the risk of sudden water 
quality impairment resulting from natural and 
technogenic catastrophes including terrorism. The level of 
ecological danger and economical loss due to such 
situations, accidents or actions highly depends on how 
fast a management decision could be made. That is why it 
is very important to develop and improve methods and 
tools for early warning toxicity assessment of emergency 
pollution levels dangerous for the environment and 
people.  







Today surface and ground waters, and 
particularly drinking water are subjected 
to permanent and rapidly increasing 
anthropogenic risk of sudden emergency 
pollution. The level of chemical danger and 
economical losses in such cases highly 
depends on how fast governing decision 
directed to its elimination could be made. 







Early warning systems (EWS) have been used in some European 
countries since the early 1970s initially by the drinking water 
industry to monitor the quality at their water intake points. It 
has been caused by very poor water quality of drinking water 
sources due to high loads of organic matter as well as by risk for 
the sources to be polluted due to accidental spills, ecological 
crimes and terrorism. It is clear that in case of serious pollution 
of the water sources the intake of water may have to be stopped 
for days to weeks, with a possible drinking water shortage as a 
result.  
For example, the fire accident at a storehouse of Sandoz plant 
near Basel in 1986 and subsequent spill of toxicants due to fire 
fighting water into the river Rhine led to the death of almost all 
living organisms along the river current for a distance up to 100 
km. It made all water managers very aware of such dangerous 
pollutions of drinking water sources. 







Number of days/year that the Holland drinking water 
company WRK (now Waternet) stopped/reduced water 
intake from the River Rhine at Nieuwegein (Holland) for 
the period 1969-2006 due to high pollution levels, 
confirmed by chemical analysis.  
Red line indicates the year 1998 when WRK started to use 
BEWS based on analysis of valves’ movements of bivalve 
mollusks. 







Assessment of chemical danger of surface water and 
particularly drinking water should be based on reliable 
and contemporary information. To provide it one needs 
careful selection of methods (real time desirable) for 
water quality monitoring as well as technologies for 
their performing. In Europe biological early warning 
systems are used at many transboundary rivers: 
Danube, Elbe, Meuse, Rhine both near the borders and 
other places along the rivers. In practice such BEWS 
involve fish, mollusks, invertebrates (Daphnia), algae 
or different combinations of these animals as primary 
(bio)sensors.  







Main purposes for monitoring systems based on 
BEWS and aimed at monitoring chemical-
toxicological danger of surface water sources of 
central water supply are:  


• To prevent people from contact with water contained 
dangerous substances;  


• To provide efficiency of water supply stations under 
existence of dangerous for human life levels of high toxic 
substances in water used for drinking water supply.  







Challenges for water quality monitoring: 
Physical-chemical monitoring: 
• can't provide reliable information about the level of     
danger of water pollution to health of a biota 
(including people); 
• does not take into account synergetic effect of 
pollutants;  
• often economically ineffective being used in the 
real time. 
Biomonitoring and bioindication: 
• does not provide information on type of hazardous 
contaminants; 
• cannot predict source and level of pollution. 







Nowadays for assessment of general water toxicity 
the main attention is paid to methods and 
technologies based on ecotoxicological biomarkers.  
 
Ecotoxicological biomarker  is a biochemical, 
cellular, physiological or behavioral variation that 
can be measured in tissue or body fluid samples or 
at the level of whole organisms that provides 
evidence of exposure to and/or effects of one or 
more pollutants (and/or radiation) (Depledge  et al., 1995).  
 







Economically and ecologically effective 
scheme of industrial monitoring of surface 


water sources of central water supply:  
 


Stage 1. Biological (based on physiological 
biomarkers) and physical-chemical (based on 
integral water quality characteristics) real-time 
monitoring. 


Stage  2.  Detailed analysis of water quality by 
chemical and biological methods. 


Stage 3. Assessment of obtained data for making 
governing decisions. 


 







To be an effective, wide-used and reliable part of a system for 
water quality and safety monitoring, an ideal integral early 
warning system (EWS) should satisfy the following conditions 
(EPA, 2005): 
to provide fast response; 
to be able to detect rather wide range of pollutants; 
to possess high level of automation including automated standardized 
probe sampling; 
to be cost effective for purchasing, maintenance and modernization; 
not to demand high qualification of personnel for training and 
maintenance;  
to identify a source of pollution and be able to predict locations and 
concentrations of pollutants along the water current from an 
observation station; 
to possess high sensitivity for detecting pollutants; 
to posses minimal probability of false alarm; 
to be reliable and strong being continuously used in water media; 
to posses remote control and adjustment; 
to provide 24/24h 7/7d operation; 
to support measurements, assessment and verification by third party. 







 
The greatest success in the development of biological 
methods and technologies for a real time monitoring of 
surface water quality has been achieved nowadays in a 
direction based on the non-invasive methods for 
measuring cardiac and behavioral responses of benthic 
shelled invertebrates (crayfish, crabs, mollusks) to 
changes in their habitat quality. BEWS to register these 
parameters are known as “bioelectronic systems”.  
 
The bioelectronic systems are information and 
measurement systems where animals are included in 
the primary transducers to be an integral part of the 
electronic system measuring physiological or 
behavioral biomarkers (Kholodkevich S.V., 2006). 







 
Modern Biological Early Warning Systems  (BEWS):  


 • Microtox (Microbics Corporation, California) and 
Toxcontrol Biomonitor 


• Algae Toximeter 
• Daphnia Toximeter 
• Fish Toximeter 
• CAPMON (Continuous Automated Permanent 


Monitoring) 
• MosselMonitor® 
• Fiber-optic bioelectronic system  


for on-line cardiac activity monitoring 







 
 


Scheme of a device for valve gape (VG) measurements, 
based on semi-conductor Hall sensors used in the systems 


MosselMonitor and Dreissena-Monitor 







 
Flow-through version of MosselMonitor system. 







 
16-channel system for simultaneous measurement of 


mollusk valve movements (16 mollusks) 







Mussels with attached sensors for valve gape 
and cardiac activity monitoring 







 
Example of deterioration in the functional state of Anodonta 


cygnea L. in 8 days of "work“ as test-organism of MosselMonitor 
 01.08.15
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Block-scheme of set up and automatic data processing. FP – 
photoplethysmograph, ADC – analog-to-digital converter, PC – 
portable computer, CI – cardiac interval, DF – digital filter, DA – 
distribution analysis, HR – heart rate, SD – standard deviation. 
Main mathematical characteristics of cardiac interval sample (no 
less 50-100).  







Astacus leptodactylus with the fixed sensor (1) and the 
fiber-optic cable (2). 







A Photograph of the first System for Industrial Biological Water Quality 
Monitoring (SIBWQM) set up at water supply station (Deсember, 2005).. 







Working moment of an operational maintenance of modern 
bioelectronic system of monitoring of water toxicity of water sources 
of central water supply (March, 2016) 
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Stress induced by high-toxic chemical agent evoking 
inhibition of cholinesterase activity in animals 







An example of heart rate and stress index changes initiated by 
chlorinated water income to the Neva river water. 







Since 2006 all waterworks in St.Petersburg are 
equipped with the Water supply security system 
(WSSS) for toxic substances detection to ensure: 


• - toxic substances timely detection and indication in 
water supply facilities’ untreated drinking water, 


• - implementation of emergency measures to provide safe 
water supply for citizens in case of toxic substances 
detection in untreated drinking water, 


• - protective measures for water treatment facilities stuff 
against toxic substances.  







Elements of the WSSS include: 


• - stations for industrial biological water quality 
monitoring (SIBWQM);  


• - automated station for permanent monitoring some 
phisical-chemical parameters;  


• - sorption removal of toxic substances from the water 
using powder sorbents and their feed systems;  


• - conducting rapid semi-quantitative analysis of toxic 
substances at specially-equipped chemical and 
bacteriological laboratories; 


• - water emergency sampling  and analysis at authorized 
organizations when detecting dangerous contamination 
level for waterworks intake water.  







