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INFORMATION ON UoSR HVDROELELWPI” OWFR STATIONS

Z—Following 15 the translation of a series of
unsigned brochures on USSR electric power stations

- and on the All-Union Institute for Planning Hy-

. droelectric Stations, published by the Ministry.
of Construction of Electric Power Stations.
‘USSR Moscow, 1959.7

- The Institute for Planning Hydro~
~electric Stations

Cn 1 Janvary 1959 the total power of Soviet hy-
droelectric stations equaled approximately 11 million
kilowatts. In 1958, Soviet hydroelectric stations pro-
duced approximately 46.5 billion kilowatt hours. During
the seven year period 1959-1965 more than 10 million
kilowatts are to be put into operation.

During the previous seven years, 1952-1958, 7 4
million kilowatts were produced in the Soviet Union.

The All-Union Institute for Planning Hydroelectric
Stations (GIDEP), which was orsanized in 1932, occupies
a significant position in the realization of these gi-

gantic undertakings.
' . The work performed by the Institute 1is extremely
varied. The Institute formulates plans for the develop-
ment of power systems; projects general plans for the use
of water resources and. complex use of water flows; de-
“velops plans and working drawings for hydroelectric sta-
tlions and hydroelectric units of great importance to
the national economy; develops substations and lines for
the transmission of electric power; conducts research;
carries out technical supervision; studies, analyzes, -
and evaluates domestic and foreign experimentation in
the field; fulfills normative, methodological and ex-
perimental work; publishes results of work.,

The Institute also conducts construction and re-
palr in the field of automation and telemechanization "
in the hydroelectric stations and power systems.
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In the course of preliminary planning, the Insti-
tute encompassed the major waterways of the USSR with
working hypotheses and schemes: Volga, Dnepr, Oka, Kama,
Onega, Svir, Neva, Neman, Western Dvina, Irtysh, Ob,
Yenisey, Anzara, Syr-Darya, Terek, Rioni, Inugri, Kura,
etc., Furthermore, the Institute develoned water-nower
plans which determined the routes of complex utllization
of water resources of the various regions: the Central
European area of the USSR, ‘the Urals, Siberia, Central
Asia, the North Caucasus, Transcaucasus, and others.

Several of the total figures illustrate the scope
of the Institute's work: on the rivers of the USSR there .
have been recorded 1,870 hydroelectric stations with a )
total power of over 125 million kilowatts, with an aver-
age yearly production of more than 650 billion kilowatt
hours; technical economic reports and plans for the use
of 95 million kilowatts by 1,600 GES (gidroelektrostant-
slya ~- hydroelectric station) have been worked out;
proposals have been made for 275 more effective GES with
a total power of about 30 million kilowatts.,

‘The Institute has also invested in the restora-
tion of the 11 hydroelectric stations destroyed during -
the world war, .Restoration work began shortly after
the liberation of the respectlve regicns,’and was:carried
on accordihg to the Institute's plans. " In restorins
the DNEPROGES imeni Lenin (Dneprogidroelektrostantsiya --
Dnepr Hydroelectric Station) an increase in power of
16% was achieved in the same clearance- qauges of the GES
hydroaggregates and building. .

A large amount of planning and research work was-
conducted by the Institute for the post war bullding of
hydroelectric stations. In the last three years alone
plans were formulated for 34 GES with a total power of 10.2 °
million kilowatts. Hydroelectrlc statlions with total power
of more than ten million kilowatts, including the largest
in the world, the Bratsk and Krasnoyarsk GES, as well as
the Bukhtarminsk, Kaunassk, Kremenchugsk, and others,
are now belng constructed withe the working drawings‘
of the Institute,

" The Plyavin'sk, Cheboksarsk Chirkey, Ingursk,
Namakhvansk Tatevsk, Charvaksk, Shul binsk, Sayansk,
Ust'Ilimsk, Zeysk, and other 1arge GES are in the plan-
ning stage. Planning and research has begun on the use:
of power from tldes a2long the northerﬂ seacoast of the
European section orf the Ussr,

-In its work the Institute has worked out and x
initiated many new decisilons in planning and constructlon..




An example of this is the use of combined types
of equipment in particular, and the distribution of -
drainage openings in GES buildings., This made it pos-
sible to shorten the length of the concrete spiliway dam
" at the Novogibirsk, Kakhovsk Duoossarsk, and several
other GES, and made the elimination of 'a spillway dam
possible at the Irkutsk GES. At the Kamsk and then at
the Kayrak-Kumsk, Iriklinsk, and Pavlovsk GES the hydro-
aggregates were placed in the body of the spillway dam.
This made 1t —unnecessary to construct a special build-
ing for the hydroelectric station,

At the Kamsk GES the original construction of a
multichamber two-way slulce with chamber wglls made of
metal grooves, recoll gates, and electric 1ocomotive
traction was realized.

. Many hydroelectric stations were planned and built
under difficult geological conditions, such as, for example,
the Kakhovsk, Gor'kovsk, and other hydroelectric stations
built on SOft ground. It was originally decided to bulld
the Kamsk GES on a layer of soluble gypsum, Hydroelec-
tric stations have been constructed 1n areas of porous or
crumbling rock formations, (Shaorsk and Tkibul'sk GES
in the Georglan SSR, the Kakhovsk GES in the Ukrainian
SSR, ‘the Pavlovsk GES in the Urals). The possibility
of using a new kind of cement partition has been de-
monstrated (at the Mingechaurskaya, Gyumushskaya and
other GES).

