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BACKGROUND

Economic development of any country including Russia depends on its
energy sector development. In Russia it consists of three main energy
producers: thermal power plants (TPP), nuclear power pants (NPP) and
hydroelectric power station (HPS).

By hydro energetic potential, Russia ranks the second after China.
However, by energy use the situation leaves much to be desired. Russia
has a huge territory that differs greatly as by its economic development,
as by the use of available hydroelectric potential in its different regions.
For instance, if in the European part of Russia this potential has been
practically exhausted at present, in Siberia _and the Far East it is poorly
developed yet.

The recent decisions of the RF government are evidence of the
establishment of large system-forming hydro-energetic complexes (i.e.
Nizhne-Angarsky,Yuzhno-Yakutsky,Vitinsky and Nizhne-Yeniseisky), and
the construction of the largest in Russia -and one of the largest in the
world- the Evenk HPS with output of 12 GW.
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Reservoir areals

Station Country River [Capacity (Mw)
(km?)

Three Gorges China Yangtze 22400 63
Itaipu Brazil/Paraguay Parana 14000 1350
Guri Venezuela Caroni 10200
Tucurui Brazil Tocantins 8370
Grand Coulee United States Columbia 6809
Sayano-Shushenskaya |Russia Enisey 6400
Robert-Bourassa Canada La Grande 5616
Churchill-Falls Canada Churchill 5429
Krasnoyarsk Russia Enisey 5000
Longtan Dam China Hongshui 4900
Bratsk Russia Angara 4515
Ust-llimsk Russia Angara 4320
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PROBLEMS OF LARGE HPS CONSTRUCTION IN SIBERIA

Large scale hydro technical constructions always impact on the
environment and transforms it. To define such a transformation
caused by hydro power station (HPS) construction is very
complicated.

One of the main issues of HPS construction in Siberia is water
guality assessment on the regulated river branches: a deep
reservoir and tail water. It is known that the unfrozen patch of the
water appears in winter period as a result of hydrothermal and ice
regime changes in tail water of deep reservoir. Such changes in
river water temperature and dissolved gases bring to the
environment transformation that must be evaluated on the
previous stages of the HPS project realization.

Numerous typical and specific aguatic ecological problems arise
due the Evenk large reservoir construction on the Lower Tunguska
River in Siberia. For instance, some problems are caused by poor
preparation of the reservoir bed before the filling.
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THE MAP OF RUSSIA AND THE EVENK HPS SITE
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BRIEF INFORMATION ON EVENK HPS

The prognosis was performed for two options of the Evenk reservoir
construction. According to the first one, the length and volume of the reservoir
make up 1229 km and 409 km3, correspondingly. And the dam height is about
200 m.

For the second case it constitutes 695 km, 49 km3 and 110 m, correspondingly.
The flooded land areas for both options: 868000 and 74000 hectares,
correspondingly.
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THE TERRITORY TO BE FLOODED
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HYDROLOGICAL AND METEOROLOGICAL CONDITIONS
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CLIMATE

Average annual air temperature in the region varies within
minus 7.1 °C — 9.4°C. The coldest month is January with the
mean temperature minus 27.2-36.5°C. Absolute minimum
observed in February is minus 63°C

The warmest month July has the mean air temperature plus
15.3-16.3 °C.

Absolute maximum of air temperature is plus 37°C and falls
on June-Jule.

Average annual relative air humidity is 72-75%.

Summary annual rain and snow precipitations change from
368 to 525 mm. Mean annual wind is near 2.0-3.8 wm/c.

Stable snow cover generally forms in the first half of October.
Snow cover melts in the 2nd or 3d decade of May.
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SCHEME OF PROJECTED EVENK RESERVOIR

Scale 1:1 000 000

Bopoxpanunuiie TyryxaHckon MIC npu yroBHE Boasl 200 m, BC

macwTas 1:1 000 000
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MAJOR PARAMETERS OF THE EVENK RESERVOIR

Site 59,5 km Site 120 km

Normal headwater level (NHL) MBS 110 200

Surface water area for NHL km? 1684 9406

Volume for NHL km3 48,51 409,4

Max depth for NHL M 104 185,3

Reservoir length for NHL km 695,5 1229

Depth variation M no 27 ao 12
Freeze-up duration month 8 8
Water change timel/year 4 0,3
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PROBLEMS OF EVENK RESERVOIR CONSTRUTION

Many typical water and ecological problems which concerning
with the large reservoir constructions in Siberia take place for
the Evenk reservoir construction on the Lower Tunguska River

{oo.

In this case the main specific problems are the following.

