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USSR, Ministry of Power Station Construction
'Ihe_}zzliepr Cascade- of Hydro Developments, Moscow 1962

Beine 2285 kil eetres g o Leep ot 220 m the Dnieper
in the '/ -d river in Europe (after the Volga and the Danube). The
{otai itehment area of the river is 303,000 square kilometres, and
it anmt Jdove at the v ooth aver ges 53 billion cubic metres. The
Dnigper ¢+ * -»rs intt .molensh Region and crosses the territory
of Byeliu- . and the U kraivo to discharge into the Black Sea
Se.th ' on. The upper reaches of the Dnieper 1a.. ¢cn the zone
ol vxens-ve precipitation aad active <wamping proce-ses, particu-
‘arlv in 1 basins of the Berezina and Pripyat rivers. Near Kiev
s Dndecer enters the moderate precipitation zone, and farther on,
~ouict oF Dniepropetrovsk and 7 wooozhie, comes into  the arid
sovcpern tegions of the Uki-u Aocordingly  the Dnieper flow

" aWthoin Hsoance eache s L eomn Wie . Downstream
fr.in Kice the river gels Lo dtthe o ginennte fe 19 Loy cen?
of its total flow. The principal power resources of the Dnieper are
Yoo 0 o e reach dovr, trenn Tren Kiev {or, to e nore o xact,
i v . . the Pripyat mouth) and amount w 85 per cent o all the
voveo potential of the river.

Tt Dnieper flow is characterized by a high degree of ‘rregula-
rity .l n different vears (the annual flow volume varies from
24 1o 73 billion cubic metres) and within a year. A peculiar leature
of the Dnieper is that, being a river of the plains fed by melting
snows, il prominent spring floods which carry away 60 to 70,
and i - ane vears to 80 per cent of the tolal annual flow. The high- -
Iv irree @ o floew  nake it particularly important to set up large
“eenge csenvoirs on the Dnieper which would regulate the flow

ad ey te foo ite camprehensive afilisation in the devilopment
o nower, .rrigalion. walerway traffic and fish-breeding.

oo Cw e ulilisetion scheme for the Lower Dnieper six

edraecter o ~tate o (Figs 1y are 1o be bt Al vver They

| the kv Kan Kro cen s, Dnjer=o b ash sk Dniepre
| sUu> t \ DIV UL RS § EEVETEY B PR PR R NY 'J-'::": [SPTY v al. s 5
a summary capacitv exceeding 2.8 million kW (some are in opera-

| “ion, 11,. o cnhe astroctio.y oo L anaay s e
of above -+ Minm KW-ours, These &0 a0 70 = e sw ATe

Jde for irr - F o of soiee 3.5 million ' cuares of agricultural lands

«ad the conw. . -ion of the Tower Dnicper into a deep walerway
ahich will be a scries of 1. 725 (the undammed stretch between the
K -v and Kremenchig step. {o be covered by the Kanev hydro-
2
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scheme backwater). The Dnieper flow will be regulated by a system -
of the storage reservoirs with a useful capacity of 16 cubic kilomet-
res all together (including the lake of the Kiev hydro-electric sta-
tion now under ~onstruction). The Kremenchug reservoir, of 9 cu-
hic kilometres usciul sforage, will he the biggest of them. These
storage reservoirs are {o regulate the flow to the fnll within a year
and to provide adequalely for the power production.
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Fig. 1. The longitudinal profile of the Dnieper.
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The fishing development programms envisage a very conside-
rable increase of fishing and fish-breeding in the Dnieper basin.
A significant part in this development will be played by the newly
created reservoirs and canals which will be also used in the inte-
rests of the fishing industry. In particular, the designed Dnieper—
Azov Sea traffic canal may be employed with the end of making
the Azov Sea waters less salty. Since large quantities of water are
{o be abstracted from the rivers of Don and Severny Donets for the
national economy’s needs, it may be expected that the process of
progressive increase in the Azov Sea salt content would continue
and thus affect the fishing industry.

The first hydro-electric station of the Dnieper cascade was
V.1. Lenin Dnieprogues commissioned in 1932 (Fig. 2). It solved
the problem of the power development on a rapids stretch of the
river, the electric power serving the needs of the coal and metal-
lurgy base which at the time was the country’s principal one. How-
ever, the Dnieprogues not being a part of a cuscade its oper:tion
regime possessed a high degree of irregularily because the useful
storage capacity of its lake (1.2 hillion cubic metres, or somew hat
above 2 per cent of mean annual flow) could provide for regulation
of only a fraction of the mean annual discharge.

3
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Fig. 2. The Dnieprogues. V.ew from the downstream.

The lowest step of the cascade is the Kakhovka storage reser-
voir which removes the navigation’s need of continuotis releases
of water from the Dnicprogues storage reservoir into the down-
| stream, and thus makes possihie an unlimiled daily regulation by
- the Dmeprogues

The Kremenchug hydro-dev elopment was completed in 1960. It
i« the principal hvdro-scheme of the cascade due both to its power
production features and to the conditions it sets up for a radical
increase of the efficiency of the operation of the Dnieprogues and
other hydro-electric stations downstream from it.

The hvdro-electric stations are intended for operation within the
unified South Power System. I{ will be connected to the Power
Systems of the Centre and the Volga area by the {ransmission line
drawn from the Volga hydro-eleciric station of the 22nd Congress
of the C. P. S. 1. {o the Donctsk Basin. In this manner the unified
Soulh Power Svsiem will be incorporated into he Unified Power Sys-
{em of the European Part of the USSR-

A Along with its contribution {o the further electrification of the
‘ indusirial and agricultural production processes, as well as to the

domestic econsumption, the Dnieper cascade helps to carry out large-
scale irrigation works in the arid areas. The first phase of the
works will inctude {he irrigation of 1.5 million hectares and water-
ing of 1.2 million hectares.

Kiev Hydro-Develop nent.The Kiev hvdro-clectric station has a
sma.l useful volume of the lake and is infended mostly to take off
the reak loads of the power system. For a better peaking perfor-
mance a G8-metre head accumulation station is being built on the
high right bank near the hvdro-development site.

The hydro development will include a power-house of combined

4
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Fig. 3. The open arrangemult of the units at the Kremenchug tiydroelectric
power station.

type with horizontal shalt units of bulb type, a single-chamber lock i
and earth dams. Wide use of pre-cast reinforced concrete is planned -,
for the construction; in particular, pre-cast members are to consti- -
tute some 70 per cenl of all the slructures of the power- house bu11d . T
ing. _
Kanev Hydro-Development. The hydro-electrlc stat:on of - | ;
420,000 kW and generalion of 830,000,000 kW-hours will be em-
ployed to take off the peaks of the power system, similarly with
the Kiev hydro-electric station. 24 horizontal units of bulbh type will
be instalied at the power-house, which will he of the same type as
those of the Kiev development. No separate spillway dam is to be
arranged, the flood discharges to be passed through special outlets _
in the power-house building. The development will also include an 1
earth dam and a single-chamber navigation lock. oo ' l
The principal purpose of the Kanev hydro-development is to cre-
ate a deep waterway Irom the Black Sea {o Kicv. The development
will be also of considerable imporlance for power generation, fishing
industry and railway transport. Precast reinforced concrete is to
find a wide use at the project, its amounts reaching 75 per cent in
the power-house.
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CIA-RDP80T00246A025800070001-8 nenchug impounds a storage reservoir of a
capacity adequate for annual (with conversion to perennial) regu-
lation of the flow. By regulating the flow the reservoir will add to
the power efficiency of all the downstream hydro-electric stations
of the cascade.

With the installed capacitv of 625,000 LW {]e average annual
oatput reaches 1,3¢. .ooivn wWeours, Lue to Lhese features the
Kremenchug hydro ¢ii. !5 stalion (Fig 51 holds the <econd plavce
in the cascade. Touether with the Dnieprogues and Kakhovka hy-
dro-developments it lifts off all the irregularities of the South power
system load curve, and ensures optimal operativn regimes for ther-
mal power stations.

The hydro-development includes an open-type power-house, a
concrete spillway dam, earth dams on the right and left banks, and
a single-chamber navigation lock.

Dnieprodzerzhinsk Hydro-Development is under construction
upstream from the fown of Dnieprodzerzhinsk. The hydro-electric
station is to operate on the flow regulated by the Kremenchug
hydro-scheme. without drawdown of the slorage reservoir. The sto-
rage reservoir of the power station can provide only for daily regu-
lation. The installed capacity of the Dnieprodzerzhinsk hydro-elec-
tric station will be 350,000 k\WV, mean perennial output 1,250 mil-
lion kW-hours.

The hydro-development includes an open-type power-house, a

concrete spillway dam, a single-chamber navigation lock, an earth
dam and a weir of the river Oreli which is to provide a protection
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Fig. 4. The Kakhovka hydro-electric power station.
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and densty populated Oreli valley. )

Dnieprogues Hydro-Development of V. I. Lenin. Destroyed in

the Great Patriotic war, Lenin Dnieprogues was restored in 1947.

By its installed capacity and annual production the Dnieprogues

Jolds the first place in the cascade: it has a . apacity of 650,000 kW,

and gencrates 3640 mi" . v [ cicctric power per year.

The hydro-development includes the power-house on the right bank,

a concrete spillway dam and a three-chamber navigation lock at the
left bank.

After the Kremenehug hydro-electric station was commissioned
an increase of the Dnieprogues capacity became imperative. With
its present capacity the Dnieprogues has become almost a semibase-
load plant with a very high number of operation hours, while the
need of the peaking capacities continuously grows.

Kakhovka hydro-development (Fig 4). This hydro-scheme is
lccated near the town of Kakhovka. The useful storage of the lake
is 6.8 billion cubic metres. The operation conditions of the Kakhovka
reservoir ensure the abstractions of water for irrigation and indus-
trial needs of Krivoy Rog area without affecting the river trans-
portation. The installed capaciy of the Kakhovka hydro-electric sta-
tion is 312,000 kW which generates 1,435 million kW-hours a
year.

The hydro-development includes the power-house building of
combined type (which makes possible the discharge of excesses
through the bottom outlets in the power-house), a concrete spillway
dam, a single-chamber navigation lock used 'in passing catastro-
phic discharges, an earth dam of 3.2 km total length, and the head-
works of Krasnoznamensky irrigation canal.
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USSR, Ministry of Power Station Construction
The Volga-Kama €ascade of Hydro Developments
Moscow 1962 -

Tie Vo'ga is the biggest European river and one ol the most
important rivers of the world. 1t is 3.688 kilometres long from the
origin to mouth, and has a cat-hment area of 1,380,000 square si-
lomnetres. The average fall of the river is 256 m. The summary mean
perennial Tlow of the Volga is 251 cubic kilometres, of which 118
cubic kilometres are the share of the Upper Volga and 119 cubic
kilometres are contributed by the Kama. Downstream of the Kama
moulh only 14 cubic kilometres are added to the Volga flow. The
ceasonal regime of the flow is irregular: some 70 per cent of water
pass during the summer months. Therefore the principal econuinic
ainis o remahing the Volga are:

1) to utilize to a4 maximuin possibie extent the waler power re-
sources; :

2) to create a continuous deep waterway within the main stem
of the Volga and Kama;

3) lo iransform and develop the agriculture of the lands along
the Volga and the fishing industry in the North of the Kaspian Sea.

These aims pre-determined the technical scheme of the re-
shaping of the Volga and the Kama.

Beiore the Great October Socialist Revolution the Volga was
used as a waterway, as well as for fishing and as a source of water
supply. The fundamental remaking of the river which included a
conprehensive solution of many economic problems started in the
thirties.

At presenl the re-shaping of the transportation and hydro-power
facilities of the Volga and the Kama rivers is approching the com-
pletion (Fig. 1). The Volga and the Kama are being lurned into a
continuous chain of storage reservoirs which make possible a sea-
conal re distribution of the flow to meet the needs of the national
economy. These reservoirs also set up favourable conditions for
power development, navigation and fish-breeding. Since it would not
have been expedient o rubmerge large cultivated areas the im-
pounded levels of the reservoirs had to be limited though this iimi-
{stion affecied their storing capacities and thus iheir capabilily to
control the flow perennially. Nevertheless, the reservoirs of the cas-
cade level off the flow within a vear and so provide for adequate uti-
lisation of the water-power resources of the basin. The Volga—Kama
cascade of the hydro-electric developments utilizes almost all the

2
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drop of the river through the medium of the 13 dams with hydro-

cieclric station. The combined capacity of the hydro-electric sta-
; tions ol the cascade is 13.5 {o |4 million kW; they produce annu-
: aily over 50 billion kW-hours of clectric power. When a part of the
| flow of the rivers of Pechyora and Vvchegda is diverled {o thie Vol-
ga basin the generation will reach 60 to 61 billion kW-hours per
year. The power produced hy the Volga hydro-clectric stations is
transmitted by high and super-high tension lines {o the Unified
power system of the European part of the USSR.

The construction of the large high-head hydro-electric schemes
resting on non-rock foundations, with the fairly long impounding
structures involves huge volumes of construction work which amoun-
ted in the cascade as a whole: earthwork to about 7,000 million
cubic metres, concrete and reinforced concrete — to 27 million cu-
bic metres, installation of steel structures and machines — over
500,000 tons. ' o

Ivankovo hvdro-development near the town of Dubno
includes the hydro-electric station of 30,000 kW in two units, with
an annual output of 130 million kW-hours, a 210 metre long con-
crete spillway dam with eight 20-metre spans, a single-chamber
navigation lock, a 350 metre long hydraulic {ill earth dam in the
river channel and a dyke about 9 kilometres long on the left bank
(Fig. 2). The concrete structures rest on moraine clay soil.

Uglich hydro-development was huilt in the upper end
of the town of Uglich, and inctudes a powerplant of 110,000 kW
capacity in two units each with 9-metre adjustable-blade turbines,
a lwintier reinforced concrete spiliway dam, 179 melires long,
a single-chamber navigation lock and a nydraulic fill earth dam
(Fig. 3). The hydro-electric station produces 250 million kW-hours
of power in a mean year. ‘ :

Rybinsk development consists of the Volga and Sheks-
na schemes which rest on clayey-marl foundation. The Rybinsk sto-
rage reservoir, ol 4,550 km? surface area and 25.4 km3 total volume,
serves as a common upstream lake for the both schemes. The Volga
scheme includes a 104 metre long reinforced concrete spillway dam,
a two-line single navigation lock, an earth dam and the conjuga-
tion structures. _ . .

The Sheksna site carries a hydro-electric station of 330,000 kW
capacity in six units with the conjugating structures and an earth
dam (Fig. 4). The average output of the powerplant is 1,100 milli-
on kW-hours a year. The station is fully automated; it is cont-
rolled by TV engineering from Moscow via the high tension lines.

Gorky hydro-development is located upstream of the
city of Gorky, and includes a hydro-electric station of 520,000 kW
capacity in eight units, a concrete spillway dam of twelve 20-metre
spans, two-lines of double navigation locks and an earth dam. The
hydro-glectric station generates in a mean year over 1,600 million

4
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Fig. 4. Building of the Rybinsk hydro-electric station.
Downstream view. .-

¢

kW-hours. The concrele siructures of the development rest on
~'ay with streaks of marls and sands. The total length of the im-
nounding structures that close the Volga is 13 kilometres.

Cheboksary hydro-development includes a power-
“ouse, inslalled :apacity of 1,700,000 kW, combined with the outlet
openin zs, an ea.th dam and two lines of locks. The total length of
the impounding structures. is about 2.5 kilometres. The concrele
structures rest on clayey and sandy soils with streaks of limestone
and marls.