~ - The Institute for Planning Hydroelectric Stations
conducts its research with the cooperation of other re-
lated secientific research institutes as well as in 1ts
own laboratories.

The basic aim of the Institute's envlneering tech-
nical activity for the immediate future is the lowerihg
of cost, the acceleration of power lead in, and 1mprove-
ment in the construction of hydroelectric stations,

Mcst important for attalining these goals 1s ma=-
ximum application in hydrotéchnical installations of
composite reinforced concrete and concrete elements, of
thin walled reinforced concrete pre-tested constructions,
and the use of arched dams,

' A characteristic of hydroelectric station con-
struction in the USSR is its complexity. :

These construction projects, as a rule, are not
concerned solely with solving power problems, but with
solving problems of ifrigation water transport, floods,
ete., as well, For example, alJ the hydroelectric sta-
tions in Central Asia besides producing electric power




provide for the irrigation of hundreds of thousands of
hectares of arid and desert land. After the completion

of the cascades on the Volga and Lower Dnepr these rivers
have become deep transport routes, Along with this, great
possibilities .arise for carrying out major irrigation
projects 1n the needy regions of the Volga and. southern
Ukraine.-

- Research work is conducted by complex expeditions
comnosed of hundreds of groups and detachments of the
Institute., Yearly, tens of thousands of linear meters of -
boreholes are covered, more ‘than 1,000 hydrometic sta-
tiong which measure the level of water and the amount .
used are . in operation. :

The Institute's researchers develop methods for
varied studies of natural conditions, which make 1t

"possible to slove the most complex technical problems.

New types of research equipment are developed and put

to use on geoloaical and hydroqeological projects as

well as. in the laboratory. :
. The Institute also conducts planning and research

for foreign governments.

In the KNR (Chinese PeOple 8- Republic) a. hydro-
electric station project has been undertaken at San-men-
hsia, and a scheme has been worked out for the complex
use of the Yellow River,

Specialists of the Institute are participatina
in the formulation of a plan for the complex use of one
of the largest rivers in the world, the Yang-tse., These
specialists are also participating in the planning of
the Sen-hsia GES (more than 20 million kilowatts power),

- and several other hydroelectric stations. 1In coopera-

tion with specialists of KNR plans are belng formulated
for the use of border Hreas of the Amur and Argun' rivers.

The Institute is carrying on hydroelectric statlion
planning projects for other sccialist countxies, and for
Afghanistan as well.

GIDEP, together with Norweglan and Afghan orga.-
nizations, is conducting planning and research on joint
use of bordering rivers, The Institute sends 1ts specla-
l1ists to a number of countries for the purpose of consul-
tation and rendering technical assistance.

The Institute for Planning Hydroelectric Stations
has seven territorial departments which carry out a whole
complex of planning and research projects: Moscow, Le-
ningrad, Tiflis, Central Asla, ‘Ukraine, Bakinsk, Ar—
menia, and one speclalized in Moscow -- the OATN -
(Otdelenie avtomatiki, telemekhaniki i naladki -- De-

-4



partment of Automation, Telemechanics and Repairs). In
the capitals of union republics - Stalinabad, Frunze,-
Alma-Ata, and Minsk -< there are permanent planning and
research groups.

Of great significance for the. operational aceo-
modation of construction are the Institute's planning
groups -at the. building sites. The Planning groups also
‘take charge of supervision of the building project. '

: At the present time there are more than 5,000
technical and englneer workers in the employment of the
Institute.

The Institute's largest departments are at Moscow
and Leningrad.

The Moscow ‘Department has formulated hydro-.
power plans for use of the rivers Angara, Western Dvina,
Neman, and is completing plans for use of the Selengi
River. 'Ten hydroelectric stations with total power of
approximately two million kilowatts have been bullt ac-
cording to 1lts plans: the Gor'kovsk on the Volga, the
Irkutsk on the Angara, the Kamsk, Iriklinsk, Krasnopoly-
ansk, Maykopsk, Belorechensk, Ordzhonikidzevsk Sengi-
leyevsk and Svistukhinsk,

Construction of the Bratsk hydroelectrlc station
on the Angara River 1s being carried out according to the
plans of the Moscow Department of the Institute for Plan-
-ning Hydroelectric Stations, This hydroelectric station
has..a power capacity of 3.6 million kilowatts, the Plyavin'sk
GES- on the Western Dvina with power of 600 thousand kilo-
~watts, the Ust'-Ilimsk hydrcelectric station on the Angara
with more than three million kilowatts of power, and
others. : ‘
- Plans have been completed for the ship elevator
of the Bratsk GES, with more than 100 meters of pressure,

The Moscow Department has carried out restoration
and reconstruction of the hydroelectric unit at the Feng-
man Hydroelectric station on the Sunggare River 1in the
Chinese People's Republic. This department of the In--
stitute has also done work in the Democratic Republic of
Vietnam, and elsewhere,

'The Leningrad Department nas made water power
plans for the Northwest, Urale, Kazakhstan, the Central
European Section, parts of Western Siberia, and other
economic sectors. According to its plans, more than 30
GES have been constructed, with total power capaclity of
more than 2,8 million kilowatts. This includes the cascade
of the GES on the Niva, the Verkhne-Svirsk and Ul'binsk,
the Komsomol'sk and Tavaksk on the Chirchik River; the




