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THERMAL BECIME OF THE RESERVOIR OF THE VILYUYSEATA HYDROEZLECTRIC POWER
STATION AND THE PERMANENTLY FROZEN GRCUND OF IT7S BED

Mogcow KOLYMA in Russiasn ¥o 6, 1972, pp 30-33

[Article by R. M. Eamenskiy and I. P. Konstantinov, Perwmafrost Institute
Siberian Depertment USSR Academy of Sciences]

[Text] The comstruction of the first major hydroelectyric comwplex, the Vil-
vuyskaya Hydroelectric Power Statiom, in the regions of occurrence of per-
mafront and & severe climate, raised befove planners and engineers prob-
lemeg caused by the specific conditicans of erection and operatlon of the
structares in the hydrcelectric complex.

The wost important structure of the hydroelectric station is the dam,
which under the conditions of the Far North is preferably made from local
construction materials. The entifileracion and static stabilicy of nuch a
dam is determined to 2 considerable degree by the thermal regime ol the
structure, which is formed under the joint iniluence of differen. thermo-
phyeical processes, Naturally, one of the principal factors decermining
the thermal state of the body and foundation of the dam is “he reservoir,

,whose thermal regime and whose dynamics are extremely uncertain in thie
case and require special study.

On the other hand, thg formation of & large artificial water body (length
400 km, area 2,170 lm®, volume 36 km3, depth up to 70-80 m), the bed and
shores of which consise of permanently £rozen ground, in individual cases
very dey, with inclusions of an ice complex, raises anew the problem of
-8tudying the reformation of the shores and possible infiltration as the
bed bottom material thaws.

Taking into account the importance of study of the _nermal regime of the
resevvoly and the pevmanently frozen ;r-und of 1ts bottom for wvalidating
thermotechnical wmethods for designing hydroengineering structures in re-
gions with permanently frozen ground, the Vilyuyskaya Sclentific Research
Permafrost Station of the Permafrost Institute Siberian Depavtment USSR
Academy of Sciences since 1967 (from the time of onset of filling of the
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reservolr of the Vilyuyskaya Hvdroelectric Power Station) is eystematical-
ly carrying out fleld observations of the distribution of water tempera-
ture in the sector of the reservoir near the dam {(approxinmately 800 = above
the uppae~ line of the dam)and of the dynamics of the temperature field of
the bottom material io i{ts bed. Since 1970 specialists have also been mak-
ing scasonal observations of the formation of the thermal regime of the
ceastal (shallow-water) zone of the rveserveir in its different parts with
& detatled analysis of the diurnal variation of tezperatures in dependence
on depth, wmicroclimate and other factors.

For comparison aund use 0of the results of the field observations presented
in the article we will give the principal climatic characteristics of the
reglon.

The basin of the Vilyuy River belongs te the Fast Siberian Climaric Regilon.
Table 1 gives the mean wornthly and mesn annual alr temperatures for & gix-
year period of observations: on the basis of data for the meteorcloglcal
station at Charnyshevskiy village.

The tramsicion of the mean daily eir temperature through 0° ~ccurs in the
neighborhood ot Chernyshevskiy village {n goring, during the irst zen days
¢f May, and in the sutumn =-- in the second ten davs in September. The cumber
of frost-free days does not exceed 70-74. The measn annuai wind velocity is
3.6 n/fsec.

The wethod for carrying outr field observations of the thermal regime of the
reservolr and the underlying frozen lavers is as follows. The water Lemper-
ature is measured using strings of thermistors along three verticals on the
line perpendicular to the axis of the reservolr (Fig. 1). The intervals of
depth measurements were from I to 5 m. Fer observations of the dynamics of
the temperature field of permanently frozen ground in the reservoir bed
specialists set up a special geothermal line of three boretholes, each with
a depth of 50 m, The boreholes were cased with watertight steel sleeves in-
to which the strings of thermistors were erbedded., The sleeves were f.lleg
with niger oil and in the upper part, to a depth as great as 3 o, werc
sealed with bitumen. Temperzture measurements are made rewmotely from an
observation panel mounted at a site away from the reservoir. The under—
water lead from the boreholes to the panel was made with a special control
cable of the KVRB 19 x 0.3 type. The periodicity of all measurements was
one month. Measurement accuracy was 0.1°.