Functional purpose of automated station for 
permanent monitoring some physical-chemical 
parameters is the automatic search of reasons of 
SIBWQM false operation, associated with hopping 
variation of  the following parameters, which are 
recorded and transmitted: 
- temperature of water, 
- water turbidity (FTU units), 
- electrical conduction of water, 
- water pH, 
- ammonia nitrogen concentration in water, 
- nitrate ions concentration in water, 
- chloride ions concentration in water, 
- water optical density, wavelength 254 nm, 
- acoustic noise and vibration near biomonitoring station. 







Scheme of the system of water supply and security in Main Unitary 
Enterprises “Vodokanal St.-Petersburg in the case of toxicity danger 
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Waterworks operation algorithm in case of toxic substances 
detection in the water at water supply facilities: 
- real-time detection of the toxic substance in the water of water supply facilities 
using bioelectronic system for permanent automatic bioindication of the water 
quality; 
- automatic water sampling in fist lift pumping stations when a signal on the 
toxicological hazard in the water source is received; 
- emergency delivery and analysis of the samples in the chemical and 
bacteriological laboratories of waterworks  and authorized organizations to 
determine the origin and approximate concentration of toxic substances in the 
water of the first lift pumping station; 
- interrupt water supply from the first lift pumping station to the treatment 
facilities while simultaneous feeding powder sorbent  into the wells at first lift 
pumping stations to remove toxic substances as well as making decision for the 
possibility to supply city from the reservoirs of treated water;  
- water sampling and analysis of toxic substances in the chemical and 
bacteriological laboratories of waterworks and authorized organizations for the 
above-mentioned locations with 1 hour periodicity for each sampling point; 
- in case of negative result of the water samples analysis for the detected substance 
at least in two successive samples - the resumption of the water supply from the 
first lift pumping station to the treatment facilities. 







Typical dynamic of hear rate of crayfish in healthy state 
during 22 days of permanent cardiac monitoring 
 
The program was developed for permanent real time self-
diagnosis of biosensor of systems SPBMWQ based on crayfish 
circadian rhythm in heart rate analysis. The significance of the 
assessment of water quality was increased in water supply 
stations and significant simplicity of its exploitation was 
achieved. 







Results of analysis of parameters of treated sewage waters 
 in Northern Aeration Station in St-Petersburg Vodokanal 


 







     


Bioelectronic system for ecological monitoring of 
areas based on analysis in real time of functional state 
of macrobenthic invertebrates 


   Applications: 
 
• Water supply 


stations; 
• Control of treated 


sewage waters; 
• Aquaculture; 
• Ecological 


monitoring of 
surface waters and 
bottom sediments 
in oil and gas 
industrial zones in 
offshore  etc. 


Deployment opportunities (artistic view) 







Control & battery 
canister  


Acustic modem /  
cable communication 


Physical &  
Chemical sensors 


Sensor Cage Unit  


(SCU) 


Biological sensors (instrumented organisms) 







 
Area  of applications of  BEWSs:  


 
• ecological monitoring of surface waters and 


bottom sediments; 
• aquaculture; 
• drinking water supply stations;  
• sewage waste water control;  
• oil and gas industrial zones; 
• and others.   
 







Perspectives of future development 
 of technology in concern with BEWSs  


1. The successful implementation of BEWSs depends on 
following main factors: 


 
- low price of the complete system, with a rapid  response 
time of contaminants detection and high accuracy; 
- easy operation and low maintenance cost;  
- broad application of BEWS with high sensitivity;  
- correct test organism selection.  
 







2. Extensive effort is still needed to further develop the 
system, due to the difficulty associated with data handling, 
advanced processing, analysis, and the selection of relevant 
bioindicators for monitoring of the surface water quality.  
 
3. BEWSs are cost-effective devices compared to the 
standard physico-chemical monitoring systems and have 
great potential for detecting a wide range of toxicants, such 
as heavy metals, pesticides, and organic toxicants, within a 
short timeframe, despite some limitations. In particular, 
BEWSs cannot provide qualitative or quantitative 
information about the chemicals. Therefore, it is necessary 
to seek for creation optimum of the integrated BEWSs and 
chemical monitoring systems. 







 
CONCLUSIONS 


 


Bioelectronic system for chemical danger assessment of 
surface waters based on analysis of cardiac activity and 
behavior of benthic invertebrates was created.   
 
Ecologically and economically effective bioelectronic 
scheme of  water quality monitoring was developed. 
 
Experience of the 11-years of exploitation of this 
technology and systems in 9 water supply stations of St-
Petersburg (each with daily water consumption more than  
300000 м3), as well as in effluent of Southern East 
Treatment Station, demonstrated effectiveness of its usage 
for water quality control and for the assessment of treated 
sewage waters going to the Neva Bay.  







Presently D.I. Mendeleyev Institute for Metrology 
(VNIIM) is in the final stage  of the work on development 
of metrological assurance and testing of developed by us 
bio-electronic system “BioArgus-W”. 
The subject of that work is certification of the type of 
fiber-optic bio-electronic system “BioArgus-W” with the 
metrological self-control to measure the heart rate of 
invertebrates. 
Based on the system “BioArgus-W” we developed the 
systems and technologies for monitoring the degree of 
biological hazard of natural and treated wastewater by 
measuring  and analysis of a cardiac rhythm and 
functional state of crayfish. 







Thank you for 
your 


attention! 







В.М. Бахир 
 


Выступление на водном форуме БРИКС 
 
1. Уважаемые дамы и господа! Разрешите представить Вашему вниманию одну из 
технологий, разрабатываемых предприятиями образованного в начале 2016 года 
инновационного промышленного кластера «РОСЭЛЕКТРОХИМИНДУСТРИЯ». 
 
2. Любая система водоподготовки питьевой воды для большой группы людей  
включает одну или несколько стадий обеззараживания, в процессе которых 
желательно не только уничтожить микроорганизмы различных видов и форм, но 
также, по возможности, удалить ионы двухвалентного железа и марганца, 
окислить органические вещества, в том числе ПАВ, гербициды и др.  
 
3. Известны семь основных требований к обеззараживающему агенту, а также 
оборудованию для его производства на месте применения: Эффективность, 
Безопасность, Экономичность, Удобство применения, Последействие, Низкая 
концентрация побочных продуктов, Функция удаления биопленок. 
Ни один из традиционных, хорошо известных и широко применяемых методов и 
реагентов не обладает в полной мере необходимыми качествами. Основным 
камнем преткновения на пути превращения воды в безопасную для питья 
жидкость являются все-таки микроорганизмы, феноменальная жизнеспособность 
которых растет гораздо быстрее, чем методы борьбы с ними, разрабатываемые 
человеком.  
 
4. Посмотрим как с этим вопросом справляется Природа. Природа использует 
четыре элемента – водород, кислород, хлор и натрий и с помощью клеток 
имунной системы – фагоцитов – генерирует из этих элементов смесь оксидантов, 
против которых микроорганизмы бессильны. Они очень быстро вырабатывают 
адаптивные реакции к моновеществам, но не в силах противостоять 
метастабильной смеси оксидантов, также, как и пламени или солнечному свету. 
Они не смогли выработать адаптивных реакций к этой смеси за весь период 
существования многоклеточных живых существ на Земле. То есть, за миллионы 
лет. Человек использует эти же элементы, но, как видно из приведенного 
уравнения – весьма примитивно.  
 
5. На рисунке показано устройство, которое приближает нас к технологиям, 
придуманным Природой. Проточный электрохимический модульный элемент ПЭМ 
с керамической диафрагмой, которая обретает свойства ионселективной 
перегородки благодаря особой технологии применения в электрохимической 
системе генерирует смесь оксидантов идентичную той, которую вырабатывают 
фагоциты человека и животных.  
 