Ust'~Kamenogorsk on the Irtysh (the larsest one-chamber
mining type sluice in the world -- 40 meters of pre-
ssure), the Novosibirsk on the Ob, the Narvsk, Knyaz-
hegubsk Ondsk, and others., R

The total power capacity of the GES under con-
struction by the Leningrad Department exceeds five million
kilowatts, The largest. of them -- the Krasnoyarsk GES .
on the Yenisy --'has 14 aggregates of 300,000 kilowatts
each;. ‘and a vertical.mechanical ship elevator 120 meters
in height, This department is also building the Bukhtar-
minsk GES on the Irtysh, and others. o

The Leningrad Department conducts planning and
research work at the Shul'binsk GES on the Irtysh, the.
Sayansk on the Yenisy (over three million kilowatts), the
Zeysk (800,000 kilowatts), and others. =~~~ . = .

- The Department has’constructed two hydroélectric:
stations in Albania, and is currently building the San--
menhsia GES on:the Yellow River in the Chinese People's
Republic, ; o S

. The Tbilisi Department conducts planning and re-
search work mainly for the G orglan SSR, whose potential
hydroelectric resources reach 70 billion kllowatt L
hours per annum, This department mainly plans diversion
and composite GES ' in mountanous reglons with tunnel
diversions, and other subterranean constructions. The
department has built 16 GES with total power of over 500
. thousand kilowatts wlth pressures up to 500 meters -- this

‘includes the Khramsk No 1, Sukhumskg'Chitakhevsk, Gumatsk

and Samgorsk, as well as the Tkibul'sk and Shaorsk, which
“were built in cave regions, The Khramsk GES No 2 1is being
built, as well as the Ladzhanursk, which has an arched
dam of approximately 70 meters in height. Planning and
research work 1s being conducted for G orgia's largest
GES, the Ingursk, which has & dam 240 meters in height.

~ The Institute’s Speciallzed Department of Auto-
mation, Telemechanics, and Repalrs has performed, dur-
ing the post war years, large planning, construction, .
experimental, and repalr taskg in connection with the
automatization of previously constructed hydroelectric
stations, and has done repair work for most of the
hydroelectric stations built in the Ussr. o _

All the new hydroelectric stations being planned

now are automatic and, when necessary, capable of belng
operated by remote control,. -

. At the present time all the hydroelectrlc stations
in operation in the power system are fully automatic. -
Starting and stopping of the aggregates is accomplished.
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by & singie impulse. Approximately 70% of them are
equipped with remote control devices,

The Institute for Planning Hydroelectric Statlons
has worked out model plans for hydrotechnical constructlons,
as well as normative, methodological, and informatlon
materials on all the most important problems of planning,
research, and building of hydroelectric stations, on
problems of new techniecs, and mechanization of research
and construction, ete,

Normative, methodological end information _
materials published by the Institute consist of more than
1,500 printed pages.

The main task of the Institute for Planning
Hydroelectric Stations at the present time is the security,
through planning and research materials, of hydroelectric
station construction for the current sevem year period
1959 to 1965, and the years to follow.

The Institute's Central Asia Department plans hy-
droelectric stations in the territories of the Uzbek,
Tadzhik, Turkmen, and Kirgiz SSR.

ThlS department set up Central Asia 8 water power
plan. Thirty hydroelectric stations with a total power
of more than 500-thousand kilowatts have been bullt ac-
cording to its plans, including the Farkhadsk and Kayrak-
Kumsk hydroelectric stations on the Syr-Darya River, the
Bozuyskiy waterfall, the Khishrausk, Varzobsk, Shaarik-
hansk, and other GnS At the present time the Uch-Kur-
gansk hydroelectric station is being built on the Naryn
river, and the Golovnaya on the Vakhsha River, The Charvask
GES, with a dam 160 meters high and made of local materials,
is belng planned on the Chirchik River,

The Central Asia Department also performs planning
and research at two hydroelectric stations in Afghanistan,

The Ukrainian Department basically plans the Dnepr
cascade hydroelectric stations. The operative Kakhovsk
GES, &nd the Kremenchugsk and Dneprodzerzhinsk GES
belong in this category. The Kanevsk and Kiev GES have
been presented with a plan to use the lower Dnepr. The
Department also does planning for hydroelectric statlons
on the Dnestr and other rivers of the Ukraine, as well

as water supply of the Donbass..

The Baku Department has completed basic planning
for the Mingechaurck GES on the river Kura, and 1s plan-
ning a number of GES in Azerbaizhan and Dagestan. The
Varvarinsk GES on the river Kura was bullt according to
the plans of this department. .

The Armenian Department is planning hydro-
electric stations for the Sevan-Razdan falls, and .a




number of other GES In Armenia,
The Bratsk'Hydroelectric Station

A csscade of six hydroelectric st ations, with a
total power of more than 10 million kilowatts and power
production of more than 70 billion kilowatts per year,
has been constructed on the Angara River.