On completion of the Cheboksary hydro-electric station a sto-
rage reservoir will be created with a useful capacity of 13.85 billion
m?, about 300 kilomelre long and of a maximum width of 30 kilo-
metres. The head at the power station will be 15 metres.

Kuibyshev hydro-defelopment occupies the Nor-
{thern end of the Sammara Bend. Its structures include the Lenin

7
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Fig. 5. The Volga hydro-electric station of V. L. Lenin. powerhouse.

hydro-electric station with an installed capacity of 2,300,000 kW in
20 units of 9.3 metre diameter, a concrete spillway dam about
1,000 m long, two lines of two single-step locks with a split bay, an
earth dam and dykes. The concrete dam and the Jocks rest on allu-
vial sand sediments, while the power house has its foundation on
clay. In a mean year the Lenin hyvdro-electric station produces 10.9
billion kW-hours of power which is transmitfed 1o the Urals and
the lands along the Volga.

Saratov hydro-development is being built in the
backwater of the Volgograd hydro-development. It is the seventh
step of the Volga cascade, and will have a multi-purpose import-
ance for the national cconomy: in power generation its installed ca-
pacity of 1.38 million kW will produce annually 4.18 billion kW-
hours; it will as well serve the needs of transportation and irriga-
tion. The Saralov storage teservoir will make possibls iriigation of
large areas in the arid regions {c the East of the Volga and contri-
bute to improving the fishing facilities. _

The hydro-development includes a combined hydro-electric sta-
tion equipped with 24 units, an earth dam and navigation struc-
tures.k'l;he foundation, of the structures is made up of clayey-aleuri-
te rocks.
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New lighter designs were developed for the hydro-electric sta-
tion, locks and the conjugating structures. Pre-cast reinforced con- -
crete was employved on a mch larger cale in the structures which
were to be assembled of simple and handy members. The number of
different tvpes of these members, too, was reduced considerably. The,

j quantily of pre-cast reinforced concrele made up nearly 80 per cent
of the total amount of reinforced concrete in the power house, and

up to 65 per cent in the navigation structures and concrete dam.

l Volgograd hydro-development is at the Northern

end of the city of Volgograd, and rests on fine sands.

The hydro-development includes the hyvdro-electric station named
after the 22-nd Congress of the C. P, S. U,, a concrete spillway dam
and an earth dam, navigation structures and fish-lifts. The total
lenglh of the impounding structures is 4,900 metres, of which 1,500
metres is the length of the concrete structures. The power station
building is combined with bottom sluices of 15,700 m?¥/sec capacity
to let through a part of the spring flood waters, this arrangement
made it possible to reduce the length of the spillway dam. The trash
racks are placed in a special structure outside the building.

The hydro-electric station of the 22-nd Congress of the
C. P. S. U. is the biggest in hydro-power station in the world, With
a capacity of 2,576,000 kW it gencrates at an average 11.1 billion
kW-hours of annually (Fig. 6).

It 1s equipped with 21 units each of 115,000 kW and 128,000 kW
experimental unit. The turbines are of adjustable blade type with
a 9.3 metre runner and generator rotor diameter of 14,3 metres. .
The fish-lifts are equipped with three units of 11,000 kW capacity
each." .

~ The hydro-electric station of the 22-nd Congress of the

C. P. S. U. is a principal link in the Unified Power System of the
European part of the USSR; it is connected to the System by high-

ﬂ tension a. c. transmission lines of 500 kV and 220 kV (Fig. 7).
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Fig. 6. Volgograd hydro-development. Downstream view.
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Within the next fe$® {&ars 1? v:i]

be connected to the Donetsk basin ' i

. e R
with a 80 kV d. c. ansmission Sl
line. ol N
The performance of the station ol N I
equipment is controlled, adjusted s I
and checked automatically with = K| N

the help of TV engineering facili-
ties. The single-impulse automatic
starts of the unit makes it pos-
sible to switch on the generator and
{o rate it at full load within a mi-
nute, Application of jonic excita-
tion to the units in combination
with automatic controllers of exci-
tation made with magnetic ampli-
fiers ensures a high degree of sta-
hility of the performance of the
hydro-electric station in the Unified
pewer system and the trans- <firs— :
mission of more than a half of the J ﬂ_i.llé‘g/< |

produced power to Moscow over ‘

a distance of 1,000 kilometres. e
The oplimum operation conditions It
of the units is maintained with the
help of automatiic devices of :
grouped control of the frequency of s
active and reactive capacity. The
operation of the hydro-electric sta- .
lion can controlled and adjust- AR o
ed by TV engineering means via el |
the transmission lines from the S|
central control post in Moscow, ‘ S el v |

The concrete spillway dam g
42.7 metres high has been built on -
alluvial sands and has a maximum
unit discharge of 45 m3fsec on
the spillway. A peculiar feature of
the design “of the dam is the ar-
rangement of hollow spillways of /
precast and mass concrete,

The two-step navigation locks :
are designed to pass big vessels —

—_— T —  ——  — —— -Mu¥
» T 'y v L4 £ -

éuldé

I
Ul

) IRLAN YR A

fa !
ULy
)—
G0

il

L
ey e
]
o
|

\‘-’I f

60
Fig. 7. Cross-section of the Voiga hydro-electric station named alter the 22-nd Congress of C. P. S. U.

7

TA

and trains of harges and" rafts.
The bottoms of the lock chambers
were constructed with pre-pressing
of concrete and pre-stressing of
reinforcement of the water galle-

Ky 30,00
Y.
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ries in the bottoms. Hydrohoists were provided for the gates of the
water galleries. :

The surface area ot the Volgograd slorage reservoir is 500 km
long and up lo 14 kim wide, with the drawdown prizm of 825 km?
volune, : '

The reservoir provides for irrigation of hundreds of thousands
heclares of arid lands LEast from the Volga.

ower Volga hydro-development with a hydro-
¢lectric station of 1,500,000 kW capacity and annual production of
6,900 million kW-hours. The hydro-development will include: a con-
crete spillway dam 560 m long (22 spans of 20 metres each), a hyd-
ro-electric station 585 metres long combined with bottom sluices, an
earth dam, a single one-line lock and a fish-lift. The total capacity
of the storage reservoir will be 13.8 km?.

Upper Kama hydro-development with a hydro-elec-
tric station of 700,000 kW capacity average output of 2,170 million
kW-hours per year includes a 5 kilometres long and 30 metres
high earth dam, a 234.5 m long machine-hall of the powerhouse,
a single span spillway (os 20 metre span) and a single lock.

The slorage reservoir created by the dam will have a total ca-
pacity of 16.3 km?® and a useful volume of 11.4 km3.

Kama hydro-development on the Kama. river rests on
low pervious sand and clay strata of bedrocks. The powerhouse
hizilding is combined with the spillway dam so that all the 24 units
of 21,000 kW each are placed in the spillway body (Fig. 8). One of
the unils is experimental of horizonial shaft semi-uniflow type. The

development also includes hydraulic fill earth dams (in the chan-.

nel and on the flood plain) of a total length of 1.9 km and two
lines of six-chamber locks (with heads of 3.5 m).

The combination of the powerhouse with the spillway dam made |

possibie:

1) to reduce the length of the concrete structures by 190 metres
with the total length of the spiliway hydro-electric station of 4C0
meires, and consequently to cut the amounts of the main concrete
work;

2} to raise the foundation bottom elevation of the power-house
by 13 1netres; in addition bottom elevation of the power-house by
13 metres; in addition to facilitating construction work this made
it possible to rest the structures on the upper low-previous strata
of sand and clay of the bed rock.

The Kama reservoir ensures the daily and seasonal control of
the flow along with the adequale depths for navigation on the river
of Kama. After the completion of the Votkino hydro-electric station

_the navigation depths will be provided for by its backwater without

releases of water from the Kama reservoir, and thus improve con-

siderably the operation conditions of the Kama hydro-electric
station, :

| . ’
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Fig. 8. Section of the Kama hydro-electric station,

Votkino hydro-development is under construction on
the Kama river; it includes the power station, of 100,000 kW capa-
| city, will have ils concrele struclures resting on aleurites and arge-
| lites. The development includes: concrele spillway and earth dams,

powerhouse with ten units and a two-line single lock.
The storage reservoir will ensure the daily and seasonal cont-
rol of the flow. .
| "~ Lower Kama hydro-development will be constructed
in the upper end of the Kuibyshev hydro-scheme backwater up-
stream of the mouth of the Viatka river. The development will in-
clude powerhouse of 1,080,000 kW installed capacity in 24 units,
combined with outlets an earth dam and two lines of single locks.
The concrefe structures will rest on interlaying sandstones, aleu-
rites and argellites.

The construction of the 13 hydro-developments will have a con-
siderable effect on the hydrological conditions of the Volga and
12
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' Kama, and in particular on the conditions of their run-off. tn some
sections of the Volga river system the flow will be re-distributed
20t only in the time but over the territory as well, For instance,
a part of the Upper Volga flow is diverted via the Moscow canal
to the basin of the Oka, or that of the Tvertsa river to the Msta.

A part of the flows ¢” "+ De v wra and Vychio_la is to be di-
veried to the Volga and Kama in future.

The construction of the mulli-purpose hydro-electric schemes
will considerably improve the navigation conditions in the Volga
and Kama as well as in their tributaries. The deep lakes that will
be set up provide premises for a fundamental technical re-building
of the fleet and port facilities. As a result the transportation costs
in the Volga basin now are 2.25 times below the average for
the internal water ways and twice as less as at the railways. The
cargo turnover of the water transport increased more than twice in
comparison with 1940. Completion of the construction of the cas-
cade of multi-purpose hydro-electric schemes on the Volga and Ka-
ma, diversion of the Northern rivers flow as well as arrangement
of additional lines at certain locks of the cascade will make pos-
sible an increase of the vessels displacement and thus cut the costs
in transit.

The control of the Volga flow by the reservoirs will change con-
siderably The inundation conditions in the flood-plain of the river’s

| lower reaches and delta: the inundations become more rare and of
less duration. The big reservoirs and hydro-electric stations provide

the agriculture with practically unlimited amounts of water and
pienty of cheap power.

The scheme of comprehensive utilization of the land and water
resources of the Volga’s lower reaches has heen worked out and
l now is being realized. According {o the scheme some 600,000 hec-

tares of lands are to be irrigated, while water will be brought to
2.3 million hectares of steppe pastures. The irrigated lands of the
area will be put fo cultivatlion of vegetables, rice, melons, maize,
for planting of gardens and vineyards. As a result of these mea-
sures the agriculiural production will increase about {en times aga-
inst the present level.

The Lower Volga hydro-electric station and hank embankments
will make a sizeable contribution to the utilization of the natural
resources of the Volga—Akhtuba flood-plains. The construction of
{his hydro-electric station will ensure the development of a highly
intensive agriculture on all the territory of the flood-plain. Protected
against the elements these lands will draw mostly gravity irri-
gation supply from the Lower Volga hydro-scheme reservoir and at
ihe same t:me be well drained by the Akhtuba river. The vast inter-
fluve land between the Volga and Ural with cattle-breeding as the
principal branch gets an inadequate water supply- The low produc-
livity of the natural pastures and insufficiency of water in dry years
bring about lower yields of the natural greenland and a reduction

13
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of the caltle sfock and ils productivity. To solve the problem of in-
creasing the livestock it is planned o water some 9 million hectares
of pastures and to irrigate 850.000 hectares of farm lands. Irrigation
of these lands will require abstraction of sume 6 to 7 billion cubic
metres a year which would be supplied by the Volga---Ural canal,
the water to be drawn frc i we . o0 of Yo usini. 10 ¢ lotal length
of the canal is 425 kilometres, with discharge of 300 {o 400 m¥/sec,
and the puinp plant capacities of 80,000 1o 100,000 kW. Creation of
the Jodder basis for cattle-breeding and production of meat is the
principal end pursued in irrigating and watering of the Kuibyshev,
Saratov and Volgograd Regions which possess 9.4 million hectares
of agricultural lands, 6.3 million hectares being plough-land.

The fishing basin of the Volga with its ftributaries and the
Northern Kaspian yields about 30 per cent of all the catch in the in-
ternal basins, including 80 per cen{ of the world’s stugeon catch.
Construction of a number of fisheries and sprawn farms has been
blocked out for the purpose of reproduction of the more valuable bre-
eds of stugeons. Alongside with this large sprawn farms are plan-
ned for construction which will breed sandre, carp and bream fries.
Sprawning places in the 278,000 hectare Volga delta are also to be
improved. The re-making of the fishing industry is expected to raise
the yields to 500,000 tons. The big storage reservoirs set up on the
Volga and Kama also open great prospects for {ishing development
near important industrial centres of the country. The annual fish-
yields from the storage reservoirs already available and under con-
struction ay exceed 1 million tons.

One of the complex problems to have a favourable effect on the
development of many branches of the national economy is the di-
version of the flow of the Pechyora and Vychegda to the Volga.
During the last 3 decades the Kaspian Sea level dropped more than
2 metres following complex natural causes and to some extent due
to man’s activities on the rivers of the sea basin. This drop of the
sea level brings much harm to the [ishing industry, sea navigation,
welfare of the towns, to the chemical and other industries and agri-
culture of the Kaspian area. The forecasts of the inflows io the sea,
as well as the growing abstractions for irrigation, industrial and do-
mestic needs suggest that the sea level is likely to drop still more.
The waters of the Pechyora and Vychegda added to the sea would
stop the process of the sea level drop and ensure its rise to an op-
{imal eclevation within the next decades. _

The waters of the Pechyora and Vychegda will pass through the
hydro-electric stations both completed, under construction or planned
for construction in the few years’ time and add 11 billion kW-
sours of cheap energy to their annual output without any additio-
nal work on the stations. The capacity of the Urals power system
wili record a sizeable increase due to the commissioning of the Up-
per Kama hydro-electric station which is an integral part of the
structures involved in the diversion of the flow,

14
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Yeranonacunan momrocts Hpkyrckoit FIC 660 Thic. KBT, a CPEAHEMHOTO-
netnss Buipaéorka 4,1 MapA. KeT-u B roi. B cocram ruiapeysna BXOAAT 3ia-
e TIC i 3emasnan naotiua. Coopyxenne cyaonpottyCKHoro ycTpoiicTaa
OTHECEHO HA BTOPYH OuEPEeab.

B orauuite or Soapuwmictra nocrpocuubix B CCCP npnaaoTauisix ruapo-
JHEKTPOCTAHUNI B COCTABE COOPYHEHMil Hpkyrckon FIC orcyrtcrayer BOAO-
CHMBHAA MJOTHHA. ITa 0COGCHHOCTHL ABJSIETCst CACACTRHEM HCKNOUHTERLHON
paBnoMcphnocTi pacxonos Awrape.

Cpeau mnoctpocHubix B CoBerckon Cotse rHApOIACKTpocTanumit HpxyT-
ckag TIC smanerca camoit skoHomuunoi, [lo TexHnKo-sKONOMHYECKHUM HOKA-
JaTeasM oHa ne mmeeT cebe PaBHBIX. ] _

Aueprua Hpxyrckoit FIC ucaoabayercss B OCHOBHOM JAf OUTARHA JICK-
TPOEMKO# MPOMBIINEHHOCTH, & TaKkme NCKTPH QN INPOBAHHOTO KENe3Ho-
JOPOKHOTO TPAHCNOPTA H ObITOBRIX HYX] Hpkytcko-Yepeurxosckoro paiioHa.

Huxe, no TeueHHI0 PEKH, CXeMOH TPCAYCMOTPelbi  ABC HH3IKOWAnop-
knie F'3C — Cyxoscxan u TeabMuncKas cymmapHoi mouoct.10 800 Thic. kbT.