The ice and thermal regimes of projected Evenk reservoir.
The values of total mineralization of water.
The dissolved oxygen regime of the Evenk reservoir.

They say about “dead” sea. Is it true?!
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GEOINFORMATION SUPPLY
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ORIGINAL SOFTWARE FOR ENGINEERING CALCULATIONS
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ORIGINAL SOFTWARE “ENENK RESERVOIR BED”
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LAKE TELETSKOYE AS A CASE STUDY
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COMPUTATIONAL THERMAL MODEL
OF LAKE TELETSKOYE
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Numerical results. Annual thermal stratification of Lake Teletskoye
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INITIAL DATA FOR TWO DAM SITES OF EVENK HPS
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DISSOLVED OXYGEN CONCENTRATION (mg/l) IN
SURFACE LAYERS OF RESERVOIR FOR 26™
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CHANGE OF OUTFLOW WATER TEMPERATURE DURING
EVENK RESERVOIR FILLING
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TAIL WATER OF THE EVENK RESERVOIR
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ICE AND THERMAL REGIME OF TAIL WATER
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Prognosis was made for two sites of dam: 1 — 120 km and 2 - 59,5 km from the

R. Lower Tunguska outfall
 Input data: meteorological data from weather station Bolshoi Porog and
calculated data for the Evenk reservoir
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WATER TEMPERATURE IN THE LOWER TUNGUSKA OUTFALL.
NATURAL CONDITIONS AND FILLING REGIME OF THE
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Notations:
1 - natural conditions
2 - 120 km dam site

The Evenk reservoir filling will result in 15 °C fall of max water
temperature in the Lower Tunguska outfall
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WATER TEMPERATURE IN LOWER TUNGUSKA OUTFALL
AFTER THE RESERVOIR FILLING

Temperature, C
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After the Evenk reservoir filling, the ice phenomena at the site from dam
to the Lower Tunguska outfall will be absent in winter months

Water temperature: 1 — dam site of 120 km long; 2 — dam site of 59,5 km.
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ICE REGIME FOR 26TH CALCULATED YEAR.
THE RESERVOIR FILLING
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Notations:
1-120 km dam site
2 - 59.5 km dam site
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Results:
« Minimal length of an unfrozen patch of water will be about 45 km for

« 120 km dam site. For a dam site of 59,5 km long, the ice cover formation
Is expected only in the outfall of R. Lower Tunguska.

* For the dam site of 120 km, ice phenomena are expected to start one

month later, while ice melting — one month earlier.
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Fig. 1. Dam site 120 km.

C — total mineralization as a
function x (x - distance from dam):
1-01.05.2018;

2-01.06.2018;

3-01.07.2018

Fig 2. Total mineralization in the
Lower Tunguska River outfall:

1 — dam site 120 km;

2 — dam site 59,5 km;

3 — conditions like 1974 year.
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CONCLUSIONS

The mathematical modeling of thermal regime and processes of total mineralization and
dissolved oxygen transfer shows the following:

* Inthe first stage of the reservoir filling the vertical density stratification will be formed. The
most part of the water body will have the temperature of approximately + 4 °C.

« The ice regime of the Evenk reservoir will be similar to the one of R. Lower Tunguska.

*  The outflow water temperature will vary from + 4 °C up to + 14 °C during the year. After the
Evenk reservoir filling, the estimated outflow water temperatures will be around + 4 °C.

« During the first years of the reservoir filling we may expect the deficit of dissolved oxygen in
upper water layers under the ice during the winter period. But on the next stages of the
reservoir filling, this deficit will be decreased and dissolved oxygen concentration in the
reservoir will be evaluated similar to the saturation concentration.

+ The mineralization of the upper water layers of the Evenk reservoir is exFected as less than 100
mg/l. Near the bottom the expected mineralization will be near 400 m8/I. n natural
environments, water mineralization of R. Lower Tunguska exceeds 1000 mg/l during the winter
period. The expected situation will be better for the drinking purposes.

« The calculations of thermal and ice regimes of tail water demonstrate that the ice cover and
other phenomena will be absent after the Evenk reservoir construction (for different options of
the Evenk HPS ﬁro#'ects). Some ice and other problems may occur in Yenisei River- in the sites
below the mouth of R. Lower Tunguska. The expected ice ?lroblems will be insignificant
because discharge of Yenisei River is 7 times more than the one of R.Tunguska.

* The values of the total water mineralization in tail water and flowing out of the Evenk reservoir
are expected to be practically the same. The existing values of mineralization will be
considerably less and their variations will be decreased. As a result, the characteristics of
water quality will be improved.

IW P Institute for Water and Environmental Problems SB RAS, Barnaul 30



B

sk A

e

o R

A0

N