The Bratsk is the larcest hydroelectric station
in the cascade,  Its total power constitutes 3,6000
kilowatts, with a yearly production of 21,5 billion kilo=-
watt hours.. This is the most powerful hydroelectric
station-in the world., An increase in power to reach
4,500,000 kilowatts is predicted. -The hydroelectric
station is situated at the Padunsk Narrows of the Angara
at the beginning of the rapids, Here both banks rise
straight up to a height of 75-80 meters above the water

- at the point where the narrows are 800 meters wilde., The

banks -and channel in the area of the Padunsk Narrcws are
-composed of strong volcanic rock -- diabase,

' Based on many years of observation, the annual
flow of water passing through the hydro-unit reaches

92 billion cubic meters. A characteristic of the Anga-
ra's water flow is its equability. This is due to the
regulating influence of Lake BayKal, a large natural

" reservoir,

Construction at the Bratsk hyaroelectric station
1s carried out under severe climatic conditions. The
average temperature in January 1s 24 degrees centi-
grade below zero. .The frost period lasts 182 days.

In gutumn, before the river freezes over, powerful
ice formations accumulate, and in the spring blocking
of the ice occurs, which causes the level of the

- river to rise to a height of seven meters..

The volume of the Bratslt Reservoir is 179 billion
- cublic: meters -- 50 billion cublc meters is considered
"a good sized volume.

The basic equipment of this hydroelectric unit
i1s a dam, hydroelectric station building, distributlng
structures, and rail and auto transportation.

~ The river channel 1s covered wlth a concrete
grativational dam 127 meters in height, and 840 meters
in length. The dam 1s lightened by hollow delormation
seams, 3-7 meters 1n width.

The length of the ‘two concrete dams on the right
and left banks is 308 meters each. The earthen dams
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are 723 and 2,965 meters in length.

The spillway part of the channel dam has 11 open-
ings of 16x6 meters with segmental locks, and ten under-.
water drains of 3x6 meters for subsurface flow of water
in filling the reservoir.

.In the GES building, which is situated on the left
bank of the channel, 18 aggregates of 200,000 kilowatt
power each will be setb up. The radial-axial turbines with
working wheels 550 centimeters in diameter will be the
most powerful hydroturbines in the world. :

The main scheme for the electrical units is taken
as a block: generator and transformer.

The generator's voltage is 15.75 kilovolts, and
.when increased reaches 220 and 500 kilovolts, The booster
transformers are situated between the dam and the GES
building., . Open distributing s%ructures are situated
on the bank,

The builders are faced with the task of finish-
Ing four million cubic meters of earth and rock exca-
vations, 13 million cubl meters of dams and rock fill,
and 5.8 million cubic meters of concrete and reinforced
concrete, ,

The bullding of the basic structures is broken
up into two parts. First the concrete spillway dam,
the main structures of the GES, and the station part of
the dam are built., At this point water will begin to
flow through the left part of the Angara Ghannel CON-
strained with partitions up to 300 meters. In the
second stage of the bullding process .partitions must
‘be constructed for closing off the excavation for the
station part of the dam and the remaining section
of the GES structure. At this point water will flow through
temporary openings in the spillway dam,

This construction work is isolated from industrial

centers. This makes it necessary to have independent
means for producing construction materials and of making
‘mechanical repairs right at the site.
» Duo-console gantry Jib, tower and other type cranes,
as well as dump trucks which unioad concrete blocks directly
or through chutes were provided for laying concrete,

As of the present, parts of a future city and
small settlements have been bult. Raillroad lines have
‘been constructed. A high voltage 1liné (628 kilometers
with substations) for the transmission of electric power
-from the Irkutsk GES has been built and is already in use.
The partitions for the first stage of construction have
been completed., Concrete construction has been started,



and concrete is being laid in the spillway dam. A
gcaffold bridge is under construction.

. _Construction of the Bratsk GES will ‘bring about
basic changes in the economy of Eastern Siberia. The
conquest of the Angara will aid in changing the remote
Siberian regions into the largest industrlial center of
the USSR, .- . - : . i

The Dnepr Cascade of Hydroelectric Stations

The Dnepr, one of the largest European rivers,
flows through.three Soviet republice -- The russian Fe-
deration, Belorussia, and the Ukraine, s

The river basin 1s 500,000 square kilometers.

The river is 2,285 kilometers in length, and has an
average annual flow of 53 billion cublic meters. -

A cascade of 14 hydroelectric stations, with a -
total power of 3.3 million kilowatts, and an annual '
power output of 10.4 billion kilowatt hours has been
planned to cover practically the whole length of the
river, from source to mouth.. .

The mailn concentration of hydroelectric power
resources (90%) 1is in the lower regions of the Dnepr,
below the mouth of the Pripyat', which is 1,064 kilo-
meters in length, and has an average lapse of about
100 meters. ' ' :

Six hydroelectric stations have been planned
for this area. Of these six the Lenin Dnepr GES and the
Kakhovsk have already been built, the Kremchugsk and
Dneprodzerzhinsk GES are in the process of being built,
and the Kiev and Kanev hydroelectric unlts are still
in the planning stages. . o '

After the last two mentioned hydroelectric sta-
tions have been completed, a deep, navigable route from
Kiev to the Black Sea will be formed, the drying steppes
of the southern Ukraine and northern Crimea (a total area
of up to 3.5 million hectares) will receive needed irri-
gation, and the surrounding industrial areas will be
assured of an adequate water supply.