YeTneproll CTYHEHBIO KACKAAA ABANETCH CTPOSINUACA M 4ACTHUNO BDe-
menmas B axcnayarauwio  bparckas r3C, «otopas Hp¥  MOLIHOCTH
4 500 Thic. KBT Gyaer camoii xpynuoii '3C mupa. Ha weit Gyacr ycranosne-
HO 20 arperatoB no 225 TeIC, KBT kaxauiii. BeipaboTka B CpeAHHii no BoA-
HOCTH ron cocTasur 22,6 MAPA. KBT -4. .

BecbMa 6GAATONpHATHLIC NPUPORHBIE YCIOBHS B CTBOPC Bparckoit T3C
NO3BOASIOT BO3BECTH BHICOKYI0 MAOTHHY H CO3AATh Kpymiciliee BOROXpANU-
JMlle, OCyuiecTBASIOlLICE MIIOTOAETIICE PeryAupoBaHHe.

B cocTan ruapoyszna BXOAAT: GeToHHas pycjaoBas AAOTHHA € MaKcHmMalb:
noii phicoToil 126 M, GeTounble # 3eMAAHbe GeperoBhic NAOTHItbI, 31anHC rac,
ABTOMOGHABLHEIA M IKENE3HOLOPONKHBI Nepexoinl N0 COOPYMEHHAM TIPO-
yana (puc. 2). TIPOCKTHPYIOTCH TakKe CYLOXOJHbIC COOPYMCHUS, KOTOpHE
6yAYT CTPOWTBCA BO BTOPYIO OHEPCIb.

MaToit no cuery crynensio AHrapckoro Kackana G6yner Ycrp-Hanm-
ckan I'3C, cTpouTEALCTBO KOTOPOH Hameuaercs Ha 6anxaitiee spema. Crsop
stoii TOC HameweH HMXKe [PaBoro NpuToka AHraps — p. WUnum, Hpupoausie
yCaoBHS 3fech  odeHb  OaM3Ky K yCAORUAM Bpatcxoit rac.
Mowmnocts Ycro-Haumexot T3C — nopanka 4500 TeiC. KBT, BbipaboTka —
oxoao 21,8 mapa. xsT.u. Ha crponTenncTBe Ycre-Haumekoit [3C oyayr
HCI’IOJI!;‘SSOBaHbI KOJJCKTHB CTpPOMTened, crpoii6aza u obopyrosamue bpart-
cxon C.
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Mocaeaneii, wecrosi, no cuety Ma Asnrape namesena Borywamckas I'3C.
Mowmsocr, ee onpestenena taxke nopanka 4 500 Thc. KBT, a obipaGotka swep-
ran 19 mapa. ket.u.

Pexa Emnucei

Enuceit — kpynuefiwas B CoBerckom Cotoze BOJHAR MarueTpadab, o6pa-
sonannan B pesynbTATE CAMAHHA ABYX pek DLuii-Xem (Boanwmoi  Enmceii)
# Ka-Xem (Maawmii Emnceit). Ot uctoxos Buii-Xema no snagenuss 8 Enuceil-
Ckufi 3ame Kapckoro mopa aanna pekn cocTasisner capiwe 4 100 xm. Odinee
naaeHne pexw — a0 1600 .

BonocGopras naowans Gacceiima Ennces 2 700 Toic, kM2 Cpeanemuoro-
AETHHIT PACX0d B ycThe peku 17 Thic. M¥fcex Gosee uem B 2 pasa npeshiuraeT
pacxon B ycthe Boarwu.

Ha Ewncee moxer 6uro COOPYMCH KACKAR THAPO3NCKTPOCTARUMI CymM-
MAPHOH  MOIHOCTLIO  MOpRAKA 30 mMAK. KBT-Y ¢ seipadorkoit no
120 mapia. KBT -4 3ACKTPOIHEPTHH B rof (puc. 3). B peayawraTe coopymennsn
Kackana 6yner ofecneueno CyA0XOACTBO MO Tak Hazeisaemomy CasHckomy Ko-
PHIODY M nposoxen Boaumi nyre B Tysuuckyio ACCP, a rakme 6ynyr
SHAUUTCALNO YAYHINCHB YCAOBHA CYNOXOACTBA MO BCCH 0CTAALHOIN YaCTH pexu.

B nperenax sepxwero Teuenns Enmces 60abuioi HWHTEepec npeacrasaner
BOIMOKLOCT, coOpyXenus B Casuckom xopuiaope y sxosa B Muuycuickyio
Kovacsuny  KpynHoit  Casmckoit TOC ¢ ycTauonacuuoii  MOHLIOCTLIO
5000 Teic. kBT M ronOBOA Buipaborkodt 22 mapa. ket 4, ¢ arperatamu ro
840 Thic,

Huxe no tcuenno crpoutes Kpynmucimas B mupe Kpacnospckas 3C.
IWupusa pycaa o croope FIC 700 M. Feoaorwycckie ycaosus mnoaie 6aaro-
NPHATEBL A BOIBEAEHHN BBICOKOI! NMAOTHHBI.

Noanas  emkocts  cospasaemoro BONOXpaHuaMmaA  Gyaer  nopaxka

- 80 mapx. w3 noacanan emkocTb npeswicut 30 mapna. m3. Cpennuit muoioger-

Hiii pacxon B crsope Kpacnospekoit F'AC cocTapaser 2800 m3/cex.

YeranoBaennas mMouwHocTs rHApoasckTpocranyun 5 000 Thic. kBT, ¢ rojuo-
BOii BHpaGoTKoii 20,3 mapa. kstT-4. Ha 1'3C GyayT ycrauoBaewmn arperatol
MowHocThI0o Mo 500 Thic, KBT KaMAMA (T.€. B ABA C JAUWHUM pasa Kpynhee,
seM Ha Bparekoit T'AC).

B coctas ruapoyana pxoasr Geronnas MIoTHHA gauuoi 1045 M # mak-
CHMaJLKOA BHICOTON mopsnaka 120 M, cocroamas us BOAOCAHBHOW CTAHUHOH-
HOH W rayxux uacTed, u amanue I'3C, sriHecenHoe B HIKHMIE 6vedp. B Gyny-
lueM MPelycMOTPEHO COOPYIKCHME HAKJAOHHOFO CYNONOABEMHHKA.

Huxe Kpacrospckoir 3C  cxemoii NPEeLyCMATPHBAETCA CTPOHTEALCTBO
#a Enucee Tpex xpynueiimnx THAPOIJAEKTPOCTA HIHII.

Cpenue-Enuceiickas 'ac¢ NpOEKTHPYETCR BOAHIN YCTHLEBOro ywacTka Ad-

_Tapel, rie Enuceit npopesaer otpornm Emuceiicxoro Kpaxa. Creop OcuHos-

Canrenan 30

Enucederan 3¢

OcturoBexan £3C

i

Puc. 3. Cxema kackaga rugposnexTpocTanuui Ha Enncec,

CTTTTOE TR TR T TRy -

¥ L

ars.s

e W N A

«F g

Declassified in Part i Sanitized Copy Approved for Release 2013/11/07 : CIA-RDP80T00246A025800070001-8

Declassified in Part - Sanitized Copy Approved for Release 2013/11/07 : CIA-RDP80T00246A025800070001-8



Qecla.\ssiified_ in Part - Sanitized Copy Approved for Release 2013/11/07 : CIA-RDP80T00246A025800070001-8

A

ckofi TAC namedaetcn smwe hatenns Honkamennoi Tynryckn. W camoft
uiKHeA cryncubio na Enncee sBHTCA Hrapekas IC.

Mcnonbaosanie B HAPOAHOM XO3RficTBe SHEPriHH Anrapo-Ennceitcxoro
XaCKaZa THAPOINEKTPOCTaHUMA Gyaer CONeHCTBOBATH 3HaTNTENBHON DauHOHA-
AM3anHed TOMAHBHO-3HEpreTHYeCKoro Guaawnca Coserckoro Cotosa. Hocratod-
Ji0 CKa3aTb, YTO THAPOIHEPTHA TOALKO TPEX MEPBOOHEPE/UbIX rHApOINEKTPO-
cranumuii Kackaja — Mpkyrtckoi, Bpatckoi KpachoapcKofi—Racy IKOHOMHIO .
yroaLHOro TOMJHBR He MeHee 18—20 Man. T B TOA. ',

Ha 6aje sTHX nepBOOYEPERHEIX FHAPOINCKTPOCTAHUWA PAIBEPHYTH Ppa- EPER
6OTH 7O CO3NAMMIO eIHHON SHCPreTHYECKOH CHCTeMb Uenrpansioit Cuoupn R
(or Hosocubupcka no Hpkyrcka). to obbeaunenune GYAET OCHOBHBIM 3BC- .
tom Eaxmnoft BbicoKoBoabTHOR cetn CuGupH, roTOpas B nanbHefieM COeaH-
nutea ¢ EpnHofl BHICOKOBONBTHOR CETHIO Esponeiickoft wacra n Boffer B Gy-
Aymywo EAuHYI0 91€KTPOIHCPTETHUCCKYIO CHCTeMy CCCP.

CxeMa ncnoasaosains Awraps u Enuces, a8 TaKXe NPOCKTH FHAPOINEK- . s
TPocTaHuUHA HA HMX COCTABJCHH UHCTHTYTOM «'HApOSHEPronpoeKT». . e

TpocnekT mMOAroTOB/AEH HHCTHTYTOM «unpo-
SHEPTONPOCKT> COBMECTHO ¢ OTAENOM BHCTABOK Mo T
mHcTHTYTa «OpraneprocTpofls. ! o
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USSR, Ministry of Power Station Construction Development of the Inguri River, Moscow 1962

Utilization of the large resources of water power in the Re-
public of Georgia is of special importance in connection with
rapid growth of power in the three Transcaucasus Republics
and not very favourable prospects oi the fuel balarice in this
territory. Due to this. the Inguri River, the most powerful water-

_way in the Transcaucasus, attracts exceptional. atiention.

The Inguri River is about 220 ki long, with a source on the
southern sides of the Main Caucasian Range. Of the total catch-
ment area of 4,060 sq. km, 79 per cent is higher than 1,000 m
above sea level. The total drop of the river is 2,600 m including
900 m already in use for power in the middle course of the ri-
ver. The water power resources of the stream exceed
12,000,000,000 kWh, of which 9,000,000,000 kWh may be used

.with high efficiency. The mean annual flow at the most lower

site of the used course is equal to 156 cu m per sec. and the
rnimum flow is 17,9 va. m per sec., with design flood flows 4>
sumed as 930 cu. m per sec. (5% frequency) and 2,120 cu. m
per sec. (0.1% frequency).

The geological structure of the river basin is complex. In
the region of construv :on of large proposed hydro projects, por
phyrite, limestone and tough shale prevail. Youth of the river
gorge and soundness .i the rock are responsible for the very
steep slopes and a number of narrowings where high dams may
be constructed with good economical characteristics.

The. optimal scheme of development of the middle course of
the Inguri River has been solved in the fe.im of a lwo-stage cas-
~ade consisting of *!". Toha'i and Ingu: derivation hydroelectric
stations with two additicaa’ stations on the drops of the headrace
canal.

The Tobari hvdroelectric station witt an in-'ulled capacity
of 1,000,000 k\W and an outpul of 3 “0000,0C KW Lulizes a
head of 560 m, 212 m being created bv a rock-fill dam The head-

race pre~surc tunnel ic derignes £ a flow Voo ar per se

—

Part of the runoff of the Humpreri and Nakra tributaries is di-
verted into the reservoir and nart of the ruaofl of the Nenskra
iributary is transferred to the pressure headrace canal. The un-
derground powerhouse will have four vertical units, 250,000 kW
each, with Pelton turbines. The used water is discharged through
a iree flow tunnel into the Inguri reservoir.

The downstream Inguri power station uses a drop of 445 m.
The dam is located upstream of the influx of the Magana River,
the last large tributary, where the river valley transforms into
a gorge known as the Javar Canyon and where the Inguri River
enters the seaside plain.

The high dam in the Javar Canyon allews to create a reser-
voir with a total volume of ahout 1.5 cu. km, of which more
than 1.2 cu. km may be used for runoff control. The Javar site
is very favourable for construction of a high dam both due to
its geological conditions and due to the fact that the flosded
area in the middle course of the river is not populated aud has
no agricultural value. The head formed by the dam iz equal to
256 m. )

" The use of the drop of the river between the Javar Canyon
and the sea is possible only in derivation plants with alienation
of areas under valuable perennial crops of the subtropical zone.
Therefore, the runoff regulated by the Javar reservoir wiil be
used more efficiently ii diverted through 18 kmv tunnel into the
basin of the neighbouring Eris-Tskali River. In this case, the
hvdroelectric station will gain an additimal head of 189 m.
A significari part of the remaining drop between the hydroelec
tric stat.on and the sea may be effectively used in two drop hy-
droclect: . stations instal’ed on the vailrace canal straighit-ning
the natur | channel of the 1 ris.Tek i RI-or. The econ veical
effect of ~ .ersion iz 0 Lasud e aftes o n4s been execut
ed the district in the lower course of the Inguri River will cease
te he periodicallv . led and thera witl we no sthsuguent
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erosion of banks by floods leading to the loss of valuable agri-
cultural lands and Telocation of populated localities.

Water supply to the region downstream of the hydro project
after diversion of runoff flow will.be based on use Of the runcff
of the Magana River and releases from the reservoir.

The hydro project at the Javar dam is located near tiie rail-
road in a populated district with soft climatic conditions, and
construction may be started immediately.

The Inguri hydroelectric station and the two drop hydroelec-
tric stations utilizing its tailrace water are considered as one
project. The construction of the Inguri hydroelectric station was
started in 196].
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Inguri hydroelectric station. Headwork structures crest. on
Barreér;ian lijmestoncs dipping along the river at 60 to 70°. W’lt.}.ll{l
the recent valley flat and river bed the bedrock is covered \\rl}E1
bor'der-gravel depocit- of a thickness of 35—40 m. On thc
of ti. 2t | are laige boulders, small weathered zones

i i i t the
d separate fissures, Limestones are slightly karsted a
:L?rfacs:e,pand karsting is not developed at a depth over 10 m. The

seismic -activity of the district is 7 point.

e
&
Scheme "of development of
Inguri River. -
!—lpari project; 2—Latali project;
\ 3—-Pari project; ¢--Tobari pro-
{_) ject; 5--Inguri project; 6—drop

station N, 17 7—drop station No 2;
8—forebay: 9—surge shaft: 70 —
water intake for maln hecadrace;
11 —wates intake for additional
7 s.pplyi 12—invert syphon.
N 2 /.
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The main headwork structure is an arch dam forming a
reservoir of a total volume of 1,550,000,000 cu m and a useful
volume of 1,250,000,000 cu m with 90 m drawdown. The dam
will be-elastically embedded along its contour in the rock foun-
dation and the wedge-shaped plug closing the narrowest part
of the canyon. The ratio of the crest chord to the height
of the dam is 2.44 and of the maximum thickness of the arch
at the foundation to its height is 0.191. The total volume of
mass concrete makes 2,900,000 cu m. Surface grouting in the
dam foundation is provided for a depth of 6 to 10 m, and a two-
row grout curtain is made down to 83 m.

Maximum flow is discharged through the spillway at the
crest consisting of six 18-m spans with automatic gates
with a head of 3.5 m. When spilling floods with frequency
of 0.1% with respect to routing by the reservoir, 1,500 cu m

per-sec. (specific flow of 14 cu m per sec.) will be discharged

downstream.