6.  Элементы ПЭМ широко применяются в установках СТЭЛ для синтеза 
электрохимически активированного раствора оксидантов, называемого анолитом 
АНК. Такими установками оснащены все госпитали Москвы. С-Пб, других городов. 
Всего в период 1995 – 2015 было произведено и смонтировано более 50 000 
установок СТЭЛ.  
Этот раствор отвечает всем семи требованиям, перечисленным выше и имеет 
соответствующие сертификаты России, Германии, США, многих других стран.  
 







7. Мемориальным Институтом BATTELLE (USA), который является научным 
партнером Института Электрохимических Систем и Технологий, совместно с 
коллективом автором в 2000 году разработана установка типа СТЭЛ для 
получения раствора оксидантов – анолита АНК. Назначение этой установки – 
производство анолита в полевых условиях для дегазации, дезактивации и 
дезинфекционной обработки снаряжения и личного состава отрядов морских 
пехотинцев, вышедших из зоны бактериологического или химического заражения.  
 
8. В данном фрагменте отчета Института показаны результаты испытаний 
установки. Cпециалистами Мемориального Института «Battelle» (США) 
установлено: споры сибирской язвы погибают в 0,5 %-ном растворе гипохлорита 
натрия за 30 минут, а в 0,035%-ном анолите АНК (при концентрации АДВ в 15 раз 
меньшей) – менее, чем за одну  секунду.  
 
9. Анолит АНК в виде аэрозоля применяется при обработке РЧВ объемом до 10 
000 куб. метров, что позволяет обеспечить экономию до 500 тысяч рублей за счет 
сокращения времени и реагентов и обеспечения экологической чистоты процесса. 
  
10. Более мощными системами для производства раствора оксидантов являются 
установки АКВАХЛОР. Эти установки производят на месте использования хлор и 
каустическую соду из раствора хлорида натрия. При вводе влажного хлора, 
насыщенного продуктами анодного окисления (диоксидом хлора, озоном, 
перекисью водорода, синглетным кислородом и другими) в протекающую воду, 
образуется раствор оксидантов. Раствор оксидантов обладает существенным 
преимуществом перед обычной хлорной водой за счет смеси оксидантов, которая 
в нем содержится. Жидкий хлор из баллонов и контейнеров является 
моновеществом, поэтому менее эффективен. 
Всего к настоящему моменту изготовлено более 5 000 установок АКВАХЛОР 
различной производительности. Многие из них работают на предприятиях 
водоснабжения и водоотведения в течение более 10 лет в непрерывном режиме.  
 
11. Многими российскими и зарубежными научными организациями установлена 
более высокая эффективность раствора оксидантов при обеззараживании 
питьевой воды и сточных вод, уничтожении биопленок при одновременном крайне 
малом образовании побочных продуктов хлорирования в сравнении с хлором. 
Здесь приведены данные экспериментальных исследований, выполненные 
компанией МОНСАНТО. 
 
12. На основе совокупности данных многочисленных исследований установлено, 
что раствор оксидантов свободен от недостатков аналогов, приведенных в 
таблице и отвечает всем требованиям эффективности и безопасности.  
 
13. В 2011 году разработаны модульные электрохимические элементы третьего 
поколения, различной производительности по хлору. В частности, с помощью 
установок с этими элементами производится хлор в количестве 2 кг/час на каждой 
из установок и каустическая сода, образующие в специальном устройстве при 
смешивании раствор гипохлорита натрия концентрацией 120 г/л. В отличие от 
известных процессов получения хлора под вакуумом (ртутного, диафрагменного, 
мембранного) в установках с элементами МБ реализован процесс получения 
хлора под давлением, что позволяет при гораздо меньших габаритах и весе 
совершенно безопасного в эксплуатации оборудования получать хлор и 







каустическую соду в местах использования из поваренной соли и воды любого 
качества. При этом отпадает необходимость в строительстве заводов по 
производству, сжижению и транспортировке хлора. Цех производительностью 100 
кг хлора в час (2,4 тонны хлора в сутки) имеет размеры 10 х 12 метров.  
  
14. В конце 2015 – начале 2016 года, в организационной структуре работы в 
составе инновационного промышленного кластера 
РОСЭЛЕКТРОХИМИНДУСТРИЯ,  завершилась работа по созданию нового, 
четвертого поколения электрохимических реакторов. Удельная 
производительность электрохимических элементов нового поколения возросла в 
3 – 5 раз за счет оригинальных конструктивных и технологических решений. При 
анодной плотности тока 3000 А/кв.м. напряжение не превышает 3,8 вольт.  
Установка АКВАХЛОР производительностью 3 кг хлора в час с элементами нового 
поколения занимает места меньше, чем установка АКВАХЛОР-500М 
производительностью 0,5 кг/час, позволяет производить хлор под давлением до 6 
атмосфер, что открывает возможность сжижения хлора без компрессии 
(проверено экспериментально).    
 
16. Таким образом, производительность установок АКВАХЛОР в 2016 году (на 
модульных электрохимических элементах четвертого поколения), отнесенная к 
занятой ими площади производственного помещения, достигла 220 кг/сутки х кв. м. 
и, возможно, продолжит далее эту тенденцию.  
 







Установки АКВАХЛОР: принципиально новая 
техника, инновационная технология 


обеззараживания и очистки воды 
 


AQUACHLOR: a fundamentally new technology for water 
purification and disinfection 


 
д.т.н., проф. Бахир В.М. 


ЗАО «Институт электрохимических систем и технологий»  
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Municipal Water Treatment 







Разрешенные к 
применению 


агенты 


Основные преимущества и недостатки 


Эффек-
тивность 


Безопас-
ность 


Экономич-
ность 


Удобство 
применения 


Последей-
ствие 


Низкая 
концентрация 


побочных 
продуктов 


Уничтоже-
ние 


биопленок 


Газообразный 
хлор Да Нет Да Нет Да Нет Нет 


Гипохлорит 
натрия Да Да Нет Нет Да Нет Нет 


Гипохлорит 
кальция Да Да Нет Нет Да Нет Нет 


Диоксид хлора Да Нет Нет Нет Да Да Нет 


Озон Да Да Нет Нет Нет Да Нет 


Ультрафиолет Да Да Нет Да Нет Да Нет 


Agents authorized 
for use 


Main advantages and disadvantages 


Efficacy Safety Economy Usability Aftereffect 
Low 


concentration of 
by-products 


Biofilm 
destruction 


Gaseous chlorine Yes No Yes No Yes No No 


Sodium 
hypochlorite  Yes Yes No No Yes No No 


Calcium 
hypochlorite Yes Yes No No Yes No No 


Chlorine dioxide Yes No No No Yes Yes No 


Ozone Yes Yes No No No Yes No 


Ultraviolet  Yes Yes No Yes No Yes No 


Сравнение свойств агентов для обеззараживания воды 
Comparison of the reagents properties for water disinfection 







H; O; 
Na; Cl  


Blood plasma 
Sodium 


hypochlorite 
solution 


Материя живая и мертвая в борьбе с микробами.  
         Living and dead matter as antimicrobial substances. 