The problem of utilization of the Dnepr began
recelving attention long before the October Revolution,
However, at that time the Dnepr recelved attention main-
ly with a view to improving navigation conditions, es-
pecially in the area of the rapids. : :
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. The Kakhovsk GZS

‘The*Kakhovek GES is last in the cascade.

Its full pressure 1s 16.4 meters., Its total power
is 312,000 kilowatts. Average annual power output is
aporoximately 1.4 billion kiiowatt hours.

This hydroelectric station has considerably ime-
proved power conditions for industry and agriculture in
the southern Ukraine, and plays an #important role in
the irrlgation of the large areas of drying land in the
southern Ukraine and Crimea,

Geological condltions here are very complex*
the valley slopes are composed of porous limestone, marls,
and sand. 5ilt and sand are deposited in the flood plane
and channel,

Included in this hydroelectric unit are: GES
building, a concrete spillway dam, earthen dams, and a
navigable sluice. The total length of the pressure front
is 3.65 kilometers.

The river channel is closed by an earthen alluvial
dam, at the base of which a thick mass of estuary and sea
silt is embedded, This dam, 30 meters in height, was -
the first earthen dam in the history of hydrotechnical
construction to be built direcctly on silt,

The concrete constructions are on the sand foun-
dations of the left bank flood plane.

'~ Inthe GES building there are six aggregates
with rotary blade type turbines having working wheels
of eight meters in diameter.

The turbine's suction pipes equal in length 1,54
diameters of the working whesel. This has decreased the
amount of concrete and earth construction needed, has
eased the conditions of water reduction, and has shortened
by two or three months the building time formerly needed,
However, this condition has caused a relatively small
decrease in power output due tc some lowering in co-
efficient of the turbine's effectiveness.

In the GES building bottom spillway . openings
have also been constructed, making it possible to shorten
the length of the conrete spi iway dam considerably.

One of the GES's main features is a closed di-
stributing unit with a voltage of 154 kilovolts, si-
tuated in a four story annex to the GES building on the
underwater side.

Congtruntion of the lower part of the sluice room
-~ atcomplished by first forcing in concrete.
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In building the Kakhovsk hydroelectric unit, 35
million cubic meters of earthen constructlion were com-
pleted, and 1.4 million cubic meters of concrete and re-
inforced concrete were laild. : S _

The weight of the metal rabbets and metal con-
struction exceeded 40,000 tons. .- =~ <. -

. For the purpose of protecting a number of indu-
stries and settlements from floods, sea-walls 30 kilo-
meters in:length, pumping statlons, and other equipment
have been built in the area of the reservolr. .

The hydroelectric station's first three aggre- -
gates were put into use in 1955, and in 1956 the re-
maining aggregates were initiated. o o

‘The ‘Dnepr ‘GES imeni Lenin

The Dhepr GES imeni Lenin is the first GES bullt.
on the Dnepr. It was planned by the GOELRO (Gosudarst- -
vennaya komissiya po elektrofikatsii Rossil -=- State
Commission on the Electrification of Russia). '

- Thils GES was put into operation in 1932. The
reservolr which it created closed off the rapids and-
made through traffic possiblie on the Dnepr. During
the world war this hydroelctiric station was destroyed
by the facist occupation pewer, but it was restored during
the period 1944-1949, 1In 1947 the Dnepr GES was agaln
in operation.

The Dnepr GES has a total power of 650,000 kilo-
watts. At the present time the average annual power out-
put is 3.1 billion kilowatt hours, and after completion
of the Kremenchugsk GES it will increase to 3.6 billion
kilowatt hours. The GES'sS maximum pressure is 38.5 meters.,

~ Natural conditions at the site of the hydroelc-
tric unit are very favorable. The width of the valley
does not exceed one kilometer, and at the base of the
constructions high quality grenite gneiss occur. Also,.
the flood area is not great in spite of considerable
pressure, '

The main structures of the hydroelectric unit
include: the GES building with an open distributing
unit, a spillway and closed concrete dams, a navigable
three lock sluice and port in the upper waters. Length
of the pressure front 1s 1.3 kilometers, '

The GES building is situated on the right bank.

In it there are nine aggregates of 72,000 kllowatts each
with raidal-axial turbines., At the entrance to the tur-
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bine pressure lines there are rapid aciing locks,
- The concrete gravitational spillway dam, which is

760 meters in length and 62° meters high at the highest
point, has a curvilinear representation in the plan.
It con31sts of 47 openings of 13 meters each, which are
closed by flat locks, Handling of the locks is ac-
complished with the aid of two trestle cranes, '

In the construction of the Dnepr GES: approximate-
ly 1.5 million cubic meters of earth construction, and
1.9 million cubic meters of excavations were completed.
1.2 million cubic meters of concrete and reinforcez
concrete were laid, and the total weight of metal con-
structions equaled 16,000 tons, :

The Dnepr GES is the most effective member of the
Dnepr  cascade, Its part in the powerful united southern
power system, the control of flow by the Kremenchugsk
reservoir, and the support of the Kakhovsk GES make ex-
pedient the Dnepr GES's increase of power by 750,000
kilowatts, and its consequent increase to 1.4 m1111on
kilowatts,

In order to achieve this, six additional aggre-
gates of 125,000 kilowatts each are needed, which can
be placed in a separate building on the 1eft bank,

Theaneprodzerzhinsk GES

This hydroelectric station is being constructed
on the outskirts of Dneprodzerzhinsk. The nearness of
thriving industry, the possibility of using local build-
ing crews, the use of living accomodations and the social
institutions of the city, and the presence of electrical
equipment and roads in the Immediate vicity contributed
to the rapid completion of the basic construction of
the hydroelectric unit, and considerably shortened the
time and volume of work during the preparatory period.