Although the f£illing of the reservelr began in 1987, the most sra.le and
near-planned water levels have been observed only since 1969, Therefore,
the total cobservation time covers a small period and the conclusions which
were drawn on the basis of these observations are of a preliminary navure.

At the beginmning of the spring period, when the mean daily air temperatures
pass through 0°, the thermal regime of the reservoir {s characterized by a
virtually linear distribution of tewperatures with deptn with an
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insignificaat gradient. The watér temperaturas were minimum (Fig, 2.1).

48 the snow melts, the mele water avvyives from the slopes, the ice cover
is destroyed and the surface layers of water are heared by means of pene-
trating solse rvadiation, the thermal rvegime of the reservolr forming by
the onset of the gpring period is {mpaired. A distinguishing character=
istic of the vegime becomes a considerable areal ncnuniformity. For ex-
awple, in the headvater ecbsymentg in the shallow-water sectors as a ve-
sul, of their early opening up (freeing from ilce) there is a direce
stratification with & rather high tewm, srature of the surface layers dur~-
{ag the daytime (up to 12-14°), wheress in sectors of the reservoir where
the ice cover persists theve 12 8 reverse stratificacion with tempers=-
turas of 2-4° (Table 2).
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The melt water flowing from the slopes with a temperature close to 0° fave
ors the cooling of the water and to soue degree governs the duration

of the periocdi of spring homothermy. As a result of this, after totasl clearing
of the reservoir from its ice cover (10-15 June) the temperature of tha bot-
tom layers of water is reduced by 0.2-0.5° with coasiderable heating and
great gradients of temperature in the surface layers. Beginning with the
second half of June there is intensive swwmer heating of the reservoir and
this period-is characterized by stadle stratificatinn with considerable

watey temperature gracients with depth (Fig. 2, 11},

The maximun difference between the water temperatures at the surface and at
the bottrm is observed during the second tem~-day period in July when the
air tewperature attains {rs maximum. In the sector of the reservoir near
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ths dam (”canynnlﬁacter“} this difference attsins 10-15°,
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Fig. 1. Disgram of ocutficting of line on reservoir for temperature observa=-

giona., A} Lefr side: B) Right sidey C) Borehole; D) Distance, w
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Fig. 2., Water temperaturns distribution with depth during characteristic
periods of year: I) beginning of May; II) June 11; III) fugust; IV) Sep-
gember: V) October; VI) January

The heating of the reservoilr occurs nonuniformly in its different parts.

In mid-June 1971 a rapid temperature survey was made along the length of
the reservolr in a sector of 80 km. The water temperature was beasured in
the entire depth using a GM9 bathythermograph. The results of the meas-
urements wWe.e processed in the form of mean temperatures with depth. Their
analysis revealed that the lowest water temperature 1s observed in the can-
yon and deep~water sectors of the resevvolr. In broadenings the mean water
temperature is greater by 1.3-2° and lesser temperature gradlents wich
depth as a result of wind mixing.

The raximum heating of the water mass is observed in late August - early

September. During this period in the anector of the reserveir in the vice

inity of the dam theres are mean temperatures with depth (9-10%). The mature
, of the temperature distribution with depth is shown in Fig 2, IV,
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The couliag of the surface layers of water beging in late August in comnec~
tion with a2 decrease in alr temperature, a decrease in the receipts of so-
lar rvadistion and an intensificstion of wird nixing. In the shallow-water
sectors of the resevrvolr homothermy is established velatively vapidly with
water cemparatures of 12-14° and 3 further decreazse in temperaturs OCCUrsS
wiformly through the eative layer. In the deep~water gectors homotherwy

‘g established in the second=-third ten~day pericd of October with tempera-
tures 4~6° (Fig. 2, V). In the pericd of autuzn covling of the :saervoir
the principal role i{n the heast esxchenge of different water layers in is
cenyon sectors is played by free convection, whereas in the broademings the
main role is played by wind mixing. Nevertheless, during this pericd there
i no significant difference in the dynamics of the thernal regime of the
regervolr in its different sectors.