Regulation of biocidal activity By syntesing of  
H2O2  and  HOCl By pH changing 


NaOCl + H2O ↔ NaOH + HOСl  


SAFETY EFFICASY 


NOT SAFETY and EFFICASY 







Some chemical reactions possible at electrochemical treatment of drinking 
water 


Anodic reactions Cathodic reactions 


2H2O − 4e → 4H+ + O2 2H2O  + 2e  →  H2 + 2OH− 
2H2O − 2e → 2H+  + H2O2 О2 + е → О2


− 
O2  + Н2О − 2e  →   O3 + 2 Н+ О2  + Н2О + 2е  → НО2


− + ОН− 
OH− − e →  HO• НО2


− + Н2О + е  → HO• + 2ОН− 
3H2O − 6e → O3 + 6H+ О2  + 2 Н+ + 2е  → Н2О2 


O2  +  2OH− − 3e  →   O3 + H2O ecathode +  Н2О → еaq 
Н2О  −  е  → HO•  +  Н+ Н+ + еaq → H• 


Н2О2  −  е   →    НО2
•   +  Н+ Н2О + еaq  → H• + ОН− 


3OH− − 2e → НО2
− + Н2О CO32−  + 6Н+ + 4е  →  HCHO + Н2О  


H2O  −  2e   →   2H+   +   O• CO32− + 8Н+ + 6е  →  CH3OH + 2Н2О 
H2O  −  e   →   H+   +   OH• 2CO32− + 4Н+ + 2е  → C2O42− + 2Н2О 
3OH− − 2e → HO2


−  + H2O 2CO2 + 2Н+ + 2е  → Н2C2О4 
2Cl− − 2e → Cl2 CO2 + 2Н+ + 2е  → НCОOH 


Cl− + H2O  − 2e → HClO + H+ CO32− +2 Н2О + 2е → HCO2
− + 3ОН− 


Cl−+ 2 Н2О − 4e → HClO2 + 3Н+ 2SO42−+ 5H2O+8e →S2O32− + 10OH− 
HCl + 2H2O  − 5e → ClO2 + 5H+ 2SO42−+ 4Н+ + 2е  → S2O62− + 2Н2О 


Cl−+ 4OH− − 4e → ClO3
− +2 Н2О SO42−+ 4H2O + 2e → SO32− + 2OH− 


Cl−+ 4OH− − 5e → ClO2 +2 Н2О SO42−+ 4 Н+ + 2e → H2SO3 + Н2О 
Cl−+ 2OH− − 2e → ClO− + Н2О NO3


−  + 5H2O+6e → NH2OH + 7ОН− 
Cl−+ 2H2O − 5e → ClO2 +4 Н+ 2NO3


−  + 2H2O+4e → N2O42− + 4ОН− 
2SO42− − 2e → S2O82− N2 + 5H+ + 4e → N2H5


+ 
2H2CO32− − 2e → C2O62− + 4H+   Fe2+  + 2e  →  Fe 


 
 


Products of electrochemical reactions in FEM-MB elements 


Products of electrochemical decomposition of deluted sodium cloride solutions: 
HOCl; H2O2; ClOˉ; НO• ; OHˉ; НО2ˉ; НО2


• ; HO2; HO2ˉ ; 1О2 ; О2
• ; O2ˉ; O3; O3ˉ; H2Oˉ; 


 H3O2
+;  O • ; H3O+ ; ClO• ; Cl• ; ClO2  


The efficiency of electrochemical action in FEM-MB elements is 
determined by appearance of self-organizing dissipative liquid flow 
structures in electrode chambers, providing an intensification of 
processes of mass transfer and charge. 







 STEL devices for hospitals 


STEL type devices was produced  more than  
50 000 from 1995 to 2015  


Efficacy 
Safety 
Economy 
Usability 
AfterEffect   
Low concentration 
of by-products 
Biofilm destruction 







ANK anolyte produced by special-
purpose STEL device (2500 liters 
per hour, packaged modification) is 
used as basic solution for 
decontamination and disinfection of 
staff and equipment leaving zones 
of bacteriological or chemical 
contamination.  
 
Tests by experts of Battelle 
Memorial Institute (USA) at Atlanta 
proving ground, 2001   


Tent for decontamination of 
staff with ANK anolyte 







Фрагмент научного отчета Мемориального  Института “Battelle”, США  


5.2 Phase I - JS-1 BL2/3 Laboratory., Anthrax Decontamination Efficacy 
For all of the time periods sampled (T=0, 15 minutes, and 30 minutes), no growth was 


found on the agar plates at any of the three test concentrations (350 ppm, 100 ppm, 
and 3500 ppm) of ECASOL. This indicted direct and rapid killing of 8. anthracis at all 
three test concentrations. The 0.5% NaCIO at T=0 minutes showed confluent growth 
of the test organism. After 15 minutes the number of viable colonies were markedly 
reduced, indicating that 0.5% NaCIO was killing the spores.  Following 30 minutes of 
contact, there was no evidence of viable spores. The negative control, distilled water, 
showed confluent growth on all direct plates for the three times indicating there was no 
bactericidal effect with distilled water over time. These plates were used to determine 
that the spiking titer of the organism in each of the test reactions was 8.4 x 107 colony 
forming units of B. anthracis spores/ml. 


All three test concentrations of ECASOL, 350 ppm, 1000 ppm, and 3500 ppm, directly 
and immediately killed spores of B. anthracis. This was demonstrated at 
T=0, 15 minutes, and 30 minutes. The 0.5% NaCIO required approximately 15 
minutes before evidence of bactericidal activity was noted, but by 30 minutes the 
spiked sample was devoid of any viable organisms. The distilled water did not kill any 
of the spores over time, as was expected. See Appendix E for actual test results. 


Суть выделенных мест: раствор гипохлорита натрия концентрацией 5 г/л 
убивает (неполностью) споры сибирской язвы за 30 минут, в то время, как 
анолит АНК с концентрацией действующих веществ 350 мг/л (в 14 раз меньшей) 
убивает споры сибирской язвы (полностью) практически мгновенно.  







Device for anolyte production: 
- productivity of anolyte – 500 l/h; 
- oxidants concentration of anolyte – no more 
than 500 mg/l; 
- volume of storage tank – 4 m3; 
Mobile aerosol system MAK-1: 
- productivity of pump of high pressure – 250 
l/h; 
- maximal pressure – 250 bar; 
- tank for anolyte – 4 m3; 
- power – 7,5 kW; 
- remote control. 


Aerosol disinfection allows to decrease treatment 
time of pure water tank in a few times under 
environmental compliance and safety for 
personnel. Economic effect of aerosol disinfection 
of anolyte in comparison with traditional method is 
up to 50 rubles to 1 m3 of pure water tank volume. 


Aerosol disinfection of pure water tanks 


Anolyte ANK SUPER 


1 – pneumatic ejector 
2 – pressure tank of anolyte 
3 - compressor 


air pipeline 
anolyte pipeline 







Each modular complex of 4 AQUACHLOR-500 devices is connected with separate 
insertion point of oxidants to dose it into disinfected water. “VolskVodokanal”, 2006 


Efficacy  Safety  Economy  Usability  AfterEffect  Low concentration of by-products  Biofilm destruction 







Тип загрязнений Уровень 
загрязнений в 
тестируемой 


воде, мг/л 


Уровень 
загрязнений в 


воде через 1 час 
после ввода 


раствора 
оксидантов (3 


мг/л) 


Уровень 
снижения, % 


Malathion (PPM) 0,72 0,01 98,8 


Parathion (PPM) 0,17 0,01 94,1 


Fenitrotion (PPM) 0,11 0,02 81,8 


Diazinon (PPM) 0,07 ND 100 


1,1,1-trichloroethylene    (PPM) 0,32 0,03 90,6 


Trichloroethylene (PPM) 0,09 0,02 77,8 


Tetrachloroethylene(PPM) 0,03 ND 100 


Cabaryl (PPM) 0,22 0,01 95,5 


Phenol (PPM) 0,02 0,01 50 


Total trihalomethane      (PPM) 0,33 0,01 97 


Влияние раствора оксидантов из установок АКВАХЛОР на 
содержание в воде органических соединений 


Исследования выполнены в компании Monsanto, USA, 1997.  