- The hydroelectric unit includes: station building,
concrete spillway dam, navigable sluice, earthen dams,
and sea walls built from rocks-and debrigs fallen from
the valley slopes of the Orel' River.

The concrete structures are built on granite
gneiss, and the earthen dams on sandy soil,

The GES's total power 1s 350,000 kilowatts., For
several years its average annual power output has been
1.25 billion kilowatt hours., Its pressure is 12,4 meters.
The Dneprodzerzhinsk GES will be working on the .flow
regulated by the Kremenchugsk GES. Its own reservoir is
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capable of providing only dally control,

Eight aggregates with rotary blade turbines will
be situated in the station bullding.

A machine room has not been included in the plans
of the above water section of the GES building. The
aggregates will be served by a tres tle crane'capable'of
lifting 500 tons, .

- The concrete spillway dam will have ten openings
of 16 meters each, which are closed by double flat locks
15 meters in heighu. :

A one chamber sluice with railway and auto cros-j
sings COmprises the hydroelectric station’s navigdble
equipment. The sluice chamber 1is located 1n the upper
waters. .

" The alluvial earthen dams will have a total length
of approximately 34 kilometers, of which 29 will comprise
a protective sea wall located along the left bank of the-
reservoir, ‘and which will serve as protection of the
Dnepr's flood plane and Orel' River valley from: inunda--
tions. The maximum height of the channel dam 1s 22
meters, and in the flood plane sections it is 15 meters,

The volumes of work completed at this hydroelectric
unit constitute: earth -- 44 million cubic meters, exca-
vations -~ 600,000 cubic meters; upon completlon there
will have been laid 850,000 cub meters of concrete and
reinforced concrete; the total weight of metal construct-
ions and holsting mechanisms equals 18,000 tons.

The Kremenchugsk GES

The Kremenchugsk hydroelectric station, which is
in the process of being bullt, will have a total power
of 625,000 kilowatts. Max L murm pressure will be 16. 8
meters. ‘

This hydroelectric station's great regulating pos-
sibilities give it an especially significgnt place in
the Dnepr cascade: The Kremenchugsk reservoir, with a
full volume of 15.1 billion cubic meters, will have an
effective capacity of nine billion cubic meters, which
is sufficient for effecting the control of flow for a
full year, and vartielly for several years, Also, the
power and energy output of the’hydroelectric stations
situated lower in the cascade will be increased, and their
losses due to flooding will be less, The Dnepr will
become a deep transportation artery from Kanev to the
Black Sea.
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The Kremenchugsk GE3's annual power output is
approximately 1.5 billion kilowatt hours. Also, due to
the regulating influence of its reservoir, the power
production of the stations situated lower on the cas=
cade has increased more than 0.5 Pillion kilowatt hours.

The river valley in line with the station 1s filled
with a thick layer.of quarternatry sediment with a force,
on the average, of 15-17 méters, On the right bank there
is a stretch of dark gray graniteé. 1In places the granite
covering is raised high, and even goes above the sur-
face. "Towards the south the granite reaches a consider-
able depth,

The hydroelectric unit's equipment includes' sta-
tion bullding, concrete spillway dam, earthen dams, na-
vigable one~-chamber sluice. The concrete structures are
built on granite, and the earthen structures are built
on sand, Total length of the pressure front 1s approxi-
mately 12 kilometers,

The station building does not have a machine room,
and the generators are situated under special cowls.

The assembly area is covered, but has a collapsible roof
and a sunken floor. When assembled and adjusted, the
aggregates will be served by a trestle crane with a
hoisting capacity of 500 tons.

There are 12 aggregates with rotary blade turbines
in the GES building. The generators are three phase ionic
excltation type.

Six main transformers of 180,000 kilovots each
make up three blocks. Twe generators are jolned to
each transformer,

The splillway dam is composed of ten spangs of 16
meters each, which are closed by flat locks. The earthen
dams are made of alluvial soil. Their total length is
10,7 kilometers.

A special feature of the navigable sluice is its
lack of twwers, and location of control mechanisms in
abutments., _

Earthen sea-walls, pumping stations, and other equip-
ment will be 1lnstalled for the protection of settlements
and valuable land from floods,

The folume of basic work totals: earth -- 72 million
cublc meters, excavations -- 87,000 meters, concrete --
1.2 million cubic meters. The weight of metal constructions
being assembled equals 13,800 tons,

Excavations in soft soil, and the building of
earthen dams is accomplished 85% by hydromechanical means
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Concrete work is done with the use of geniry Jib,‘and
ten ton tower cranes, - o

The . Kanev and Kiev HVdroelectric Stations

. The Kiev and Kanev hydroelectwic units have also
been planned for the lower. Dnepr. These will be the top
steps in this part of the cascade. '

On both projects wide use of compos*te rein‘erced
concrete is planned in all construction at the bydroelec-
tric units (up to 60% of all concrete work), :

The Kanev unit is also of great 1mportance to
transportation, When finished, a deep water route from
Kiev to Kherson will have been -completed. .