River flow diversion during construction is through a 700 m
diversion tunnel with trough-shape section with a bottom width
of 16 m and a height of 14.8 m. The tunnel bottom has 40 cm
concrete lining and the vault is reinforced by gunite. The side
surfaces of the tunnel have no lining.

Water from the reservoir will be taken through two high-head
water intakes with a flow of 460 cu. m per sec., with vertical gate
control shafts, 126 m deep. )

The pressure headrace tunnel of 9.5 m diameter passes main-
ly in upper chalk limestone of high strength (1,000 kg per sq. cm)
and elastic values (800 kg per cu cm). At the beginning the
tunnel route intersects a fault zone of a length of 80 to 100 m.
During the construction period the water seepage into the tun-
nel may reach 200—250 cu m per hr at the face. The head in
the tunnel varies from 135 to 160 m. The total excavation for
the headrace tunnel will make 1,700,000 cu m and underground
concrete 345,000 cu m. The tunnel route intersects the canyons
-of the Olori and Eris-Tskali Rivers by open steel conduits of a

" diameter of 8.5 m placed on bridges of prefabricated reinforced

concrete. For the major length of the tunne} in the very tough
‘and dense limestones wits a rock-hardness ratio of 8- 10, a new
type of one-layer concrete lining, 40 cm thick, is used, with al.
lowable cracks and limited opening (instead of the usvally iised
combined lining for similar conditions). The use of such lining

-in the high-head tunnel of the Inguri hydroelectric station allows

to somewliat cut invesiments and time of construction.
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Scheme of Inguri hydroelectric station.

a—longitudinal section of station structure; b--plan; f—arch dam forming Javar reser-

voir; Z—pressure tunnel, 15,5 km long; 3—surge shaf; 4— underground powerhouse; 5

tailrace tunnel, 2.2 km; 6—Gha'i reservoir; 7-drop station No Ii 8—tailrace canal,
24.5 km straightening Eris-Tskali river bed.

‘The initial 120-m part of the headrace tunnel inlersects highly
fissured, crushed and broken limestone; thick concrete lining
and 12-mm steel lining are provided in this part.

A two-chamber surge tank with an 18-m shaft has been de-
signed. The lower chamber i3 the underground type 115 m long,
with an excavated section about 130 sq. m, and thie upper cham-
ber is the open type, concrete lined, 40 X 185 m, and 10 m deep.

The two-line underground pentsock begins at the butterfly
gates chamber of a size of 41x9.3 m and a height of 20.4 m. The
chamber adjoins with the access tunnel 130 m long with 9 x
X9 m section, which is constructed during the first stage; remov-
al of rock and delivery of materials are organised through this
tunnel,

ki
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Nun:erous lava streams and sheets which had been flowing
toward the Raidan Valley were then eroded and later buried by
new masses of lava, sometimes underlain by alluvial deposits.

The thickness of recent alluvium in the river bed varies from
1 to 40 m.

Tectonics of the district is dominated by foldings.

An earthquake in the Razdan Valley is assumned to have an
acceleration -equal to 0.05—0.025 of gravity.

The lake consists of (wo parts: the deep-water western part,
with a surface area of 239 sq km, known as the Small Sevan,
and the eastern part, of an area of 1,777 sq km, with depths
not exceeding 50 m. This part is called the Big Sevan.

The idea of using the water of Lake Sevan is to increase flow

" from the lake by decrease in evaporation from the water surface

ed for Release 2013/11/07 : CIA-RDP80T00246A025800070001-8
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due to reduction in the surface area of the lake. This is achieved
by lowering the water level of the lake by 50 m.

The water balance of the lake will be as follows. Water arriv-
ing into the lake in a volume of 912,000,000 cu m will be com-
posed of runofl irom the rivers and streams which discharge into
the lake, 816,000,000 cu m, and precipitation within the water
surface area, 96,000,000 cu m. Water departing fromn the lake will
include evaporation from the surface 215,000,000 cu m, and total
outflow from the lake, 697,000,000 cu m. .

The increase of flow from the lake allows to solve the problem
of irrigation of 120,000 hectares of the valley flat of the Razdan
Rhivelrkth-rough which the excess water is to be discharged from
the lake.

Before using the water for irrigation, the flow may be used

~ for power at large drops.

Lowering of the lake level by 50 m was to be carried out du-
ring 50 years,
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_ Longitudinal section of cascade.
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The uppermost part of the useful water volume of the lake
was found possibie to utilize through lowering the vater flevel
by dredging and deepening of the Razdan River bed at the
source, In 1944, construction of a high-head water intake from the
lake was started, as well as the first stage of the cavcadv-~the
Sevan hydroelectric station.

In 1961, when the Yerevan hydroelectric station was put in
operation, the entire Sevan-Razdan cascade consisting of six
hydroelectric stations was completed.

Scheme of Sevan-Razdan cascade. The use of water of Lake
Sevan and the Razdan River for power is accomplished by a cas-
cade of six hydroelectric stalions, with a total capacity of
560,000 kW and output of 2,300,000,000 kWh. The cascade uti-
lizes the total drop of about 900 m on the uopper and middle
courses of the river. .

The Sévan water intake serves as headwork of the entire Se-
van-Razdan power-irrigation system.

Lowering the lake water level by the first 10 m was accom-
plished by the water intake of the first stage, and by the second

-10 m by a similar structure of the second stage.

The water from the lake flows into the Razdan River about
80 m lower than the initial level of the lake.

Hydrozlectric Stations, Sevan-Razdan cascade

2q By | Length of de- | S58 | Instared
328 | gElgSE | 52 | rivation km | 285 | capacity.
Statfon sS5c| pE|FSE,| 5 I 552%e | thousands
£252| A2133338] 25 [Tunnel l canal | S8£3 kW
Sevan . . . .[1948 44 70 2 5.5| 1.0 Lake .34.0
Atarbekian . .[1959 |136.5] 70 2 6.4 7.8 — 81.6
Ciumush . . . {1953 285 90 4 11.3 6.5 | 4400 224 .0
Arzndl . .. L. 1956 118 70 3 4.1 3.8 300 70.5
Kanaker . . .[1936— ]| 169 | 73.8 6 4.1 3.5 150 102
1941
Yerevan . . . 1961 87 62 2 2.7 | — 120 45
Total of .
the cas- : ’
cade . . — 1839.5 — — _ —_ — 557.1
1

Characteristic features of the Sevan-Razdan cascade are as
follows: all stations are of derivation type with headwork of low
head (dams under 20 m); discharge structures of the headwork
have a capacity of not more than 300 cu m per sec.; except for

the Yerevan hydroelectric station, all other have free flow deri-
vation; efficient power flexibility of the entire cascade is en-
sured by storage and pondage basins at the largest hydroelectric
slations.

The nse of water of Lake Sevan and the Razdan River for
irrigalion is carried out by 17 canals beginning at different sta-
ges of the cascade. depending on the location of the irrigated
lands. Small water intakes are provided on the derivation canal
of the Atarbekian hydroelectric station; water in a volume of
110,000,000 cu m for irrigation is taken by three canals from
the derivation canal of the Giumush hydroelectric station. The lar-
gest irrigation canal of the Sevan-Razdan syslem is the Arzni-
Shamaram canal beginning al the forebay of the fourth stage of
the cascade, the Arzni hydroelectric station, and irrigating

. 30,000 hectares of land on the right bank. Two canals and a

pumping plant use 76,000,000 cu m from the derivation canal of
the Kanaker hydroelectric station. Downstream from the Yerevan
hydroelectric stalion on the Razdan River, the right bank and
ieft bank canals take 192,000,000 cu m of water.

The canals use a total of about 700,000,000 cu m of water
annually, with a maximum flow of 65 cu m per sec.

At .present, 1962, 14 irrigation canals supply water to an
area of 66,000 hectares out of 120,000 ha to be irrigated in future.

Sevan hydroelectric station. The first stage of the cascade
ensures water intake from the lake under a constantly diminish-
ing head; the underground powerhouse with water discharge
structures is located immediately at the lake.

The headrace.canal to the water intake passes along a sec-
tion of the bottom of the lake composed of silt and partly por-
phyrite.

The water intake is made in 3 stages at diiferent elevations
and at various points. At present, the second stage of the water
intake is working.

In the rear wall of the water intake on the bank located in
highly eroded tuff-andesite is the inlet portal of a section of 5X
X 5 m connected with the penstock, 4.4 m in diameter, by a tran-
sition section. The penstock consists of the upper horizontal part,
the middle inclined part, at 30° to the horizontal plane, and the
lower part. The upper horizontal and inclined parts were excavat-
ed in highly disintegrated porphyrite. The powerhouse of the
Sevan hydroelectric station is located 100 m below the ground
level in luff-breccia and consists of the turbine and discharge
blocks, each 13.1 m wide.
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| ‘ ; : ) - o Sevan hydroelectric station.
’) n . ) 1—forebay; 2—power tunne!; 3—underground powerhouse; 4-access tunnel;
' 5—tailrace tunnel.
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1 Longitudinal section of Sevan
! hydroelectric station.

1—forebay; 2— power {unnel; $—underground
powerhouse; 4—air shaft; §—tailrace tunnel.

The powerhouse has two Francis {urbines, and the discharge
block has two spherical and two vertical needle gates.

Downstreamn, the turbine block adjoins 1o the discharge cham-
ber passing into a free flow tunnel, 5.5 km long.

i The tailrace lunnel was driven under complex geological and

‘ hydrological conditions, with tuff-breccia, tuff-sandstone and
porphyrite on the route, partly strongiy disintegrated. The rocks

) contained underground water, with the table level 80 m higher
than the elevations of the tunnel. Water inflow in one of the sec-
lions was 104 cu m per hr.

Atarbekian hydroeleciric station. The tailrace canal of the Se-
van hydroelectric station passes into the headrace canal of the
Atarbekian hydroelectric station. The headworks rest on alluvial

: clay loam underlain by sand-gravel formations.
l The free flow derivation, 14.1 km long, consists of three canal
sections of a total length of 6.3 km.

According to the number of units, the forebay basin of con-
venlional design has {wo openings, each 4.5 X 6.3 m. The initial
part of the two-line steel penstock is 100 m long and 4.20 m in
diameler. The second part consists of {wo vertical shafts, each
82 m high and 4.2 m in diameter, with concrete lining and steel
jacket. The last, downstream part, 120 m long, 3.8 m in diameter,
is made as a horizontal tunnel with steel lining.

se. 2013/11/07 : CIA-RDP80T60246A025800070001-8

The Atarbekian powerhouse of the outdoor type rests on fis-
sured limestone.

The powerhouse has fwo units with Francis turbines. The
furbine gates are the spherical type.

Giumush hydroelectric station. The headwork composed: of the
rockfill dam, 14.5 m high and 117 m long, with clay loam blanket,
creates the Akhparia reservoir whose useful volume is

- 4,100,000 cu m, with 3 m drawdown. The dam foundation is com-

posed of andesiie-basalt on the left bank, of alluvial deposits in
the river bed, and of marl sandstone on the right bank.

A discharge structure is provided at the leit bank for the
passage of flood flow, in the construction and operation period,
for flushing of siit and conveying of ice and floating bodies.

The waler intake of the bank type has three openings

The free flow derivation, 18.3 km long, consisls of four tunnel:
scctions of total a length of 11.4 km separated by three canal
sections.

The derivation route at the last section intersects a saddle”
by an aqueduct bridge between the ouilet portal of tunnel No 4
and the pondage hasin located on a lyparite hill. :

In the headrace flume, within the limits of the pondage ba-
sin, is a regulator to direct the water from the derivation into the
pondage basin or, by-passing it, into the forebay basin which is

7
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Sevan underground powerhouse.

J—power tunnel; 2—spherical gate; J—power
unit; 4—air shaft; 5—tailrace tunnel,

AT

hydraulically connected with it by bottom openings in the enclos-
ing wall.

According to the number of units, the penstock consists of 4
lines of 3.0 to 2.0 m in diameter.

The powerhouse of the hydroelectric station is of the outdoor
type; aggressive groundwater seeps into the entire area of the
foundation, thus requiring special protective water-proofing. Be-
cause of the lack of space, the step-up transformers are located
on the opposite bank.

Arzni hydroelectric station. The headwork of the Arzni hydro-
electric station, located 2.4 km downstream of the powerhousa of
the Giumush hydroelectric station, consists of the following: mas-
sive concrete dam 23 m high and 51 m long, including a spillway

8
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25 m long with a stilling basin; water intake with two openings
of 5 X 4 m closed by sliding gates and two flushing galleries of
3 X 2 m section. X

The derivation 8 km long along the right bank is of the free
flow type and includes two tunnels of a total length of 4.1 km, two
canals of a total length of 3.9 km, and two aqueduct bridges.

The power station consists of a forebay basin with waste
spillway in the form of a battery of syphons, regulator discharg-
ing water into Arzni — Shamiram canal, ice chute, penstock,
surge basin and underground powerhouse.

The steel penstock approaching the sicep precipice of the Raz-
dan River passes inlo a vertical shaff, 100 m deep and 4.2 m in
diameter, above which the surge tank is situated.
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Longitudinal secti'n of Atarbekian hydrocl ciric station.
I—downstream portal of Sevan tailrace tunnel; ?—cana’; $—iree flow -

for tunnel driving; 5-- forebay; 6— penstock; 7 —powerhouse; 8—;au}:lc1:eclénzl; shait 7 8

9—Giumush head reservoir.

. At the elevation of the turbine centre line the shaft having
steel jacket turns into a horizontal tunnel with three branches
delivering water to the turbines,

Kanaker hydroelectric station. At the headwork site the banks
of the canyon consist of basalt streams, while the river bed con-
" sists of alluvium of great depth. The head water intake structures
include: a spillway with four automatic radial gates; the flushing
bottom openings at both banks of the dam closed by sliding
gates; the water intake with two openings with sliding gates, and
the trash rack installed on the water intake sill.

Of the overall derivation length of 12.5 km, the length of open
canals is 8.28 km, of tunnels 4.14 km and of aqueduct bridges
0.08 km. All canals have concrete lining. )

The pondage basin located at the end of the derivation has
a useful capacity of 150,000 cu m, with a 3 m drawdown.

The foundation of the pondage basin consists of andesite-ba-
salt, sandy loam and clay loam. o

T

Fig. 7. Glumush hydroclectiic station.

The basin is separated from the canal by a sluice with four
botiom openings. The forebay basin localed at the end of the peak
canal consists of the forebay chamber where the four lines of the
penslock begin and of the basin proper with a debris-ice spillway
and waste siphon spillway.

Each of the two stee! penstocks supply water to two units; of
two other each serves one unit.

In the outdoor powerhouse are 6 units.

The step-up substation, 35/110 kV, is located upstream from
the powerhouse. ’

Yerevan hydroelectric station. The headwork of the Yerevan
hydroelectric station is located 1 km downstream of the power-
lhouse of the Kanaker-hydroelectric station. The 21-m rockfill dam,
with crest length of 80 m. permits to use the drop of the Razdan
River from the tailrace canal of the Kanaker hydroelectric station;
this creates a reservoir with a useful capacity of 120,000 cu m.

‘The dam foundation consists of alluvial deposits underlain
in the river bed at a depth of 8 m by rich gypseous clay.

1 —aqueduct; 2 forebay and daily pondage basin; §— penstock: 4-—powerhouse; (]

5110 KV switchyard; 6~-Razdan River.
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General view of Giumush hydroelectric station.

Complex geological conditions were encountered on the right
bank of the reservoir where a thin layer of deluvium was under-
lzin by highly fissured basalt. Such geological conditions re-
quired special anti-seepage measures.