Agents authorized 
for use 


Main advantages and disadvantages 


Efficacy Safety Economy Usability Aftereffect 
Low 


concentration of 
by-products 


Biofilm 
destruction 


Oxidants mixture 
(AQUACHLOR) Yes Yes Yes Yes Yes Yes Yes 


Gaseous chlorine Yes No Yes No Yes No No 


Sodium 
hypochlorite  Yes Yes No No Yes No No 


Calcium 
hypochlorite Yes Yes No No Yes No No 


Chlorine dioxide Yes No No No Yes Yes No 


Ozone Yes Yes No No No Yes No 


Ultraviolet  Yes Yes No Yes No Yes No 


Разрешенные к 
применению 


агенты 


Основные преимущества и недостатки 


Эффектив-
ность 


Безопас-
ность 


Эконо-
мичность 


Удобство 
приме-
нения 


После-
действие 


Низкая 
концентрация 


побочных 
продуктов 


Уничтожение 
биопленок 


 Оксиданты 
(АКВАХЛОР) Да Да Да Да Да Да Да 


Газообразный 
хлор Да Нет Да Нет Да Нет Нет 


Гипохлорит 
натрия Да Да Нет Нет Да Нет Нет 


Гипохлорит 
кальция Да Да Нет Нет Да Нет Нет 


Диоксид хлора Да Нет Нет Нет Да Да Нет 


Озон Да Да Нет Нет Нет Да Нет 


Ультрафиолет Да Да Нет Да Нет Да Нет 


Сравнение свойств агентов для обеззараживания воды 
Comparison of the reagents properties for water disinfection 







AQUACHLOR-2000M for  chlorine producing – 2 kg per hour each device 
 EFF  SAF  ECO  UAB  







 AQUACHLOR-3000;  Production of chlorine: 3 kg/h; 
Production of caustic soda: 3.4 kg/h; 
Exit catholyte (18% aqueous solution of NaOH): 19 l/h; 
Power consumption: 10 kW; 
Nominal power source options; 
Amperage-2400; Voltage-4.4; Dimensions (LxWxH): 1750x600x400 mm; 
Weight: 95 kg. The consumption of salt (sodium chloride): 5.4 kg/h; 
The consumption of salt in solution (270-300 g/l): 18-20 l/h Provides 
disinfection to 72  000 m3 of water per day  
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Основная задача предприятий 
кластера 


РОСЭЛЕКТРОХИМИНДУСТРИЯ:  
необходимые для технологических процессов 


химически активные реагенты синтезировать на 
месте их применения, исключая тем самым 


транспортировку и хранение опасных веществ.  
The main objective of the cluster enterprises  


RusElectroChem Industry: 
chemically active agents which is necessary for the 
different kind of technological processes must be 


synthesize at the site of application, thereby 
eliminating the storage and transportation of 


dangerous substances. 







Thank you for your attention! 


vitold@bakhir.ru 


Efficacy 
Safety 
Economy 
Usability 
AfterEffect   
Low concentration 
of by-products 
Biofilm destruction 
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One of  the urgent problems of  hydrology is the problem of  sustainable use of  water 
resources, especially in conditions of  the observed changes in climate. A large part of  
modern research on the subject, due to the problem of  fresh water scarcity, repeatability 
and scale of  dangerous hydrological events, is devoted to estimation of  river flow variability. 
Meanwhile, certain amounts of  fresh water are contained in lakes, not only in the largest 
(Baykal, etc.), but also in much smaller ones. For example, in Altai Krai there are more than 
11,000 lakes, most of  which have an area under 1 km2. These water bodies are widely used 
for commercial and recreational purposes. Especially should be mentioned their water and 
biological resources. The study of  the formation of  the level regime of  such lake systems, 
forecast of  its short-term (seasonal and inter-annual) and long-term variability is a major 
challenge in the management of  water regime.


.


LAKE KRASYLOVSKOE
A successful solution to many hydrological problems requires the development of  new 
hardware and methodological tools for research of  conditions of  water volume formation, 
computational and forecasting schemes. Creating a continuous series of  data on the state of  
water bodies catchments allows to identify the factors determining changes in the water 
regime of  lakes, increase the accuracy of  calculations and forecasts. The modern theory and 
practice of  hydrological forecasts have an extensive arsenal of  tools necessary to develop 
methods of  short- and long-term statistical estimation of  changes in the water level in water 
bodies in various environmental conditions. However, the continuation of  such research is 
required, particularly in relation to small and medium-sized inland lakes of  Russia’s 
hinterland. For comprehensive monitoring of  the atmosphere and water bodies in IMCES 
SB RAS (Tomsk) under the direction of  V.V. Zuev was created an automated multi-channel 
measurement system “АПИК”, which allows to receive information in offline mode about 
meteorological parameters of  the atmosphere, hydro-physical characteristics of  the lake and 
ground water. The staff  of  the Laboratory for monitoring geosphere-biosphere processes 
of  ASU, together with IMCES and IWEP SB RAS, carries out the collection of  empirical 
data by accumulating data in a specialized database.


DYNAMICS OF THE LEVEL REGIME OF SMALL AND MEDIUM-SIZED RUSSIA’S 
HINTERLAND CLOSED LAKES IN THE CONDITIONS OF CLIMATE CHANGE 


(ON THE EXAMPLE OF LAKE KRASYLOVSKOE OF ALTAI KRAI)
Zuev V.V.1, Zueva N.E.1, Sutorikhin I.A.2,3, Kharlamova N.F.3, Kurakov S.A.1, Yankovskaya U.I.2


Mathematical models were constructed with the use of  statistical techniques and 
methods of  the theory of  stochastic differential equations. Parameter estimation of  the 
asymptotic behavior of  distributions in the field of  extreme values   of  the 
corresponding quantities and power spectra of  fluctuations was conducted by methods 
of  linear regression of  functionally transformed empirical distributions and spectral 
dependencies. The same method was used to measure the degree of  compliance of  the 
empirical distribution of  the proposed approximation. Calculation of  the forecast of  
the raising water level in the lake was made on the basis of  the water balance equation.


The average daily amount of  data is liquid precipitation, snow depth, 
water level above hydrostatic sensor in 2013-2014.


The time course of  the average daily soil temperature
and air temperature at a height of  2 m above the ground surface
in 2013-2014.


Scientific results
For the catchment area of    closed lake Krasylovskoe of  Altai Krai the dynamics of  the 
factors in the contrast level regime in 2014 and 2015 was studied. For example, it was 
found that in the spring of  2014 the significant speed of  the lake water level rise, 
despite the reduced maximum snow after the winter with little snow, was determined 
by the conditions of  the thermal regime of  the autumn-winter period, and soil 
condition. Intensive accelerated runoff  of  melt water into the lake occurred due to the 
formation of  the ice "locking" layer of  soil to depth of  30 cm, preventing the 
infiltration of  melt water into the deeper layers, and the development of  groundwater 
flow. A similar analysis of  the dynamics of  factors determining the flow of  water 
during the spring melt makes it possible to improve the accuracy of  the forecast of  
water content of  closed lakes for regions with insufficient hydration or long-term trend 
of  moister reduction.
The regularities of  seasonal and interannual changes in level regime of  the studied 
model lake were identified. Based on the created database of  meteorological 
observations were calculated the components of  the water balance of  a closed lake 
with a small watershed. The study of  contrasting conditions for the formation of  the 
spring surface runoff  showed a significant role of  the thermal regime and the freezing 
depth of  soil during the autumn-winter period and the period of  snow melting.


The average daily amount of  data is liquid precipitation, snow 
depth, water level above hydrostatic sensor 2014-2015.


1 Institute of  Monitoring of  Climatic and Ecological Systems (IMCES 
SB RAS, Tomsk), 2Institute of  Water and Ecological Problems (IWEP 
SB RAS, Barnaul), 3Altai State University (ASU, Barnaul)


The time course of  the average daily soil temperature and air 
temperature at a height of  2 m above the ground surface in 2014-
2015
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The 2013 summer flood in the Amur River basin was one of  the 
strongest during the period of  instrumental observations.  
Statistical characteristics of  moving precipitation sums for different  
time periods in the Amur River basin are investigated.  