The Ifkﬁtsk HydroelectrinStatien'i

" Gigantic power bases are belng built In LEastern
Siberia. The Angara River, which flows from Lake
Baykal 1s the pearl of this region. It is possible to
build a six station cascade here, with a total power
of more than ten million kilowatts, and a power output
of more than 70 billion kilowatt hours per annum. The
Irkwutsk GES, with 660,000 kilowatts of power, and an
annual power output of 4.1 billion kilowatt hours is the
first (top) step in the cascade.

Lake Baykal, an excellent natural reservoir,
emooth as glass, with an area of 30,000 square kilo-
meters, regulates the river flow, 1eveling it off con-
siderably throughout the whole year, -After completion
of the Irkutsk GES dam the river flow became even more
regular,

The Irkutsk hydroelectric station's first two
aggregates were started up in December of 1956, and by
1958 the station's power had been brought pp to the
amount planned.

The high degree of mechanization made possible
the successful course of the work., Steam shovels, having
scoops of ten cubic meters in volume, and beams of 40
and 75 meters in length were used in the construction.

’ It should be mentioned that such machlnes were
used for the first time under such severe climatic con-

. ditions.
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Considerable zmounts of earthern construction were
completed: 5,7 million cubic meters of excavations, and
12.4 million cubic meters of fill. 840,000 cubic meters
of concrete and reinforced concrete were lgid, The
weight of metal construction and equipment equalled 31,000
tonsg. ;
This building project on the Angara met with a
number of difficulties. The freéezing of the river goes
from the lower waters up the river dgainst the current,
and is accompanied by accumulations of water under the
surface of the ice, which causes sudden rises in the
water level, at times reaching five meters., The con-
tinental climate 1s characterized by sharp changes in
temperature,, which reach as far as 50 degrees below zero
(Centigrade) in the winter, and 35 degrees above zero
in the summer, :

Gravel conglomerates, and sand sediment from the
present alluvium, with a force of 8-10 meters, and inter-
mittent layers of siltstone and sandstone with streaks
of coal are being 1laid in the channel and on the banks
of the Angara. Earthquakes reach an intenslity of eight
points, v )

The pressure front of the Irkutsk hydroelectric
unit is 2,740 meters long, and 1s made up of a statlon
building and earthen dams made of gravel conglomerate
and sandstone. The dam has an antifiltration, argilla-
ceous core. The highest point in the channel dam is 44 .
meters., ' :
Along the ridge of the dam there i1s an asphalt
highway, and the possibility of building a rallway 1is
under consideration. ' -

» - The Irkutsk hydroelectric unit has a distinguish-
ing feature -~ the lack of a spillway dam. Characteristic
of the Angara is the unusuval evenness in its out-flow:
over a perbd of 60 years of observation the greatest out-
flow of water exceeded the least by only 6.7 times.

' " Unevenness in the river®s out-flow has decreased
even more as a result of construction of the reservolr
with a functional volume of 46 billion cubic meters, and
additional regulation of water flow. This has made
possible adaptation of a type of station building
with spillway apparatus placed between the hydroaggre-
gates, and has eliminated the need of a spillway dam.

The capacity of all 16 spillway openings together
with the turbines provides a flow into the lower waters
of more than 6,000 cubic meters per second.
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The GES building is equipped with locks permitting
the regulation of flood waters, repalr of aggregates,
etc. The locks are served by trestle c¢cranes. '

_ The control and measuring apparatus makes 1t
possible... :

o / Note: Ten Tines of'ph6£ocopy7but o
..~ down middle, _Not possible
to translate./ R

The agzragates are completely automatic. .

Every two generators work in a block with one
transformer group of 210 millivolts or an autotrans-
former group with a passing power of 414 millivolts.
The open distributing units of 220 and 110 kilovolts
are connected to the transformers by air lines., On the
110 kilovolt side a double system has been adopted -=-
a busbar with bypass, and on the 220 kilovolt slde - a
quadrangular scheme. - o )

The Kamsk Hydroelectrlc Station

The Kama River is one of the largest in Europe.
Its length from source to mouth is 2,030 kilometers.
There are approximately 60 cities and many steelements
along the Kama and its tributaries. The banks and sur-
roundings of the river are very plcturesque, and attract
many tourists. The Kama basin is rich in timber, and
various useful minerals, .- v
" The river's water gathering area constitutes 38%
of the Volga's gathering area. Over a period of several
years the Kama's average flow at its confluence with
the Volga exceeds the flow of the latter somewhat, and
at Stalingrad eguals approximately half the Volga's
flow. The Kama's total drop from source to mouth 1ls over
100 meters. '
Due to the size of its flow at the mouth (130
cubic kilometers) and at Perm (52 cublic kilometers),
the Kama possesses great stores of hydroenergy. These
stores of hydroenergy reach up to as much as 12 billion
kilowatt hours. ‘
, The Kama hydroelectric station at Perm is the
first on the Kama River. o ; -
Its total power has been calculated at 504,000
kilowatts. Its average power output over a period of
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several years before the bullding of reservoirs inthe
headwaters was calculated at 1,835 million kilowatt
hours, : :
The Kama hydroelectric station dam's support
reaches up the river more than 300 kilometers.,
In places the resérvoir is 25-30 kilometers wide.
The .geological formationg are very complex in
the Kamsk hydroelectric station cénstruction region,
and have considerably complicated the plaring of
constructions which will ensure the safety and permanence
of the equipment. , : .
Never before in the history of hydrotechnical
building have like examples of supporting structures
been encountered under such pressures, and in similar