The two-row outlet works for 265 cu m per sec. has two ope-
nings in each row. The waler intake adjoining to the left abut-
ment of the outlet works has two openings and a total capacity
of 62 cu m per sec. °

The pressure derivation {unnel, 2.8 km in length and 4.4 m
in diameter, is driven under complex geological conditions
through Miocene clay, highly disintegrated basalt and basall
slag.

10
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The pressure tunnel passes into a penstock, 281.5 m in Jongth
and 1.4 m in diameter. made as an inclined tunnel, at 21° slope,
with {he <teel jacket encased in concrete. A reinforced concrete
surge tank 13'm in diameter, is erected above the bending point
of the penstock.

At the turbine level, the penstock branches into two lines, ac-
cording to the number of units.

Tle po-.erhouse nf conventional type with turbine hutterfly

gales rests on weathered basali; on the upstream side, along the -
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Machine room of Giumush hydroelectric station.
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| ‘Headworks of Arzni
hydroelectric station.
-
1 — cofferdam; 2 —diversion
tunnel; 3--dam; 4-—headrace
‘ tunnel intake: 5—headrace
i tunnel; 6—chute of flushing
opening.
1
1
a ‘ »
5
. . 25,4
’ 32,5
i

- Longitudinal section of Arzni hydroelectric station.

{ —headworks; 2—free-flow tunnel; 3—canal; 4—forebay; 5—free-flow tunnel; 6-—surge
shait; 7—pressure shait; 8 —underground powerhouse; 9—Fazdan River.

11
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Yerevan hydroelectric Station layout.

I—rock-fill dam, 21.0 m high; 2— water intake of headrace tunnel; S— headrace tunnel,
) 2.78 km long; 4—surge tank; 5— underground power station; 6— talirace tunnel.

entire length of the powerhouse an annex is provided for the
switchyard of 6.3 kV.

Further operation of the. Sevan-Razdan cascade. The hydro-
electric stations of the Sevan-Razdan cascade, from the time of
putting into operation of the first hydroelectric station (Kanaker
hydroelectric station), have produced by 1960 inclusive
22,400,000,000 kWh, this being of utter importance for the
development of -economy of Armenia devoid of any other power
resources. Drawdown of the ancient reserves of Lake Sevan also
allowed to irrigate large areas of [ertile lands in the Araral Val-

12
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ley and foollills of the Aragatz Mountain and Gegam Range
which were in the past a semidesert area.

At present, on the basis of the general growth of the national
economy, new possibilities have arisen .to meel power fields
of industry and agriculture. New immense gas reserves
have been investigated and used for industry in the Caucasus;
Armenia, for example, receives gas from the Karadag fields in
Azerbaijan. Preconditions have been created for construction of
powerfui steam electric stations working on natural gas. Inter-
conuection of all the thice power systems in the Transcaucasus

¥




Fig. 13. Section of Yerevan hydroelectric station.

I—reservoir; 2-—headrace tunnel intake; 3-headrace tunnel, 278 km long; 4—surge
tank; 5—underground powerhouse; 6—tailrace tunnel.

greates the. possibilities for energy interchange between the sys-
erms.

The new power possibilities allow to considerably reduce
drawdown from the lake and to preserve its level at a higher
elevation near the existing levels. Decreased drawdown from the
lake will have no harmful effects on irrigation, as the construc-
tion of new engineering systems and the reconstruction of old
ones is to be carried out on the basis of modern irrigation engi-
neering of much higher efficiericy. Reduction of water consump-
tion from Lake Sevan is to be achieved also by higher intensity
of use of groundwater. )

All of these possibilities will allow, beginning from 1965, to

reducé drawdown to 500,000,000 cu m, including 380,000,000 cu m
for irrigation and 120,000,000 cu m for power. :

By 1965, the water surface of the lake will be lowered by
6 m more, i. e. a total of 20 m, this being the technical limit of
possible drawdown by the existing water discharge structures. At
this drawdown the free flow of water from the lake increases
from 110,000,000 cu m to 170,000,000 cu m.

When drawdown from the lake for power purposes is disconti-
nued, the Sevan-Razdan cascade will be used in the united power
system of the Transcaucasus for covering the pesk loads, as
the reserve of the system, and also as a multi-year regulaior in
the energy system.
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-.The Kﬁ\:ami River flows entirely within the Republic of Geor- The Khrami hydroelecttic station No 3 with low-head head-

‘gia. The source of the river is on the southern slopes of the work has a canal and free-flow tunnel headrace, Wwith pondage

Trialet' Range of the Small Caucasus at a height of over 2,400 m; at the end of the derivation. The mean annual flow at the dam

- the river flows into the Kura River. The length of the river is site is equal to 21.7 cu m per sec. The powerhouse of this hydro-

.. 290" km; the catchment area is 8340 sq. km; almost half electric station is located on the bafik of the Mashavera River,

- (4,080 sq. km) of the area belongs to the largest tributary. the the right tributary-of the Khrami River. ’ <

- Dedet River, flowing into the Khrami River not far from its mo- Because of the danger of landslides the scheme of the Khrami

© uth: . River in its natural course had to be rejected. Besides, diversion

The upper part of the river flows on a mountainous pldteau, of flow toward the Mashavera River will cause a slight increase
- while downstream of the village of Tsalka the river enters a gar- of head.

row and deep canyon to the village of Arulo. Three hydroelectric Power installations downstream of the Khrami f]ydroe]ectrTC
i e ocestations are designed on this length of the river. , station No 3 are of low efficiency. .
) Further the river enters the Borchalo plain where ir;igaiion The_scheme alfo provides for diversion ‘of part of the flow

is widely used. . from tfx’@ adjacent walershed of the Paravani River into the Khra-
. "The plan of development of the Khrami River provides for a i River. The source of the Paravani River is on a mountainous

regulating storage in the Tsalka kettle and for power develop- plateau with a large number of lakes. The Paravani River flowing

ment of the lower part of the river in three stages using a drop out of a lake of the same name has a mean flow of'1.48 cu m
of about 1,000 m. The size of the Tsalka kettle made it-possible per sec. and 6.42 cum per sec. where it flows out of the Lake Sa-

with 32 m dam to create a storage -of a total capacity of gamo. Divérsion is planned of the entire flow of the Paravani-

312,000,000 cu m with useful capacity of 292,000,000 cu m, this River where it leaves Lake Sagamo. Except for the
being sufficient for multiyear runoff control taking into account losses resulting from evaporation and percolation, approximately
the mean annual runoff of 308,000,000 cu m. . 200,000,000 cu m of water can be diverted into the basin of the
The Tsalka dam is the headwork of the first stage of the cas- Khrami River. - .
cade, Khrami hydroelectric station No 1, put into operation in High natural regulation of the diverted runoff and Khrami
1947. The headrace tunnel straightens the big river bend and (Tsalka) reservoir incréase to a great extent tie regulating
a head of 370 m is used at the hydroelectric station. The Khrami possibilities of the power system of Georgia in which the major
station No 1 covers mainly the upper peak portion of the winter part of hydreelectric instailations are the run-of-river stafions:
load curve of the Georgian power system. oulput at the hydroelectric stations of the Khrami cascade will
The second stage of the cascade, the Khrami iy duoelectrie  rise hy 469,000,000 kWiu per ycar, including 187,000,000 kWh

station No 2, is also a derivation installation with low intake for the Ist stage, 175,000,000 kWh for the 2nd stage, and

dam located directly downstieam of the tailrace canal of the 107,000,000 kWh for the 3rd stage.

powerhouse of the upstream Yorami stston No 1. T nean Besides, the power balance should reflect the fact that the
annual flow at the dam site is :3,7 vu m per sec. The Khrami  output of the installations on the river Kura, into which the ri-
station No 2 has wide possibilities of daily flow control. ver Paravani discharges, will decrease by 100,000,000 kWh.

2
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Khrami—Paravani scheme.
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L “Khrami hydroelectric station No 1. Khrami hydroelectric sta-

tion No 1 is a high-head derivation plant with storage of multi-
year regulation of runoff, created by a dam of a maximum height
of 32 m. The canyon at the dam site consists of igneous rock in
the form of alternated strata of andesite-basalt, clay loam burnt
with lava and volcanic out-bursts.

The body of the dam is of rockfill supported in the down-
stream section on a zone of dry masonry of large stones. The
upstream cutoff of reinforced concrete is embedded in dolerites
underlain by lacustrine clay strata on andesite-basalt lava.
Grouting the dolerite from the cutoff creates a reliable curtain
at the bottom of and around the dam.

The upstream slope of the dam is 1:1.35, with a berm 3 m
wide. On the upstream face the rockfill is covered by dry mason-
ry of large-size flat stones with a thickness of 5 m at the bottom
and 2.5 m at the top. The dry masonry is covered by a levelling
layer of concrete of an average thickness of 0.1 m on top of

‘which is a reinforced concrete layer 0.4 m thick.

The welded membrane is made of stainless steel plates 8 mm
thick. The face is connected with the cutoff by a special compen-
sator. The overall weight of the face is 286 tonms. ’

The headwork also includes a 6-opening concrete waste spill-
way for 500 cu m per sec. on the left bank of the canyon, bottom

3
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2

Longltudiual section of Khrami No 1 hydroelectric station.
I—waterln(ake 2—gale control shaft; 3—tunnel; 4—reinforced concrete _pipe-line; 5—surge shalt:.

—powerhouse.-
v

R

outret for 80 cu m per sec, (the dlversmn turmel is used) and '

water intake.
The high-head water mtake is de51gned for 36 cu m per sec.

(the design flow at the hydroelectric station). At a distance of °

44 m from the portal of the water intake is the shaft housing
the butterfly gates of a diameter of 4.5 m each.
The derivation consists of pressure tunnel No 1 of a length

_ of 1,378 m, reinforced conerete pressure conduit of a length of

1,318 m and pressure tunne!l No 2 of a length of 4,856 m; the

" total length of the derivation is 7.55 km. The head at the begin~

ning of derivation is 26'm and at the end 68. 2 m. The tunnel has
a cjrcular cross-section with an inner diameter of 3.2 m. For
most of its length the tunnel is driven in andesite-basalt; ihe
reinforced concrete conduit rests on clay. The tunnel lining con-
sists of 0.35 m’ concrete rings and reinforced gunite of 6 to
10 cm 'thick. In conpact zones and clay the tunnel section is of
oval outline and is sfretched -along the horizontal axis; the lining

- of reinforced concrefe is from 0.5 to 0.7 m thick with 3 cm of

gunite. .

The surge shaff has two chambers, the upper of 3,060 cu m
capacity and the lower of 700 cu m capacity.

The penstock has one-line and three-line sections. The one-line

"initial section is a vertical shaft 43.7 m long, 3 m in diameter,

with' steel lining from 12 to 22 mm thick. Then begins one-iine

_horizontal section in a tunnel with 4.4X4.6 m cross-section. The
horizontal one-line conduit by a manifold transforms into an

4
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inclined three line sectlon 585 m long, from 175 to 1.5 m in
diameter, with walls from 16 to 41 mm thick.
The powerhouse is of the outdoor type and has three 4-nozzle

. Pelton turbines of a capacity of 37,600 kW each.

The Khrami hydroelectric station No 1 was constructed in
complex geological and hydrological conditions, The storage ba-
sin has highly fissured bedrock basalt and andesite-basalt which
are not everywhere covered by lacustrine deposits of sufficient.
thickness to prevent leakage of water from the storage. Inade-
quate protection of the slopes and the difficulties of the arrange-
ment of impervious blankets necessitated lowering of storage ele-
vation by 5 m as against the previously assumed value.

According to the data frcm continuous water-balance inves-
tigations begun in 1950, the seepage losses from the Khrami re-
servoir have reached 2.16 cu m per sec. as an average, i. e. ex-
ceed /s of the mean monthly flow at the dam -site.

In order to diminish losses due to seepage special impervious.
blanket is provided in the bottom and on the sides which mea-
sure will allow to raise the reservoir elevation.

Complex geological conditions were also encountered along:
the route of the penstock: the upper part of the slope consists
of highly fissured weathered granite with.considerable deluvium

]
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General view of dam.

deposits, and the lower part is split by a number of large fis-
sures, mainly parallel with the cliff.

To prevent failure of the penstock, a number of measures
were taken to diminish leakage from the surge shaft and to drain
and unload the slope.

Khrami hydroelectric station No 2. Khrami station No 2 uses
the flow of the Khrami River regulated by the reservoir of Khra-
mi hydroelectric station No 1, 322,000,000 cu. m, additional flow
between the sites of the dams of the Ist and 2nd stages,
110,000,000 cu. m, and the diverted flow of the right tributaries
of the Khrami River, the rivers Chachiani and Karabulakh with
a total flow of 145,000,000 cu. m. The headwork of Khrami No 2
creating a head of 9.3 m is located 0.5 km downstream from the
powerhouse of Khrami No 1.

Upstream of the dam, on the right bank of the river bed is
a pondage basin with a useful capacity of 240,000 cu m into
which clean water discharges after having passed through Khra-
mi hydroelectric station No 1.

The free-flow water intake has two openings, one for water
intake from the pondage basin, and the other from the settling
canal; each opening is designed for the total derivation flow of
40.5 cu m per sec.

The water from the intake passes into the rzinforced concrete
pressure conduit 133 m long and further into the derivation
pressure tunnel. .

The two-chamber strge shaft has a 3 m diameter and is
41.4 m high. The flow of the Karabulakh River, the right tributa-
1y of the Khrami Rive- is delivered to the upper chamber of the

5
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S : . ' . : Cross-section of dam.
<7 £ —run of quarry rock:fill; 2—-fill of large stone; 3 —dry masonry; 4-—~steel face; 5—cancrete 6 —grout curtain; 7—-clay
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Section of Khrami No 2 hydroeiectric station.
N Lo 1—powerhouse; 2 —daily pondage basin; 3—Intake; 4—tunnel; 5—bridge-aqueduct; 6~—surge shait; 7—gates chamber; 8~ uriderground’
: penstock; 9-~ventilation shaff: 10-~underground powsrhouse: 1/ --tailrace tunnel,
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" Rock-fill dam of Khrami No 2.

t—reinforced concrete diaphragm; 2—concrete cutoff; 3—grout curtaln; 4—clay face; 5—f{ilter; 6 —rock-flil;
. 7-—reinforced concrete derivation.

surge shaft by a free flow tunnel. Butterfly gates chamber is
at a distance of 38 m from the axis of the surge shaft.

The shaft penstock has one line sloping at 35°, aud a length
of 600 m. At the lower part are the chamber of the spherical
gates before which the penstock branches into two lines.

The underground powerhouse has two vertical units with a
total caparity of 110,000 kW.

The used water enters two discharge chambers and then into
the free flow concreted tailrace tunnel of a length of 1,200 m.

The Khrami hydroelectric station No 2 uses the flow of the
right side tributaries—the rivers Chachiani and Karabulakh.

-

On the Chachiani River water intake without dams is provided
with bottom trash rack from which water passes through a two-
chamber settling basin into a steel penstock 0.9 m in diameter
and 240 m long and further into the 1.8 m diameter tunnel,
250.5'm long; the latter is connected with the main derivation
at the Chachiani syphon. The design derivation flow is 30cum
per sec.

Karabulakh headwork cousists of spillway dam 33.5 m long,
two-chamber settling basin, flushing sluice and water intake
for 4.3 cu m per sec.; the diversion includes a canal 268 m long
and a free flow tunnel 5,367 m long.

—— e
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The Angara River flowing out of Lake Baikal runs 1 (gh
Middle Siberian plateau and discharges into the Yenisei River.
being one of its largest right tributaries; the length of the river
is 1,850 km, total drop is 380 m. The catchment area of the river
including Lake Baikal is 1,056,000 sq. km. In the Angara valley,
outcrops of trap occur at some places where gorges have steep
sides up to 200 m high, with rapids. The rest of the valley is
wide, with gentle slopes and terraced islands in the main stream.