The data 
The data of  precipitation observations from 27 Chinese and 42 
Russian weather stations are used. The length of  the time-series is 
26-39 years for Chinese weather stations, and 48-128 years for the 
Russian ones. 
Daily precipitation for the summer months (May-September) from 
the beginning of  observations till 2013 is analyzed. 
For each of  the weather stations and for all years of  observation, 
maximal moving precipitation sums for the different time periods: 1, 
2, 3, 5, 7, 10 and 30 days – were calculated. 
Probability curves of  maximal precipitation sums for the two 
periods -   7 and 30 days – are built, and statistical characteristics of  
them are estimated. 


Precipitation in the Amur River Basin in Summer 2013 
Bolgov M.V., Trubetskova M.D., Filippova I.A., Kharlamov M.A. 


Spatial distribution of  probability values of  maximal precipitation 
sums for 7 days period in 1984 and 2013 do not differ principally. In 
both cases, the areas of  extreme precipitation with less than 10% 
probability were rather small in size and disconnected. As for the 30-
day period, in 2013 precipitation of  less than 10% probability 
covered the whole central part of  the basin. In 1984, these regions 
were significantly smaller in size. 
Thus, the main peculiarity of  extreme precipitation in summer 2013 
on the territory of  the Amur basin is the following: the rain covered 
a very large area and lasted for a long time, although its intensity for 
the periods from 1 to 7 days had the average probability. 
Conclusions: to estimate the amount of  precipitation leading to the 
formation of  severe flooding on rivers with large catchment, it is 
necessary to consider the summation periods of  precipitation for not 
less than 7-10 days. 


The parameters of  probability curves for maximum moving precipitation sum on 
a number of  weather stations in the Amur basin 


 


 


 


 


 


 


Cv – coefficient of  variability, Cs - skewness 


Interannual variation of  the absolute maximum annual precipitation on 
weather stations of  the Amur basin 


According to the diagrams, summer 2013 maximal precipitation 
sums for relatively short time periods (1-7 days) did not make 
absolute maximum for the observation period on any weather 
station in the Amur basin.  Thus, precipitation in 2013 was not 
extreme in terms of  its intensity during these periods. 


The probability of  maximal summer moving precipitation sums in 
1984 and 2013 for the time periods of: a –7 days, б –30 days 


Statistical characteristics of  extreme precipitation in 2013 were 
compared with those in 1984 – the year when the flood also 
occurred on the Amur River, but it was less severe. 








Global Water Trends 
 


A Horizon Scanning & Foresight study  
on Water Resources 


Dr. Ozcan Saritas 
 


osaritas@hse.ru 
National Research University Higher School of Economics 



mailto:osaritas@hse.ru

mailto:osaritas@hse.ru





2 


Horizon Scanning: Demand & Supply driven 
trend analysis 


Aim: identification of key SEETPV trends in the water sector with long-term high impact on global and 
domestic economies 


Information and Communication Technology 
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Medicine and Healthcare 


Biotechnology 
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Scope of the study 


• Consider trends, drivers and uncertainties in water supply, 
demand, use and re-use with a particular focus on: 
- Sustainability of water systems 
- Water use by households and industry 
- New water services and products 


• Explore emerging opportunities and threats for the future and 
assess their implications 


• Present strategies and actions with emerging technologies, 
applications, and new business models for water supply, transfer 
and use 
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Water resources: Mega trends 


Growing up: global water demand will increase by 55% in 2050 
(from the year 2000 level) 
 
Getting scarce: water consumption is linked to the increased 
population, migration, urbanization, industrialization, energy & food 
consumption trends 
 
Giving rise to: security problems with potential social, economic 
and political conflicts   
 
Gaining value: A basic human right, but water is becoming an 
expensive commodity as a finite and shared resource 
 
Going technological: Advancements in Science, Technology & 
Innovation, increasing public and private R&D to increase water 
supply capacity   
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Sustainability of Water Systems: 
Trends Climate change & water supply 


• Higher frequency of extreme weather cond.s 
(floods, droughts, tsunami) 


• Deterioration of hydraulic structures, siltation 
of reservoirs, industries and settlements near 
water resources 


• Negative impacts on water ecosystems due to 
fishery, agriculture, transport  


Un-balanced distribution of water 
resources 
• Increasing demand for water due to population 


and economic growth 
• Growing share of population without access to 


water and proper water disposal systems 
• Lack of effective inter-/national regulations and 


effective market institutions for an efficient 
allocation of water resources for countries 
(trans-boundary), industries and people 
communities 
 


Water management 
• Mismatch of groundwater use & 


replenishment 
• Insufficient wastewater treatment, 


including micro-pollutants (medical 
waste, cosmetics, dyes) 


• Lack of investments for infrastructure 
• Improved water management and 


decision making systems/models with the 
help of the ICTs, Big Data & Artificial 
Intelligence 
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Water use by households & industry 


Infrastructure  
• More sustainable balance at the 


Climate-Water-Energy-Agro 
systems 


• Developing and managing water 
and sanitation infrastructure 
constitutes an urgent and major 
challenge 


• Need for financial sources for  
renovating/upgrading supply 
infrastructure 


 
 


Saving & consumption 
• Large scale solutions: multi-functional 


dams, chemical covers, leak-proof 
puddles 


• Advancing industrial processes for more 
efficient water use 


• Increasing awareness of society for 
water conservation, and providing 
incentives for using/upgrading efficient 
household appliances 
 


Resources & Reuse 
• Global desalination technologies and markets 


are expanding (floating desalination, solar and 
nuclear options) 


• Treatment (UV and membranes versus 
chlorine and other chemicals)   


• Harvesting for the collection of runoff water – 
underground, surface, rainwater 
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New water products & services 


Institutions 
• Policy and strategy formulation, including advisory 


services to policy makers and development of 
strategies for policy implementation 


• Need for legal and policy assessment and 
enforcement mechanisms 


• Strengthening of institutions and organizations to 
improving management, efficiency and 
transparency 


• Strengthening human resources and technical 
skills 
 


Investment 
• Growing need for effective regulatory 


framework 
• New incentives and business models to 


open sector for investment and 
competition 


• New tariff regulation methods for water 
supply and wastewater disposal  


• Scale optimization of water supply 
enterprises (e.g. for operations in small 
settlements) 


• Advancement of public-private 
partnerships 
 


Innovation 
• A number of technologies: intelligent irrigation, self 


healing pipelines, smart metering, efficient machinery 
& appliances, water-free toilets 


• Innovation in water services: Pricing structure, 
regulation, access to capital 
 


 
 







Wild Cards 


9 


• Catastrophic contamination of drinking water (e.g., by fracking or 
radiation)  


• Exotic pollutants bypass water treatment (e.g., medicine, 
nanotech, pathogen)  


• Big ocean currents shift, changing climate & weather across 
continents 


• Society rejects cost to give or sustain clean water for everyone 
everywhere 


• “Back to basics:” demand drops for bottled water & virtual water-
intensive  products 


• “Hot” superpower war disrupts global trade, SDG investment & 
development aid 


• Hydrogen fuel cells’ proliferate, with pure water as byproduct 
• … 


 







End of presentation. 
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Purpose of  the study: justification of  the most representative 
indicators of  the water body pollution on the basis of  an 
information about the presence of  polycyclic aromatic hydrocarbons 
(PAHs) in it.


