
17-02-2022

1

Alexander Buber, Evgeny Ratkovich

All-Russian research institute of hydraulic engineering and land reclamation named after A.N. Kostyakov

Water Problems Institute, Russian Academy of Sciences

buber49@yandex.ru

Integrated water resources 

management in large river basins 

based on simulation modeling and 

optimization methods

1. Methods for constructing the best release rules that ensure the 

safe operation of facilities and the sustainable functioning of water 

management systems will be considered. 

2. The construction of optimal compromise Release rules is based on 

the methods of multi-criteria analysis and the theory of trade-offs 

and should take into account the often conflicting requirements of 

water users. 

3. To assess the quality of Release rules, statistical reliability criteria 

are used, which are formed as a result of performing water 

management calculations for long-term hydrological series of 

observed inflow.
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1. Not to allow levels in reservoirs forced above the Flood control level until the 

capacity of the spillways is completely exhausted;

2. When carrying out different activities, maintain the limiting levels of water 

filling in reservoirs.

3. To prevent releases into the downstream reservoir, leading to damage from 

flooding of developed floodplain lands.

4. Ensure energy release in volumes determined by the rules;

5. Meet the requirements of water users: energy, navigation, municipal 

engineering, ecology, agriculture, and fisheries and others - in the amounts 

determined by the rules;

6. Maintain fishery releases during the spawning period, while preventing even 

short-term drops in reservoirs water levels;

7. Maintain agricultural releases during the growing season (April-September);

8. Provide water users with consistent reliability.

INTRODUCTION AND OBJECTIVES
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The Angara River Cascade of reservoirs

Baikal: the total volume - 23600 cubic km, depth - 1642 m, average annual inflow - 60 cubic кm 4
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Dispatch schedule of “Lake Baikal – Irkutsk Reservoir” (release curves) 
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Dispatch schedule of “Lake Baikal – Irkutsk Reservoir” (table) 6
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Fragments of the Dispatcher schedules, Coordinate Table and  

long-term series of inflow to Lake Baikal
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Principles of reservoir operation mode control (direct and reverse)
8

1. The water level at the dam at the end of the 

estimated time period is determined by the level 

at the beginning of the period, the predicted 

inflow and the range of acceptable releases, for 

the zone in which the level was located at the 

beginning of the period.

2. The water level at the dam at the end of the 

estimated time period is determined by the level 

at the beginning of the period, the predicted 

inflow and the range of allowable releases, for the 

zone in which the level will be at the end of the 

period.

Balance equation: W*
t+1 = W*

t +Pt+1 – Rt+1  where 

W*
t , W*

t+1 are initial and final reservoir volumes, 

Pt+1 inflow, Rt+1 release for t+1 period.

7

8



17-02-2022

5

Water resource calculations in the Excel

• Start dates of periods

• Volumes in the lake Baikal at the 

beginning of the period

• Useful volume of inflow to Lake Baikal 

• Dispatch schedule of the complex 

"Lake Baikal - Irkutskoye Reservoir"

• Releases from the Irkutskoye

reservoir 

• The Irkutskroye reservoir level 

depends on the level of the Lake 

Baikal and the release

• Downstream level of the Irkutskoye

reservoir is calculated based on the 

existing level- release curve 

• For the Irkutskaya HPP the head is 

calculated as the difference between 

upstream and downstream level. 

Turbine discharge and power are 

determined by the operational 

characteristics of the HPP
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Sanitary releases

Water supply (drinking, household, industrial)

Hydropower

Irrigation and agricultural flooding

Navigation (to maintain depths)

Fisheries

Reliability standards for normal water consumption by the number of not 

violation years, percent:
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The reliability of each water user requirement is calculated by the formula:

P= 100*M/(N+1);
where M is the number of calculation non failure periods, N is the total number of 

calculation periods in the long-term hydrological series.
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1. Are the DS parameters (coordinates) well chosen, i.e., a valid DS solution exists, 

but developer has not found it.

2. How “well” are water users’ requirements being met in the adopted hierarchy? 

Is it possible to select the DS parameters so as to improve the reliability 

indicators for conflicting requirements?

3. Is the DS management optimal or is it possible to achieve better results using 

other management tools? Does the reservoir “water capacity” of the and 

catchment area allow it to satisfy the water users’ requirements ?

The next two reports are devoted to different approaches to building Release rules 

based on dispatch control schedules, which are adopted by regulatory documents 

in Russia. The second report is devoted to the construction of release rules based 

on optimization methods and the theory of trade-offs. Some definitions are 

repeated in the reports for better understanding

DISCUSSION
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Scheme of the “Lake Baikal –

Irkutsk reservoir” complex and 

the location of gauging stations

Thanks for attention
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