The Angara is water-abundant from the very source: ils mean
annual flow is 1,920 cu. m per sec. at the source and 4,694 cu m
per sec. at the mouth, The flow increases within the section from
the source to the Padun Canyon due to the inflow of four large
tributaries on the left bank: the Irkout, Kitoi, Belaya and Oka
rivers. The mean annual flow at the Padun Canyon, where the
Bratsk hydroelectric station is being built, equals 2,906 cu .
per sec. Further increase of flow downsiream «f Bratsk in due
to the confluence with relatively small tributaries, rather uni-
formly distributed along the length of the river: the largest of
these tributaries is the in, with a mean annual flow of 135 cu n
per sec. The mean annual flow of the Angara immediately down-
strear. of the mouth of the Ilim, is 3,219 cu m per sec. Sharp
increase of the Angara flow is 70 km upstrean of the mouth, in
the place of confluence with the largest left bank tributary, the
Taseyev River, with a flow of 790 cu m per sec.

One of the most important features of the Angara River is
the uniformity of its flow that may be explained by the tegulat-
ing influence of Lake Baikal which controls more than half of
the Angara River basin—578,000 sq km. 60 per cent of the An-
gara flow at the Padun Canyon and 40 per cent al its mouth con-
sist of the Baikal water. The Baikal takes in more than 300 ri
vers whose runoff is then routed. Due to the regulaling inf uence
of 1 ake Baikal, the .:.axiam flow at the sonres of the Angara
only six unes exceeds the inimum flow. W i claract e
of the yearly distribution oi the flow of the Angara River that
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the mininium flow oceurs, as a rule, in winter. Maximum flow
is unserved within the upsiream strefch between the source and
Bratsk during the summer months and is caused by heavy rains.
Within the downstream stietch between Bratsk and the mouth
the maximum flow is observed in spring; floods are also frequent
in summer but their volume and peak values are much lower
than in spring.

In winter, due to arrival of warm water info the river from
the Baikal, for tens of kilometres from the source there is stretch
of water free of ice. In winter, the edge of the ice cover gra-
dually moved upstream but never reached the sotrce. Anchor ice
is formed within the limits of the non-frozen part of the river
which is carried downstream under the ice cover, thus creating
farmation of large ice jams rising water level at the upstiam

stion. Nearly every vear in spring, at separate parts of the
river, ice jams are formed accompanied by rising of water level
by 8—10 m.

The Angara River may be divided into th: ee specific stretches:
r upstream stretci, from the source to th. moulh of the Oka
River 666 km long, with a total drop of 1415 m, the depth of
the 1. in the upstream stretch is 3 to 5 m and only in a few
point~ it reaches 1.2 to 1.5 m; the middle stretch, with rapids
Iront ... mouth of the Oka River to the mc.th of the Ilim River,
280 km long, with a drop of 98.5 m; and the lower stretch, from
the mouth of the llim River to the mouth of the Angara, 904 km
long, with a drop of 144 m. In the middle and downstreain
stretches the river has numerous rapids.

At present only the upsiream and downstream stretches of
the river are used for 1-avigation, while rapids of the middle
strelch prevent through nevigation on the Angara River.

The natural features of ‘hie \ngara are favourable for walel
power ver pmert. The potenaai water power resourres cxceed
8, 13,000 KW 1y,

Powerful trap intrusions on the way of the river are very

3
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favourable as sites for construction of hyd-
roelectric stations. Such are particularly the
conditions at the sites of the Bratsk, Ust-
llim and Boguchan projects.

Exceptionally favourable possibilities
for hydroelectric development that has the
Angara River are combined with abundant
and various mineral resources in neighbour-
ing districts: there are large resources of
coal, iron ore and different kinds of raw
materials for alumin‘um production, The
Angara district also .as very rich forests.
Because of this, mastering of the power re-
sources of the Angara is inseparably linked
with the rise of new large industrial cent-
res with predominance of enterprises with
high electric power consumption, which is
favoured by availability of great amounts
of cheap power from the Angara power
projects.

The scheme of development of the Anga-
ra River is based on the following:

1. Complete use of the drop of the An-
gara and construction of a continuous cas-
cade of hydroelectric stations for maximum
use of the potential power resources of the
river.

9: Creation of a transit waterway, from
the Baikal along the entire length of the
Angara River to the Yenisei River.

3. Maximum possible concentration of
heads at separate projects to ensure mass
output of power.

The scheme of development of the An-
gara provides for the construction of six

Map of Angara — Yenisei district.

1 —hydroelectric power statlons; 2—coal: 3—brown coal;
4~—1iron ore; &— nephejine; 6—salt; 7-— imestone.
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Longitudinal section of Angara River

bhydroelectric stations with total capacity of about 15,000,000 kW,

at about 70,000,000,000 kWh annually, including three hydroelec-
tric stations with capacity of over 4,000,000 kW each.

The development of the Angara River was started with the
construction of the upstream Irkutsk hydroelectric station with
4 dam raising the average multi-year level of the Baikal by about
1.46 m, thus transforming it into a reservoir with a useful volume

. of 46,000,000,000 cu. m. This volume makes possible multi-year

runoff regulation at the site of the Irkutsk hydroelectric station
and provides for complete levelling of its output. The regulating
operation of the Irkutsk hydroelectric station also significantly
improves the power characteristics and construction conditions
at the sites located downstream from the Angara hydroelectric
station. The installed capacity of the Irkutsk hydroslectric station
is 660,000 kW, and output equals 4,000,000,000 k\V'; annually.
Downstream of the Irkutsk hydroelectric station consiruction
of two low-head hydroelectric stations is possible, natuely Su-
khovsk and Telma hydroelectric stations, of a capacity of
400,000 kW each, with a total output of about 3,509,000,00¢ LWh.

The fourth stage is the Bratsk hydroelectric station, now un-
der construction in Padun canyon, where the width of the river
does not exceed 800 or 900 m. The Bratsk hydroelectric station
is the largest in the Angara cascade. The first units were put
into operation in 1961. The head is over 107 m, capacity equals
4,500,000 KW and annual output 22,600,000,000 kWh. The storage
of the Bratsk station whose useful volume is 50 cu. km is designed
for multi-year regulation of the flow of tributaries down-
stream from Irkutsk to Bratsk hydroelectric station.

The next stage of the Angara cascade is the Ust-1lim hydro-
electric station to be constructed near the mouth of the Ilim Ri-
ver, the right tributary of the Angara River. The Ust-Itim hydro-
electric station will have about 4,500,000 kW capacity, with out-
put of 22,000,000,000 kWh. The useful volume of the storage is
much lower than that of the Bralsk reservoir, as the major
amount of waler flowing to the site will be regulated by the
upper storages, and the Ust-Ilim hydroelectric station will cont-
rol only runoff of side tributaries joiuing the Angara downstream
of the Biaisk hydroelectric station
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tion is used mainly for industries consuming large quantities of
electricity, then for electrification of railroad transport and pub-
s in the Trkutsk- Cheremkhovo district:

The siructures of the Irkutsk hydroelectric station include:
an cartin e of a height up to 44 m and crest jength of 2,5 km;
powerhouse combined with the bottom outlets, 9395 m long;
junction structures; 110 kV left-bank and 220 KV right-bank
switchyards on the tailrace canal 2.2 km long.

The design provides for the poss'\bi\’rty of future construction
of navigation facilities without damage to the operation 0 the
hydroelectric station. They are designed on the left pank and
consist of upstream canal, two-chamber lock and downstream
canal, discharging into the Angara River.

The layout of the scheme was @ result of the necessity to us€
the strata of gravel sandstone as the foundation of the power-
house. Besides, it was found possib\e to concentrate the power-
house and other concrete structures in OnE€ place on the is-
1and. The excavation was begun during the first year of construc-
tion, outside the main river bed, which was favourable from the
constructional point of view.

The earth dam of the Irkutsk hydroelectrilc station consists

Bl st

T

limits of the river bed channel; 4) right-bank section, 742 m
S e long and about 19.0 m high, on the right-bank slope.

The upstream slope varies from 1:125 at top to 1:8 at
the bottormt, with two berms. Along the upstream slope, above the
top berml, lining of reinforced concrete is made with 10 X 10 m

Further, the Boguchany hydroe\ectric station is to pe con- slabs, 0.6 to 0.3 m thick.

; of the mouth of the Mura Two berms are also provided along the downstream slope;
River, with 2 capacity of about 4,000,000 kW and annual output  the slope varies from 1:25 at top up to 1:3 at the bottom.
of 20,000,000,000 KWh. The dam consists of recent alluvium sand-gravel, the imper-

The water level of the part of the Angara River downstream vious section is a clay loam core, with the width at the bottom
of the Boguchany hydroe\ectr‘\c station is raised by the backwa- 130 m. The clay loam core is widened up fo 28.0m for tengthen-
ter from the Yenisei hydme\ectr'\c station located on the Yenisei ing the path of contact filtration along the walls of the power-
River downstream O the mouth of the Angara River. house, and, besides, steel sheet piles are driven into the clay loam

Irkutsk hydroelectric station. Among the hydroe\ectric sta- fora depth of 10 m and fastened in the powerhouse. A transition
tions built in the goviet Union the Irkutsk hydroc\ectric station  zone 100 m thick of same alluvium but with smaller fractions
commiss'\oned in 1956 is the first as to its techmical and econo ie placed hetween the clay loam coré and the downstream zone.
mical ~haracteristics. The power of the Irkutsk hydroelectr'rc sta- For the r'rght-bank dam within the length where the height

I ' : ’ T 3).main section, 492 m long and about 44.0 m high, within the
R JE

Irkutsk dam— general view.
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) General layout of Irkutsk hydroelectric station.
l . 1 —powerhouse; 2—dam; 3—tailrace canal.
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Jrkutsk earth dam--cross scetion
!—sand —gravel: 2—clay loam; 3 —riprap; 4-— reinforced cnncrete s'abs; 5—pipe drain; 6—grout curtaln; 7—grave!; 8—steei sheel pliing; 9—Inclined fralnage.

of the dam is less than 155 m and the head docs not exceed
8,5 m, instead of the clay loam core, a central zone is placed
of ancient alluvium with 12 per cent of clay loam admixture
overlaid on the slopes by side zones of recent alluvium. At this
length the upstream slope is 1:3.5.

- The river bed and island sections of the dam are joined with
the foundation by a cutoff wall of a depth up to 12.0 m made of
two rows of steel sheet piling, with grouting of the alluvium in
the sheet piling space, 5.0 m wide. The sheet piles are driven for
5.0 m into the clay loam core.

That part of the left-bank dam, which is situated on the val-
ley flat, is constructed in one excavation with the powerhouse,
being protected by the same cofferdams. Therefore, it was pos-
sible at this place to lower the clay loam core to the bedrock with
which it adjoins by means of a reinforced concrete cutoff wall.
The bedrock along the cutoff wall is grouted to a depth of 25 m.

The cutoff wall and the core of the dam are cut into the bank
slopzs consisting of ancient alluvium; to prevent side percolation,
bank blanket is provided of clay loam covering the exposures,
of ancient alluvium on the slopes. In the tailrace section these
exposures are protected by bank filters of recent alluvium.

Drainage of -the dam within the limits of the left-bank and

- tight-bank sections is the tubular type, while the island and

main river sections are drained by the inclined filters of gravel
with particles from 5 to 40 mm, with overburden of rock-fill.
As a result of the use of the Baikal for runoff control, flow
unevenness at the site of the Irkutsk hydroelectric station has
become lower as compared with the natural flow values. This
justified economically the use of the combined type of powerhouse

8

with the discharge outlets located between the power units,
above the turbine scroll cases, which made it possible to give
up the spillway dam. The capacity of all 16 water discharge
outlets and the turbines provide discharge into the tailrace sec-
tion of the maximum water flow of 6,000 cu. m per sec. Combi-
nation of the discharge structure and the powerhouse required
considerable protection measures in the tailrace river bed and
additional energy dissipating structures. Stilling basin 90 m long
with splitters at its sill followed by crib apron 50 m long, and
riprap, on a length of 75 m, are provided downstream. Down-
stream, along the entire length of the powerhouse, an annex is
made serving as generator voltage switchhouse, with cable cor-
ridors and oil line galleries. Power transformers are provided
above the water discharge outlets. Structurally, the superstruc-
ture of the powerhouse is of monolithic reinforced concrete. The
powerhouse is divided by contraction joints into four sections,
with two units in each. The water discharge galleries are cur-
vilinear’in plan; their section along the length gradually changes
from 6 X 8 m at the sill to 5.4 X 2.7 m at the unit centre iine
and 1.8 X 8 m at the outlet.

In the machine hall there are eight turbine units of a capacity
of 90 MW each, with Kaplan runners each 7.2 m in diameter
raled al 83.3 r.p.m. The umbrella type gencrator with rotor
11,0 m in diameter and stator whose outer diameler is 15.7 m:
generation voltage 13.8 kW. The units of the Irkutsk hydroelec-
tric station are the automatic {ype. Each two generalors work
in a block with one 210 MVA transformer sel or with one auto-
transformer set of through capacity of 414 MVA. The 220 kV and
HO kV switchyards are connected with the transformers Dy
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overhead transmission lines. On the 110 kV side there is a double ; ' :
bus-bar system with by-bass, and on the 220 kV sudc a rectangu-
lar scheme is agopted. The machine hall in the powerhouse is )
serviced by two 310-ton bridge cranes with additional hooks for ) )
75 and 20 tons. The hydraulic hoists gallery for the draft fuhe. _ , '
gates has a bridge crane of its own, s . e e . }
The gates are operated by two 125-ton gantry cranes, each 4. G B e {13 Y ;" <
havmg a span of 18 m and a height of 26 m, for the water intake R : Sm, -y
and discharge struclure gates, and one 100-1nn gaulry crane wili o )
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Ust-Ilim hydroelectric

1 —non-overflo™ concrete dam; 7. splilway dam;
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4
statlon layout.
3—powerhouse: 4- carfi, dam; 5--switchyard 220 and 500 kV.
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a span of 5.8 m and a height of 10.4 m for the downstreaim spili-
way gates.

Bratsk hydroelectric station, whose first unite were commis-
sioned late in 1961, is described in a sepazste Hoonl o

The Ust-Ilim hydroelectric station is thw ne vt st [T the
Bratsk hydroelectiic station now under con... . o in
stalled capacity of the Ust-1lim hydroelectric station is 4,500,000
kW, mean annual output is 22,000,000,000 k\Wh.

At the site of development the Angara is not wider than
700 or 800 m and is about 2,000 m wide at normal water level.
The site includes Permo-Carbonic deposits represented by
sandstone formations with layers of argillite, aleurolite and coal

intersected by diabase intrusions. Within the site, both slopes |

and the bottom of the vallasy are of diabase; minimum thickness
of diabase in the valley floor near the right bank is 80 m
and at the left bank it reaches 200 m. On the left bank there is
a low saddle composed of sandstone.

Various layout schemes were considered when designing the
hydro project: with concrete dams and with dams of local mate-
rials. Here is described a version with concrete massive buttress
dam. In the river bed at the left bank is the non-overflow concrete
dam 540 m long, with a maximum height of 107 m; and another
non-overflow dam 375 m long is on the right bank. The main-
stream section of the non-overflow dam is joined by spillway
dam, 135 m long, and the intake part of the dam with the
powerhouse, 300 m long.