Specific of  PAH: priority for the control compounds
• Carcinogenic and mutagenic effects of  most PAHS → increased 


risks for the environmental objects
• Persistence in the environment
• Indicative properties: ratios of  PAHS concentrations allow to 


assess the possible source of  their emission into environment, the 
time of  the formation of  pollution and the stage of  its 
degradation


• Most representative reflection of  the essence of  the kinetics of  
the vertical and horizontal migration processes of  natural and 
anthropogenic flows of  substances


The basis of  the indication strategy - analyses of  their behavior in 
the components of  the water systems. Concentrations of  PAHs in 
the environments (incl. specific of  the “kinetic” and 
“thermodynamic” isomers) are largely due to their structure and to 
the specific of  the atomic-molecular connections 


Content of  the research:


Polycyclic aromatic hydrocarbons as an indicator 
of  the environmental state of  water bodies


Research results:
• formulated the basic requirements to the control of  PAHs in 


water bodies (and in the neighbor environments);
• identified the main problems of  the monitoring of  PAHs in the 


environments: imperfection of  the environmental regulation 
system (priority control of  the single PAH compound –
benzo[a]pyrene, low representative for many processes; absence 
of  the normative concentrations of  PAHs for most 
environments; problems of  analyses


• developed the target scenarios (models) of  the PAHs behavior in 
the system “atmospheric precipitation � soils � groundwater �
river runoff  � sediments”


Initial data: 
information of  the pollution of  water bodies (immediately water, particulate 


matter, bottom sediments) in different regions


• Data processing (multivariate methods)
• Identification of  the most informative characteristics of  the state of  water 


bodies (marker substances and their indicator ratios) 
• Interpretation of  the processes defining the development path
• Development of  the target scenarios (models) of  the PAHs behavior


Clarification of  PAHs migration and transformation patterns in the water 
bodies: analysis of  the information анализ on concentrations of  PAHs on the 
geochemical barriers. Defining of  the concentration coefficients of  PAHs in 


the neighbor environments (components of  water bodies)


Clarification of  the picture of  the PAHs fate 
Assessment of  the prospectivs of  the self-purification of  water bodies


2. Evaluation of  the interaction of  water masses with the sediments


1. Evaluation of  the near and far gain of  the technogenic pollution forms 
into the catchment area of  the water body and its identification


Opportunities for the solutions in water management


3. Assessment of  the stratification of  water masses and their interaction


4. Assessment of  the role of  the soil runoff  and soils as a biological filter


5. Assessment of  the self-purification and assimilatory potential of  the 
catchment areas and water bodies


6. Assessment and mapping of  the catchment areas and water bodies in the 
extreme situations; post-monitoring


7. Identification of  the pollution genesis, economic assessments, determining 
of  the responsible for the pollution, economic evaluations, pending damages
and consequences analysis


Contacts:
Contact person: Khaustov Aleksandr Petrovich
Peoples’ Friendship University of  Russia (RUDN University)
Tel.:  +7 903 275 57 91
E-mail: khaustov_ap@pfur.ru
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The object of  the research is the Karlutka River whose channel has 
organized water discharges of  stormwater and industrial sewage. The 
subject of  research are hydrological and hydrodynamic characteristics of  the 
river channel. The aim of  the research is to make the analysis of  conditions 
and processes of  dilution in the river. The objectives are: hydrometric work 
in the river channel, measurement of  the river velocity on the range line in 
the area of  organized sewage; calculation of  the valid expenses of  water; 
modeling of  processes of  sewage dilution in the river channel for 
determination of  a zone of  influence of  water discharges and the general 
zone of  pollution.


The studied river is located in the Udmurt Republic (Fig.1), its drainage 
basin occupies the North-Eastern part of   Izhevsk (Fig.2), entirely situated 
within the built-up part of  the city, so that the river is undergoing enormous 
development pressure. River Karlutka refers to small river systems (length 
12.4 km) with very weak mixing of  the wastewater in the riverbed (average 
annual water consumption  50% of   provision in the estuaries of  the channel 
does not exceed 0,2 m3/s).


Hydrometric and hydrological works are carried out on three alignments 
whose dispositions. The alignment No. 1 is placed near water discharges of  
the stormwater sewage, No. No. 2,3 alignment sare in the area of  industrial 
sewage (fig.3). 


Fig. 1. The Udmurt Republic
on the map of  Russia.


Fig.2. The location of  Karlutka
river on the map of  Izhevsk


Fig.3. A situational schematic map of     
the alignment dispositions of  hydrological and


hydrometric works  in the River Karlutka channel


Materials and methods of  the research.


The research of  conditions and processes of  the 
sewage dilution in the river channels 


The determinations of  surface and near-bottom speeds of  water current 
are carried out by a hydrometric micro revolving object ГМЦМ-1. Depths of  
the channel were measured by means of  a calibration hydrometer ГР-56М
(Fig.4). For determination of  areas of  influence of  sewage dilution  


the modeling of  processes is performed using  
the licensed program of  NPO Logus -
Zerkalo ++.
Hydrological and hydrometric studies were 
carried out in the riverbed during:
steady summer-autumn low-water flow in 2015;
winter low-water flow in 2016;
spring flood in 2016;
summer-autumn low-wate flow in 2016.


Fig.4. a hydrometric micro revolving object, 
a calibration hydrometer. 


According to the research cross sections of  the river bed Karlutka were 
built to study the alignments. The small area of  the river channel near the 
discharges of  stormwater aroused interest, due to the pronounced changes in 
the characteristics of  the river bed. The alignment below the water discharge 
was where the riverbed was more dynamic due to episodic discharges of  
surface runoff  and abrupt changes in the volumes of  discharged rain 
water(fig.5). 


Fig. 5.The width and depth of  the river Karlutka in different phases of  the water regime near the storm water discharge.
Characteristics of  the river bed was used to simulate the process of  


dilution of  sewage .As a result of  modeling of  dilution sewage, fields of  
concentration of  the following substances are obtained: ammonium ion,  oil 
products, nitrate ion,  chloride ion,  biologically oxidized organics (in terms of  
biochemical oxygen demand (BOD) ), sulfate ion,  suspended solids, nitrite 
ion. The greatest interest was the situation with the nitrite ion (Fig.6). 


fig. 6.  The content of  nitrites in the most polluted stream of  waters of  the River Karlutka


Conclusion.


•In the small area of    the river bed (1.0-1.2 km) the opposite situation can be 
simultaneously presented - in one area of  the channel  the drains, going out 
of  water discharge, assist decrease of  the river pollution, in another one, that 
is lower on the course of  the first discharge– it assists to its local increase. 


•Critical water quality indicators for which the background concentration has 
not been reached within 500 meters below the waste water discharges - BOD, 
nitrite ion, sulfate ion and suspended substances.


•Taking into account the hydrological characteristics of  the river and the 
revised calculation of  dilution of  wastewater it is necessary  to adjust 
departmental hydrochemical monitoring network on  Karlutka and move the 
control  alignment  of  hydrochemical monitoring from 500 to 20 meters 
downstream of  the water discharges.


Sewage dilution in waterways depends on joint action of two main 
groups of factors:


hydrological and hydrodynamic conditions of the 
rivers


morphometric
characteristics of a 
channel in the area 


of sewage -


width and depth of 
the course


hydraulic conditions of mixing 
of sewage with river waters –


the speed of a current and a 
roughness of the channel 


bottom.


constructive and technical characteristics of 
water discharges:


the alignment 
disposition 


relative to riverside 
and core parts  of 


the channel


the headstall
type were 
analyzed


information on 
sewage charges 


and their 
structure has 


been collected.


Anna G. Kurteeva
tel: +79127571030
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The aim of  our study was to determine the influence of  anthropogenic 
pressure on the formation of  nitrite composition of  water of  the Volga 
within the city of  Tver. Tver - the first of  the regional industrial center of  
Russia stretches for twenty kilometers along the banks of  the Volga.


In the area of  the Volga from the source to Tver (length of  526 km [1]) 
according to [2] the concentration of  nitrite ions in 2011 year  was 0,04 mg 
/ l (calculated as nitrogen 0,01 mg/l, as given by the authors). 