eircumstances, The large gypsum content of the bedrock

is one feature of the complex geological formations in
the building area of the Kama hydroelectric unit.
At a depth of 50 - 55 meters bedrock Joins a layer

of gypsum of up to 10 meters tension, and then a layer

of dry gypsum or anhydrite of very great tension,
The upper layer of bedrock, which is almost de-
void of gypsum, was chosen as a foundation for builld-
ing. ' ,
The top of this layer was covered with a water-
proof facing. First an antifiltration acreen was construct-
ed of several rows of chinks, into which a cement solu-
tion, stable against sulfur compounds, was pressed,
Also, at some distance from the beginning of the facing
a drainage screen was provided, which served to carry

. off filtration into the lower waters.

For the purpose of protecting the construction
from lateral filtration, the cementation and drainage
screens were also extended in the direction of the bank,
and under the earthen dam, _

" The Kama hydroelectric station has nelther a
separate GES building, nor a spillway dam, such as are
usually found at hydroelectris stations. All the Kama
GES aggregates are situated within the body of a rein-
forced concrete spillway dam.

Thus, a new type of construction was created --
a spillway hydroelectric station. .

This was the first hydroelectric station of its
kind in the world. : .

The Kama GES does not have a whole room devoted

to machinery like most hydroelectric stations. Each

aggregate is situated in its own spillway span. On
the spillway ridge, metal covers are constructed in
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each span for mounting and dlsmounting the aggregates.

In the body of the spillway there is a two story
building 1n which suxiliary equipment is housed. When
the flood waterss are let out, the station finds it-
self temporarily under watar.

All the GES's production communications,-which
connect -1t with work units and varlous other activitiles,
are situated on supports on the lower side of the channel
‘in a two story structure above the spillway. There are
23 vertical aggregates and one horizontal aggreaate 1n
thls hydroelectric station. _

- The structure of the vertical agqregate differs
in that its base is mounted on the turbine: cover. This
decreases its height considerably. )

The horzontal aggregate is the first in: the world
of like construction and power. Water is brought to the
turbine from two sides through pipes which circle the
hydrogenerator chamber, The horlzontal aggregate generates
the same power as a vertical one with a smaller wheel,
and has an optimum kpd (koefitsient poleznogo deystviya -
efficiency)of 0.5% higher than the vertical aggregate.

Three trestle cranes provide for the mounting .
and repair of the station's aggregates, the turbine locks,
and spillway pipes. Three jib cranes with a hoisting
capacity of 20 tons provide for the cleaning of the nets,
One trestle crane serves the suction pipe repair locks,

The type of construction described here has con-
siderably decreased the total volume of the various basic
construction jobs.

Increase in the number of aggregates has made it
possible to build a comparatively shallow foundation on
the upper, non-gypsum layer of bedrock.

Decrease in the depth of the foundation and volume
of concrete work needed has shortened construction time
considerably. Thls shortening of construction time more
than comnensates for the smal1 decrease of the aggre-
gates' power coefficlent '

This station's electrotechnical aspect is also
carried out in an unusual manner. v

In order not to increase the number of trans-
formers and high tensioneguipment, every slx hydrogene-
rators are joined to a transformer group consisting of
three one-phase transformers of 150 megavolts,

In order to decrease short-circuit currents, the
winding of the transformers! generator tenslon is divided
into two parts; three generators are Joined to each of
them. ' ‘ -
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All starting, stopping, and control is carried
out automatically without any intervention of personnel.
A special automatic mechanism controls all the working
aggregates dimultaneously. :

The housging of the spillway and aggregates in one
structure makes possiblée an eje¢tion effect during the
spring high waters, when pressure at most hydroelectric
stations falls considerably.

The ejection effect of water forced through the
spillway makes it possible to increase power by 40% in
the spring,

The maximum flow of water on the apron reaches 61.5
cubic meters per second.

The Kama is a very lively water way, and the
largest timber floating river in the European part of
the USSR,

For the passing of ships and rafts a multichamber
sluice was built at the Kama hydrdelectric unit. This
was the first multichamber sluice to have electric
towing power, eliminating the need for having tug boats
which would have to go back up the sluice after releasing
their tow. ‘

The sluice is two-lane, It has six chambers in
each lane,

The chambers are closed by recoil gates, The cham-
ber walls are made of steel rabbets, and the heads are
of reinforced concrete, The sluice is automatically con-
trolled. , : ' '

This type of sluice has a great passing capacity.
When passing ships and rafts, the sluice 1s capable of
accommodating three rafts orthree caravans in each lane,

Besides spillway and sluice, the Kama hydroelectric
unit also has earthen dams: a channel dam, and a flood
plane dam on the left bank., .

The dams are filled with alluvium, and have a
flattened profile, since they are built on soft soil.

In construction of the Kama hydroelectric unit
5.6 million cubic meters of earth excavation, 520,000
cubic meters of rock excavation, and 14 million cubic
meters of concrete and reinforced concrete were laid.

The weight of metal rabbets, and metal construction
equalled 70,000 tons.
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