The main dimensions of all the concrete dam sections, dimen-
sions of the blocks, shape of buttress head, slope and width of
the buttress are designed identical for uniformity of structures,
construction methods and equipment. The width of the dam
blocks is 15 m, which makes half of the width of the powerhouse
block. The buttress is 5 m wide.

Considering stability at a safety factor of 1.3 and taking into
account adhesion at bottom joint, 40 tons per sq. m, the slopes
are 0.33 upstream and 0.52 downstream.

The spillway dam has 8 openings, 85X12 m each. The
spillway capacity is 10,000 cu. m per sec. The openings are
closed by sliding gates operated by 150-ton gantry cranes. The
spillway is of non-vacuum shape with an upward curving of
the spillway end. Railroad and highway bridges are provided
along the crest of the dam.

In the upper parls of the intake dam are penstock inlets
with trash racks and gales whose location has predetermined

12

Ust-llim  hydroelectric
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Ust-Ilim hydroelectric station. Intake dam.
2—groul curtain; 3—steel penstock; 4— protective cover; §—outdoor powerhouse.

I—massive buttress dam;

14

Declassified in Part - Sanitized Copy Approved for Release 2013/11/07 : CIA-RDP80T00246A025800070001-8



-

.” the dir Declassified in Part - Sanitized Copy Approved for Release 2013/11707 : CIA-RDP80T00246A025800070001-8 Ve been

intake sill is 20 m below the normal water level.

The steel penstock has a diameter of 7.5 m and is located
outside the dam profile. Maximum velocity in the penstock, when
the turbine flow reaches 600 cu. m per sec., is 6.8 m per scc.,
and in the rack 0.75 m per sec.

The powerhouse is located at the dam toe, with lowered ma-
chine hall. The powerhouse has ten 460 MW Francis turbines
with 7.5 m runners operating at 93.8 r.p. m. Mounting and
dismantling operations are performed by a 1,000-ton external
crane through the openings closed by sliding covers.

: uic unncusIUS Ul wie suluil case auu waft tube.
The diffusor part of the tube extends outside the massive part
of the powerhouse. Downstream, in the substructure of the blocks
are the premises for the drainage pumps and service water sup-
ply punips. The stoplogs closing the draft tubes are hoisted in
position by the outdoor service crane having a special hook.

. Thg ‘main design of electrical connections provides for opera-
ton of the swulion according to the unit transformer scheme
(single-phase transformers). Power output is supplied into the
Irkutsk power systern via 500 and 220 kV switchyards.

[T IR V2 FYS AV T
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UbSK, M1nlsTry or rower station Construction, Yenisel, €ascade, Moscow 1962

The Yenisei is the largest river in the Soviet Union being
formed by the confluence of two large rivers: the Biy-Ham (Big
Yenisei) and Kaa-Ham (Small Yenisei).

The length of the river from the source of the Biy-Ham to
the mouth in the Yenisei Bay of the Kara Sea is over 4,100 km.
The total drop of the river reaches 1,600 m. The catchment basin
of the Yenisei River is 2,700,000 sq. km. The mean annual flow
of the Yenisei at the mouth of the river is 17,000 cu m per sec,
this being twice as large as the flow. of the Volga. The upper
580 km part of the river between the towns of Kizil and Minusinsk
with a total drop of 378 m is called Verkhnii Yenisei (the Upper
Yenisei).

The catchment basin of the Yenisei River is in the limits of
the Central Asia-Siberian plateau and the Altai-Sayan Mountains.
Only a small part is located in the Western Siberia lowlands,
and the northern most part—in the limits of the Northern Siberia
lowlands. The main tributaries of the Yenisei are on the right
bank. The largest tributaries are the Kan, Angara, Podkamennaya
Tunguska and Lower Tunguska rivers. The catchment basin of
the Angara River and Baikal Lake includes 39% of the total
catchment area.

The valley of the Upper Yenisei and the tributaries of this
river are in the central part of the Allai-Sayan folded region.
In this region the rivers cut through the hills of the Eastern Tu-
va Mountain Land and the Western Sayan Range. The river
flows through the intermontane Tuva and Minusinsk valleys. The
fields of mountain upheaval are characterized by wide develop-
ment of ancient metamorphic and dislocated strata, sedimentary
and volcanic rocks of the Proterozoic and Lower Paleczoic Eras
with many intrusions of different age. The Quarternary deposits
are insignificantly developed and consist mainly of river gravel,
as well as sand and sand loam. The basins are tectonic de-
pressions betwecn the hills in the form of Paloo, i .ind AMeso-
zoic sedimentary rock covered with Quarternaiy deposils.

In the middle part of the river, between the city of Krasno-
yarsk up to the Podkamennaya Tunguska River, the Yenisei River
flows in a valley at the border of the Yenisei Mountain Range
and the Western Siberia lowlands. The right bank of the river
for almost the entire length is steep and consists of ancient Pre-
Cambrian metamorphic highly dislocated rocks. The left bank is
mainly of gentle sloping and consists of Jurassic, Cretaceous,
Tertiary and Quarternary deposits. At relatively scarce reaches

the river intersects hills of the Yenisei Mountain Range
where river flows in narrow stretches with steep and high
hanks.

Below the junction of the Podkamennaya Tunguska. the Yeni-
sei River departs from the Yenisei Mountain Range and iows
through loose Mesozoic, Tertiary and Quarternary rocks. The ri-
ver valley becomes wider with gentle sloping banks.

According to water regime the Yenisei River is of the gronp
of rivers with spring floods. The hydrological regime is charac-
terized by sharply expressed spring floods, relativelv small sum-
mer-autumn floods and small winter runoff. Maximum annual
elevation at the city of Yeniseisk is observed mainly in May
and very seldom in June. The lowest elevations are usually ob-
served during the autumn ice driit before the water surface
freezing. - )

The character of increase of runoff may be briefly illustrated
by the following data. The mean annual flow at the souice of
the Upper Yenisei equals 1,010 cu m per sec., of which the Big
and Small Yenisei Rivers include correspondingly 60% and 40%.
When passing from the Sayan corridor, the ilow increasc. up to
1,460 cu m per sec., al the city of Krasnoyarsk recaches
2900 cu m per sec., at the city of Yeriseisk 7,980 cu m per
sec., al the Osinov Rapids 8,60U cu 1 pei st and at the mouth
equals 17,000 cu m per sec. The distribution of runoff during
the year varies greatly. During the two moaths of the spring
flood, aboni 40% of the annual ,unoff passes, and during the

3
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six winter months from December to April inclusive, only fr

om

Because of this the best way of full-value utilization of power
of the Yenisei River is the creation of large  reservoirs
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with capacity sufficienl for scasonal regulation of runoff,
At the intersection of the Yenisei River with mountains and rang-
es it will be possible to build very cheap high dams of relative-
ly smal' length on sound rock Toundations. Separale narrow
stietches, up (o 600—1,000 m wide, are conveniently followed by
upstream valley widenings allowing to create reservoirs of
necessary capacity.

The utilization of water power of the Yenisei River should
be accompanied by improvemeit and development of navigalion
facilities, increasing of the guaranteed depth, as well as the uti-
lization of the rich forests in the river basin, the use of deposits
of iron, aluminium ores, polymetallic and other mineral resources
which favours creating new industrial complexes.

A series of hydroelectric stations may be construcied on the
Yenisei River of a capacity of about 30,000,000 kW and an out-
put of over 160,000,000,000 kWh of electric power annually.

Of the components of the Yenisei River and its tributaries
of great interest in relation to power is the Big Yenisei River.
The scheme for development of this river for a stretch of 250 km
from the mouth includes five hydroeiectric stations of a total
capacity of 2,400.000 kW and average annual output of about
10,400,000,000 kWh.

Among them, the retaining works of the Seibin hydroelectric
station create a reservoir of significant volume which may
ensure compensated regulation not only of the Big Yenisei River,
but also partially of the Upper and Small Yenisei rivers.

The scheme of development of the Upper Yenisei River
-, between the cities of Kizil and Minusinsk of a lenoth of 580 km
Makuckas X s ad )
Ouypckas TC and a total drop of 378 m includes seven stations. The iotal
MHHYCHHCKA 8 capacity of all stations is 7,400,000 kW with an average annual
KpacHOsPCKAS TC output of about 34,000,000,000 kWh.
, —
q’@
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N CHHOBCKAS T3 e
5 - x O ~ e et AT, _ﬂ"p(__'_“ Scheme of cascade of
H 83% E g_w, =i g o 2 iz—\';‘g - hydroelectric stations of
33 3Eis YaEei: HIE I H E Yenisel River
2l S 5538 & xdEss 38 FyEEH 3 F =
29 =58 g;‘ihi E 339 ‘ 3 ‘
4000 3500 3000 2500 2000 1500 500
PAacCCiosanme 01 ycrea & KN

Declassified in Part - Sanitized Copy Approved for Release 2013/11/07 : CIA-RDP80T00246A025800070001-8




(¢

%

-

Declassified in Part - Sanitized Copy Approved for Relealéé é013/1 1/07 : CIA-RDP80T00246A025800070001-8

The Sayan hydroelectric station is the firsl in ihis cas-
cade and has a capacily of 5,000,000 kW, annual output
of 22,100,000,000 kWh and a reservoir of immense volume, signi-
ficantly influencing the efliciency of the developr i »f the down-
stream stretch in the Minusinsk lowlands, when
can be constructed. _

The large next hydroelectric station on the Yenisel River is
the Krasnoyarsk one, now under construction.

The installed capacity of the Krasnoyarsk hydrocleciric sta-
tion is 5,000,000 kW with an annual oulput of electric power
of about 20,000,000,000 kWh. The first units of the Krasnoyarsk
hydroelectric station are to be put into operation in 1965.

The development downstream of the Krasnoyarsk hydroelec-
tric station provides 3 immense hydroelectric stations: Yenisei
station near the mouth of the Angara, Osinov station upstream
of the mouth of the Podkamennaya Tunguska River and Igarka
station.

One of the possible sites of the Yenisei hydroelectric station
is located downstream of the mouth of the Angara River where

. K

cree slages

BER o0 S AN

the river valley is nairewing to 1,200 m with steep hanks
oi a height of 30-—40 m. T runoff of the Yenisei River at the site
ic 249 cu k. The river bed and banks consist of gneiss and
oneisose  granite. Favourable topugraphy and geological
cotciuons allow to build the Yenisci hydroelectric station with
a capacity of 6,000,000 kW and an average annual output
of 35,000,000,000 kWh at a head of 60 m.

The downstream Osinov hydroelectric station may have
an installed capacity of 5,000,000 kW and output over
30,000,000,000 kWh. The head of the Osinov hydroelectric sta-
tion is determined according to the conditions of the adjoining
upstream Yenisei station. Runoff at the site of the hydroelectric
station reaches 276 cu km. The useful volume of the storage
of the Osinov hydroelectric station is insignificant, this being
compensated by the useful volume of the storages being created
upstream.

The lowest downstream stage is the Igarka low-head hydro-
electric station. The dam head is predetermined by the Osinov
hydroelectric station tailwater level.

Krasnoyarsk hydroelectric station.
f.-switehyayd w20 and 507 V; 5--ship-iii

1 —powerhouse; 7~ spitiway dam, o--1 7

noeverf o

duss
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The largest hydroelectric station in the USSR—the Krasno-
varsk hydroelectric station is being coustracici on the Yenisci
The staton iz located upstream of the cily of Krasno-
yarsk Lo the river [lows through a comparatively narrow val-
ley with steep and high banks consisting of granite. The width of
the river ul water level equals 730 ni; the mean annual flow of
the river equals 2,800 cu m per ses The hydroproject creates
a head of 100 m and a storage will be formed of a length of
380 km and an arca of about 2,000 sq. km.

The total volune of the reservoir equals 73 cu km, this being
equal to almost 90% of the mean annual river runoff. A very fa-
vourable feature of the Krasnoyarsk hydroelectric station is the
possibility of rapid (during 2 years) filling of the reservoir. The
structures of the hydroproject include the following: dam of a
height of 120 m and powerhouse downsiream of dam; switchyards
for 220 and 500 kV, and navigation facilities.

Dam. The dam consists of intake section 360 in long; spillway
dam 255 m long, and non-overflow dams connecting them with
the banks.

The dam has triangular section with vertical upstream face
and downstream face with slope of 1: 0.8. The deformation joints
are spaced every 15 m. In the dam foundation along the centre
lines of the deformation joints are relief hellows, 4~-6 m wide,
allowing {o iower the uplift in the foundation and aiding seepage
water downstream. The dam has a grout curtain of a depth up
351 to 60 m. Drain holes to a depth of 30—40 m
and drainage hollow, 20 m wide along the
B B whole length of the dans are located hehind
22,0 the curtain. The safety factor of the dam
= T ;5  against sliding equals 1 ¢ taking into acco-
===r=at==—- unt the adhesion at contact (concrete—
J rock), 30 tons per sq. m. The stresses in
ey 62 the dam foundation al ihe upstream face
RNINE) o are 1—2 kg per »y. cmn, while the main
stresses in the dais body near the down-
stream face rea.!. 18 kg per sq. cm.

i B The spillwa: . is located on the leoft
ST A, 48,3 — ot 8O bank of the ris ~ I hax 7 openings
VAR with clear spans ~f 25 m and crest hiead of

19 m. These ope-ings are closer sliding
Spillway dam. gates, and 8 ou'  spert s are closed by
{—emergency gateslot; 2-—service gafe: 3- -inspection galicries; 1. poitom <uices; S—gi it gat ey . radial gates

7
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Sayan hydroelectric station. Plan.

temparary spiilway; J-—permanent

-powerhouse; §—switchyard 500 kV.

2
spillway; 4=

—-rockiill dam;

7
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Rock(ill dam.

{—cofferdam; 2 —rockfill; 3. -clay loam facing; 4 —inverted filter; 5—grout curtain.

The water flowing over the dam is thrown downstream by a
high flip bucket for a distance over 100 m, thus achieving pre-
vention of undermining of the structures. On the dam crest are
bridges for gantry cranes servicing the water intake and spillway
gates, and also for service roads.

The discharge capacity of openings at normal water eleva-
tion equals 12,000 cu m per sec, that ensures running of flood
flow with 0.1% frequency taking into account flood routing of
the reservoir and operation of the hydroelectric station. At forced
level the spillway openings have a capacity of 14.570 cu m
per sec.

The water intake openings for 10 units of the first stage and
two units of the second stage are arranged at the upper part of
the intake dam 360 m long, located on the right bank part of
th river bed. Each water intake opening is located in the limits
of a dam section of 15 m long. The openings are equipped with
sliding gates of clear dimensions of 8 X 12 m with hydraulic
hoists. In front of main gates, grooves are provided for instal-
lation of repair gates. Trash racks are located in front of the open-
ings along the entire structure.

The penstocks of a diameter of 7.5 m are located in the dam
body at the downstream face. Eacli two penstocks by means of
a forked tube are united in front of the powerhouse for connec-
tior with the turbine scroll case.

The powerhouse with low machine room is localed directly
downstream of the dam. The powerhouse contains 10 units of a

Declassified in Part - Sanitiz
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capacily of 500,000 kW each at design head of 95 m. The maxi-
mum head at the hydroelectric station equals 101 m, minimum—
76 m. The Francis turbines have runners of 7.5 m in diameter,
93.8 r.p.m. The hydrogenerators are of the umbrella type and
have a capacity of 590,000 kVA each.

The 220 and 500 kv step-up transformers are located between
the dam and powerhouse. The 500 kV transformers with capa-
city of 200,000 kVA are single-phase. The switchyards are on
both banks and are connected with the transformers by over-head
lines. Operations on assembling and dismantling of units are
performed by the 1,000-ton gantry crane placed outside of the
generator room.