The formation of  nitrite composition of  the Upper Volga 
water under Tver anthropogenic loads


Picture. Places of water sampling of the river Volga in Tver. 1- Migalovo; 2 -
cinema "Zvezda"; 3 - Institute of synthetic fibers with experimental plant.
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Picture. A plot of  the optical density on the concentration of  nitrite ions : and - the 
concentration of  nitrite ions C = 0,010 mg / ml; b - the concentration of  nitrite ions 


C = 0,0005 mg / ml.


The chemistry of  high-quality response to nitrite with the Griess reagent. 
So, it is based on the reaction of  diazotization of  sulfanilic acid.


№ Places of  
water 


sampling


D C (mg/ml) С (mg/l) Calculation 
formula


C 
(mg/l)±Δ


1 Migalovo 0,35 7,00·10-5 0,070


x=C·50/40
=


C·1,25


0,070±0,01


2 cinema 
"Zvezda"


0,38 7,61·10-5 0,076 0,076±0,01


3 Institute of  
synthetic 


fibers with 
experimental 


plant.


0,39 7,75·10-5


0,078


0,078±0,01


Table. Results of  the photometric determination of  nitrite ions with 
Griess reagent.


Objectifie
d trolled 
rate


The average 
value of  the 
output of  
the 
treatment 
plants, mg/l


MPC to 
discharge 
into the 
sewer,
mg/l


MPC RF 
drinking 
water,
mg/l


Drinking 
water 
standards 
in the 
United 
States,
mg/l


WHO 
drinking 
water 
standards,
mg/l


MPC 
Fisherie
s, mg/l


pH 8,2 6,5-8,5 6,0-9,0 6,5-8,5 6,5-8,5 6,5-8,5 
Cr(6+) Н/о 0,1 0,05 0,05


(overall) 
0,05


(overall) 
0,02 


Cr (3+) Н/о  70,0 5,0 4,0 
Zn 2,1 0,063 5,0 5,0 3,0 0,01 
NO2


- 183 0,08 3,3 1,0 3,0 0,08 


NO3
- 43 40 45 10 50 40 


Fe 0,54 1,26 0,3 0,3 0,2 0,1 
Petroleum 
products


1,03 0,6 0,1 - - -


This table shows the parameters normalized in Russia and abroad , as well as a
number of other parameters , commonly used in water treatment. Some of these
values   are normalized and do not , however , important to assess the physico-
chemical properties of water. As a rule, these additional parameters are not only
directly determine the quality of the water , but mainly contain information , without
which it is impossible to choose the optimum water treatment scheme .


Table. Hygiene standards and requirements for water quality .


Literature:
1.www.vokrugsveta.ru/encyclopedia/index.php?title=Волга.
2.Grigorieva I.A., Komissarov A.B. Comparative hydrochemical assessment of  
the current state of  some water bodies in the upper Volga // Water 
Resources, 2014, V. 41, No 3, P. 280-293.
3.RF patent No 2471718, publ. 01.10.2013 / Nikolskiy V.M., Morozov E.G.Nikolskiy Victor M.
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The distinctive feature of  Volga-Akhtuba floodplain watering is its full 
dependence on hydrological regime of  the Volga-Kama cascade and 
distribution of  water between Volga and Akhtuba. 


Appreciable climatic changes of  flow formation in the Volga basin caused 
low flow increase and the spring high flow reduction. Besides, in the Lower 
Volga basin the work of  Volga-Kama cascade led to essential decrease in 
interannual variability of  the major parameters - pique levels and 
discharges, as well as to reduction of  duration of  a rise phase, which 
caused sharp increase in intensity of  a water level rising. All these factors in 
the adverse image have affected condition Volga-Akhtuba floodplain.


After construction of  the VOLGA HYDROELECTRIC POWER 
STATION by a source for river Akhtuba became the Volgo-Akhtuba 
channel originating from river Volga (the old source of  Akhtuba has been 
blocked at construction of  a dam). In modern conditions, the main volume 
of  water passed through a dam flows on the basic Volga channel. Feature 
of  relief  Volga-Akhtuba floodplain is that in its top part, from the 
beginning up to city Aktyubinsk (150-170 km), the Akhtuba river bed of  is 
located above the Volga river bed,  and there is a bias inside of  water-
currents from Akhtuba to Volga. As a result, at passage of  a spring high 
water, top part of  Volga-Akhtuba floodplain is filled with water, first of  all, 
from Akhtuba. Feature of  relief  Volga-Akhtuba floodplain is that in its top 
part, from the beginning up to city Aktyubinsk (150-170 km), the Akhtuba 
river bed  of  is located above the Volga river bed,  and there is a bias inside 
of  water-currents from Akhtuba to Volga. As a result, at passage of  a 
spring high water, top part of  Volga-Akhtuba floodplain is filled with 
water, first of  all, from Akhtuba.


The primary goal of  the research is to estimate the transformation of  a 
dumped hydrograph within the system of  the Lower Volga river beds by 
means of  one-dimensional hydrodinamical model. Model is made in 
Institute of  water problems of  the Russian Academy of  Science on the 
basis of  software product “SOBEK”, developed Delft  Hydraulic 
Laboratory (Netherlands). The structure of  model represents consecutive 
set of  all the river beds’ parts of  the Volga from the Volgograd reservoir 
downstream up to the Caspian sea (fig 1). For reflection of  mechanisms of  
floodplain  regulation, the additional network of  imitating channels and 
capacities is created within its structure. This would compensate the 
influence of  the river streams output on the floodplain and changes of  
water balance of  intermediate sections. With its help, modern conditions 
of  the Volga-Akhtuba floodplain in years with various water resources 
were investigated for finding-out of  efficiency of  possible administrative 
decisions on maintenance of  its ecological well-being.


One of  such decisions compulsory submission of  additional volume of  
water in direct in an old source of  the river Akhtuba from the Volgograd 
water basin is. 


Modelling calculations of  various schemes of  additional pumping of  water 
in a source of  Akhtuba have shown that it is not enough of  it. Submitted 
water on system channel is partially dumped from Akhtuba to Volga, 
mainly through the Volga-Akhtuba channel (fig.2). 


Modelling of  a regime of  Volga-Akhtuba floodplain flowage in the 
conditions of  anthropogenous influence and climatic changes.


For realization of  the scheme considering prevention of  outflow of  water in the 
channel, in model the additional unit modelling work of  the adjusting construction 
(water-divider) located in the Volga-Akhtuba channel has been created. The adjusting 
construction in the Volga-Akhtuba  channel was modelled by a flat shutter in width of  
200 m which is closed on recession of  a high water, and after the termination of  
pumping - opens. The beginning of  work of  a construction depends on a parity of  
water levels in Volga and Akhtuba.


Results of  calculations show, that such decision is effective enough. Even in conditions 
of  extremely small water 2006-year duration watering Volga-Akhtuba floodplain in area 
пгт. Average Akhtuba essentially increases - until 30 days(fig.3).


Thus, use of  the offered way of  modelling of  Volga-Akhtuba floodplain hydrological 
regime  for an estimation of  administrative decisions rather effectively. Studying of  the 
consequences received as a result of  realization of  schemes and volumes of  water-
submission in the Akhtuba old source by means of  offered modelling system has 
shown, that the adjusting constructions providing realization of  requirements to water 
exchange of  reservoirs and water-currents Volga-Akhtuba floodplain are necessary.


Fragment of the settlement scheme: the
account of additional virtual channels
and capacities on Volga-Akhtuba
floodplain


Имитационные каналы 
и емкости


Fig.1 The Topographical scheme hidrodinamical models of  the Low 
Volga


Fig.2 A modelling hydrograph of  water 
discharge in the Volga-Akhtuba channel, 
2006 with additional pumping 300 and 
500 m3/sec.


Fig.3. Modelling discharges of 
water in the Akhtuba at 
additional water-submission in 
river Akhtuba and without it, in 
view of work of an adjusting 
construction.
Q (0) – without water-
submission; Q (300+100) – c 
water-submission