The Krasnoyarsk hydroelectric station is connected with the
power systemn at voltages of 220 and 500 kV. Four units work in
the 220 kV transmission line and the other six (in the future—
eight) in the 500 kV line.

Ship-Lift. The principal feature of design of the inclined
ship-lift includes a turning device al the joiut of the upstream
and downstreain ship tracks. The ship. are lifted and lowered in
a special chamber located o a skewed self-propelled truck. The
truck and chamber are lowered into the water down to the posi-
tion at which the water deplli allows the ship to move into the
chamber throngh the open gates al the face. Atter the gates are
closed and the ship is imoored {he tiuck begine to be lifted along
the inclined tracks. At the same time the water is drained from the
chamber until the ship rests or the hottom. Afley having reached

9
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Powerhouse,
1 —intake; 2— penstocks: 3-powerhouse; 4- {ailzace funnels; 5--iranspor. tsnuel; 6~ cable tunnel; 7—switchyard 509 kV.

10
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Longitudinal section of hydiocleciric station.
/- intake; 2-— penstocks; 3-~underground machine room; 4-—
iransformers chamber; §—-vent shafl; 6--failrace lunnel;

7 -—failrace cana',

top position the truck rolls onto the turning device which when
turning sets it in the direction of the inclined downstream tracks.
Lowering is finished when the truck reaches water, by equalizing
water levels and opening the chamber gates.

The slope of the upstream and downstream {racks equals
1:10; the length of the upstream track is 440 m, downstream
1,170 m; length of turning bridge 86 m; it comprises a truss
with horizontal lower chord and inclined upper chord (I : 10)
rotating on rollers.

No hydioelectric station in the world has such capacity and
output as the largest power project for the Seven-Year Plan—the
Krasnoyarsk hydroelectric station being constructed al presert
with an installed capacity of 5,000,000 kW and guaranteed capa-
city of 1,800,000 kW and average annual output of clectric power
cf  20,000,000,000 kWh. The favourable topographical and
geological conditions, comparatively small volume of concrete
work—about 0.8 cu m per kW of installed capacity, predeter-
mined the high economical power efficiency of the hydroelectric
station, characterized by specific investments of about 0.02 rub.
per kWh and 80 rub. per kW, as well as by absolule repaying in
comparison with replacing steam power stations.

After the Krasnoyarsk hydroelectric station il is intended to
build the Sayan hydroelectric station with a head of 188 1w, capa-
city of 5,000,000 kW, at an annual power output of 22,000,000,000
kWh. :

The valley of the Yenisei River near the Sayan hvdroelectrie
station is characterized by a narrow and deep dowiculling in
rock strata of the steep valley banks. The width of tne valiey at
the bottom changes from 200 to 350 m and is equal io 1,006 w1 at
niorinal water elevation.

Inrelation to geology the foundation consists mainly of granite
and to a lesser exlent of metamorphic schist. Al the site the mean
annual flow of the Yenisei equals 1,450 cu m per sec. The total
volume of the reservoir equals 22 cu kn.

As the main version for the Sayan hydroelectric station, it.

is advisable to usc a rockfill dam, 225 m in height, and unde:-
ground powerhouse located in right-bank rock massive. The rock-
fill dam with clay loam membrane is curved in plan to pre-
vent the forniation of [issures in membrane in the time of dam
deformaltion. For ensuring technical and econoniical advantages,
it is planned to place rock material of various size cotaining up
to 15% of fines, thus using the whole of inaterial from the
quarry and assuring the lowest possible settlement of the struc
ture, The volume of required rock in the dam recaches almost
40,000,000 cu m. The membrane adjoins the foundation by a
cut-off wall. The cut-off wall foundation consists of a tamped layer
of clay loam through which surface grouting of the foundation
is performed to a depth of 6 m. The design provides for a {wo-
row grout curtain within the limits of the river hed to a depth of
G0 m wil two metres spacing.

Six-span spillway is envisaged on the bank for floods of fre-
quency of 0.1 per cent, 4,450 cu m per sec.; the water is diverted
by means of inclined tunnels 153X 18 m. which are connected with
the diversion tunnels. Besides, twe intermediale funnel out-
lets are provided. The flood with frequency of (.01 passes simul-
tancously through the side-chanuel spillway aud the tunnel out-
lets.

Water diversion during the construction is by two practically
hotizontal tunnels. At the beginning the tunnels have a boltom
width of 18 1 cud & height of 21 m. The Lurwds are designed

11
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Underground machine room (sectior .

1 —penstock (8.5 m dizeter, 120 mm steel Mning, 0.73 m concrete ning); 2-~640 Mt unit; 3—siep-up transiormers; 4. -vent shaft.
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48,0

Underground machine room (plan)
1—penstock; 2—840 MW unit; 3—step-up transformers.

for diversion of 1,500 cu m per sec. at a frequency of 5%. The
entrance portals of each tunnel are widened and divided by a
pier into two 10-m spans with stoplogs operated by 120-ton
gantry cranes.

The ‘powerhouse structures include the water intake deli-
vering water to the turbines of the underground power plant
‘through the shaft penstocks, 8.5 m in diameter, with steel lining.
Transformers are also placed underground.

The water intake is 210 m long, and 71 m high, and consists
of six concrete sections provided with operating and repair
gates. The installation of six Francis turbines 850 MW is envisa-
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ged in the machine hall; genciators are the umbrella type 840 MW
capacity at 111 r.p.m. The tailrace is a free-flow tunnel 16X 16 m
and 486 m long, with concrete lining. ’
. By its power and economical features the Sayan hydroelec-
tric station is of very high efficiency and is characterized by spe-
cific investments of 0.03 rubles per kWh and 73 rub'es per kW.
Constructon methods at the Sayan hydroelectric station in
connectlion with complex topography are confronted with many
difficulties. There are only very small ar:as near the site large
enough for the concrete plant and part of the subsidiary enter-
prises. The other construction plants are to be located 30 km
downstream.
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= -The undegrgre p house of a size of 15 ¢ 128 m dnd 2.
= height of 47 .m.’i§ Tocated?in tough massive limestone. The ma-
_ chine hall wili have six Units with axial turbines to.be ‘insialle
éonoa verltical 1y +a total capacity of 1,400,006 kW. Tn the .
design of ¢ fe powerhouse the prefabricated cylin-
drical . foun rators are provided consisting of hol-
’ on the turbine stators allowing to cut
) \ the:turbine spherical valve and the longi:
tudinal centre line of tlie-powerhouse by 1 m. -
Downstream emergency gates are provided "in the-form of
disk gates located in the powerhouse. The bridge crane has two-
hooks of equal lifting ‘capacity. 2 X 250 tons, which makes it pos-
sible to cut the height of the machine hall by 3 m and shorten the
crane span by 1.5 m. All the floors, crane runway girders and
wall-slabs. are designed of prefabricated and partially pre-
“stressed reinforced concrete members. ’ ke oo
© Extensive use of pre-cast reinforced concrete in the. under-
ground powerhouse allows simultaneous mounting’and- construc-
_fion operations and will cut the “overall construction time by
6 months. - R LT
The underground powerhouse is approached from above.by
one transport and two bus-bar shafts . each 100 m deep,.*from.
downstream by the tailrace collector, and from upsirzam by the.
penstock manifold. = oy B S e e
The main approaches in the construction time to the undar-
ground powerhouse are the’ shafts driven simultaneously. The
transport shaft into tHe underground. powerhouse is. us r
rock: removal in buckets when driving the upper pioneer heading-
and vault space and for delivery of concrete. T B

a3 an

The tailrace tunnel 2.4 km long passes. through tough’ and B
stable limestone, except for two sections of a total length of about ;
180 m, where tunnel driving in clay sandstone and disintegrated )
limestone will be somewhat difficuit. Cross-section of the tunmel -
is 152 sq. m, with concrete lining of the “bottom and gunited
vault: Reinforced concréte lining is provided in the weak sections. -
Downstream from .the turinei is the tailrace. canal passing first
in the Eris-Tskali River and then as a parallel canal.. .. .
~ An earth dam on the Eris-Tskali River creates a compensa-

_ Sl ; U tion reservoir of 128,000,000 cu m capacity routing storm -[loods
eadwork structures of Inguri ydroelectric statio . of the Eris-Tskali River, thus lowering the required capacity of

X dam cen c—\;ﬁéxi'vnu}n section of dﬁﬁ: l—arch‘dam:u‘ "he downstream canal. . - ‘: ) .. ‘ . Rk
irean cofferdam. 5—downstr ferdani; The drop station No 1 with two 100 MW units with Kaplan "

i of groui curiain, turbines is located at the dam. The drop stationn No 2 with'two

long ‘dam centre’ line;’
3—diversion tunnel; 4--u
main spijlway for-1,500 ¢ m per sec.; '7

oo -8—outlet for )0 cu, m per sec.

rdani;

~~outline of grout curtain,
. o o . . L
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guri hydroelectric station. .
longitudinal section; b— plan:
pressure. tunnel, -d = 9.5, my
surge “shaft ‘with stand pipe,
&= 18 m; 3—power chamber; . 4—
gpper chamber; 5—beginning of
risition-. part; "6—disk gates
amber; -7 —approach heading:
i two-lirie* penstock; 9-—under-
round powerhouse; 10— transport
-ghaft, 75 m.deep. d =63 m; /1I— . *
Bus-bar. shaft 100 m deep, d=6.3 m;- "™
witchyard. 18— surface build- -
oard); . }4—tailrace

nels of the hydroeléctric station, ensu ing “higher labour efficien-
y. Rock excavation is provided by the burn-hole method using
“eonicrets fis- taken” from gravel deposits’in the ammonite; ventilation in the  tunnels, combines -exhaustion of
nd partly by crushing limestone from tunnel ciled air-and delivery of frésh air. [ 7.« 0 7ot et
- : > . Sy AR TR The-headrace turmnel is driven. for. full :face” from six holes -
erete is: placed in the ‘dam.body by four parallel” 25-ton”” (maximum face lerigth being 2,960 m) “by .the mining" method -
ays: Capacity of the.concrete plant is equal to. 240 cu'm  “using travelling falsework for drilling the face with™advanced
ggregate will be transported to the- concrete. plant by . lower  bench. Drilling ‘operations and removal of rock are per-
'lirie ‘Topeway - 4.8 km long " with; an- annual output . of - formed ‘successively. Anchor -timbering is provided. Travelling
B : ; . teel forms are used for tunnel walls and vault concrete lining*
e S arailel with'driving the face for 200250 m. - :
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an River is a iri

" {iake.Sévan and the Razdan River flowing out of this lake “The Razd ver ] iver;.ithig oo
_-are inthe Caucasus, in the Armenian SSR. ‘i i o146 km long and has a drop of 1,096 m. At.the source, the flow """
© “Lake Sevan, before - being used for-power purposes, had a . was 2--3 cu. m per sec.; the largest tributary (the Marmarik " :
“surface ~ area. of -1,416 sq km, with a volume of. water ol  River) flows into the Razdan River 28 km downstream. from "
585 ¢u km. st b I s . “the souirce; downstream ‘from this tributary the mean ‘anniual -
.. . The catchment ‘area of Laké Sevan equals 4,891 sq km; the = flow reaches 10.1 cu .m per sec. At the mouth; the mean annual.
" laKe receives most.of the water from 28 rivers and.many small. flow increases to 17.9 cu m' per sec.- At present, due to lowering:
. streams; as well -as from precipitation on the ‘lake surface.- The - ol the water levél of ‘Lake Sevan, the mean annual flow at'the’
_average annual flow’ into the lake equals 1,322,000,000 cu .~ mouth has decreased down lo 13.8.Cli. m-per sec.. |~ i -
“# “The ‘suirface Tunoff .from ‘the lake :in. its. natural -conditions .::. . The basin of the Razdan River.is in the central;pa
was through ‘the Razdan River, the only river flowing out of the ~southern “slopes-ol. the Armenian Range. Thé northern “part. 6f"
{ake, and was equal to 50,000,000 cu m, the underground runoff - - the basin ‘is-a mountairous country with mountains. up to
" from the lake was 60,000,000 cu m. Of the total volume of wa:  3,000—3,500 miy. . e T T N :
‘ter .getting into -the lake” (surface ‘runoff, ‘precipitation) 92% es- The middle patt of the basin includes. mount
- ¢aped by.evaporation ; - height on a volcanic® plateau, with numerous.
e ~The lower cotirse -of the Razdan' Riveris-w
~ the Ararat depressior oyl :
: In the Razdan_ -Valley there are develo
" yolcanic Tertiary 4nd Quarternary tocks mainly:

ite-basalt. .~ "

u
1

ains .of medium
extinet- volcanoes.

' Scheme, of cascade of hydroelectric stations. T
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. Angaro-YemigeiskyiK
. Moscow: 1962

-~ B. Boctounoii- Cubnpn, “nomumo’; 3aBepuienun. Bpatckoii “ w Kpacwosp- . -
¢xoii- T3C, na Awrape n Euncee x-1980 r. HAMEYaeTCA MOCTPOMTH'eile Hes
‘(KOJBKO TAKWX ' MOULHBIX .THAPOIIEKTPOCTAHUMA, KakK Casuckas, Yers-Haum-
“txan, Borywanckas, Ewuceiickas,” OCHHOBCKas, a° TaKXe ‘Huwne-TyHrycckas.

“Pexa ‘Anrapa

. - Pexa Aurapa BuiTckaer M3 o3. Badikan u enanaer B Ennceit 8 2000
01 -€ro ycTbs, Hawina pekn -— canie 17800 ks ofuiee -nagenne 378 m. Tlo-
TeHUMabHbIE ~ JHEpPFETHUECKHe  PecypChl ‘Aurappt * ouenusarporcs B 85—
90 MaApA. KBT-4 B FOL ' S S o
 Gaaronaps peryamnpymouiemy saunnuio 03, bBaiikan  Awrapa oTauuaércs
HCKAIOUHTEALHO PABHOMEPHBIM PEX:HMOM CTOKA KAk ‘B TeueHue road, Taxk W aa .-
" muorogerHuii nepuon. Kpone T0T0, BEChbMA.-GaArOnpUATHLIM- A IHEPFETHYE-
.. CKOTO CTPOMTENLCTBA. ABIACTCH TAKME H CTPOCHHE JORHHbLI PEKM. Iupuna ce .
He3HaYATeaAbHA, W BCAEACTBHE CAAGOH 3aCeJeHHOCTH M OCBOEHHOCTH PUHONE .
| ylWep6w - OF 3ATONNEHHR CDABHUTEILHO HeBeAHKH. o ‘
) Cxemoii Kackaga NPeiyCMAaTPHBAETCH. CTPOMTENLCTBO HA Aurape " westh
'T3C (puc. 1) cymmapHoil MOILHOCTHIO 'OKOJO, 15 Man. KBT W ¢ BLIPAGOTKOW
npumepHo 70 NMJAPA. KBT 4 3JEKTPOIHEPTHH B TOL. Momumo NonyueHns anex-’
TPOSHEPTHH, CXEMOW PEWAIOTCA 3aJAYH BOAHOr0 TPAHCNOPTA. e e
.- 'Ilepsan ctyneHs Aurapckoro -Kackana — Hpkyrckas “T3C— BcTynnaa )
B crpoit ‘B konue "1956 r. Taornmok Hpxyrckon F3C ‘cosnaercs Hanop ;.
‘5 30,5 M. lMoneansit o6bem BoproxpaHnamuia 46 mapm. M3 4TG no3gosuser -
' OCYeCTBAATL MHOTONETHEE DEryanpOBAKHMe CTOKA ‘Anrapsl. RSN
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