Ice formsrion on the reservoir ends during the firat ten days in Hovembav
with water temperatures of 3=46°, gveraged for the vertical cross sectios.
In the shore zone snd in shallow-water sectors an ice cover is formed be-
ginning with the gsecond half of October with wvater Cemperatures averaging
about 2° in the vertical cruss section. During tha first 30-40 days after
the ice sets in there i{s some increase in vater temperature (by 0.2-0.4°}
due to heat exchange with the bottom material of the flcor and then during
the entire winter there is a gradual decrease in water temperature in the
entire depth. An increase in thickness of the ice cover occurs to the end
of March and the mawimum ice thickness in rhe reservoir s 10-15% greater
than on the Vilyuy.

A general analysis of data from field observations of the thermal regime of
the reaservolr from the point of view of the thermal effect on the structure
of the hydroelectric power station and on ihe shore makes it poseible to
note the following.

In the coszstal zone of the reservoir and in the shallow-water sector~ the
average weber tempevature in the vertical cross section during the summer

iz higher and during the wianter it is lower than in the deep-water canyon
sectors. iun general, for the year the mean water temperature for the ver-
tical eross section increasses with a decrease in depch. A similar picture

is also traced with respect to the mean annual temperature of the bottom
layers of water., For example, in the shore zone cf the reservoir with depths
of 5-15 m this temperature is 5.1°, vhereas in the channel part with depths
of 50=-60 m it 1s /.2%, It can be assumed that .s time elapses this differ-
ence In temperatures will increase as the permanently frozen material of

the bed in the coastal zone {9 heated and thaws., It should be noted in this
connection that In the charnel part of the reservoilr duriag the enginearing
field work a talik of considerable thickness was also discovered {it is pos=~
tulated that it is a "through'" talik) with a mean annual tewperature in the
upper horizeas of 4°,
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fe 18 also ijuportart to note this fact. The mean water tempervature in the
trangverse cross se-tion and in depth {.nnual temperature) in the part of
the reservoeir near tte das at the present ¢im: is 4.6°, This temperature
ig eclouse te the mear water temperature computed for the reservoir im the
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ccurse of planning (5°). Nevertheless, there is basis for assuming that bghﬁl ‘
with & great period of operation of the hydroelectric complex the mean an- __— 5
nual water temperature will be somewhat grester than was preaicted. ‘;mgxyd¢ﬂé
ot | ﬂs‘
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For hivdroengineering cosputaticns of the thermal regime of the foundation fﬁf
and body of the dam duriny the firstc years of operstion the mean annual e~
Water taemperstures im tue veservolr can be sccepred as sdeguately sound.

Simultaneocusly wich observations of the thermal regime of the reservolr at
these same times asnd in the same cross section observations were made of
tiva dynamics of the temperaiure field of rocks in the bed of the coastal
zone (Figures 1 and 3).

The lichological cross section of the shore slope is as follows: deluvial
clayey loama with gruss and rubble of bedrock o a depcth of 0.3~0.7 m (to

a depth of 10-15 w fractured) with the following rhermonhysical properties:
Y= 1,970 kg/w3; Ap = Ay = 1,90 Cal/m-hour-degy - Cy = 0.167 Cal kg;
wr0,3%.

The temperature observations were initiasted 1n bo: 103 8¢ 1 beginning on
5 May 1969 immediately after cutfltting the boreholzs with thermomercric ap- .
paratus.

Since borehole No 1 was drilled after digging of the reserviir in the shore
zone, twlce inundacted (in 1968 and 1969), the natural temperature regime of
the vocks was gomewhat iwmpalred by the time of onset of the cobservatrions.

In boreholes Nos 2 and 3, after outfitting the borehole and "standing'” the
inatruments registered the natursl temperature regime which was cobsearved i
oa the sleope during engineering fileld work.

Beginning with the second half of May 1969, borehole No 1 fell inzo a zone i
of constant inundation. The depth of the water layer over the boreholzs dur~ ?
ing the obsevrvarion period varied from 2.3 to 12 m in depeandence on fluctue
ations of the water level in the veservoir. Borehole No 2 entered into the
zone of inundation during the first days of June; it varied from 2.5 to 12
w in dependence on fluctuations wuring the observation pericd from 0.8 to
6.5 m. Borehole No 3 was situvated outside the inundation zone, although the
water line beginning with the second half of May 1971 approached the very
edge of cthe borehola.

For analysis of data on the dynamics of the plane temperature field of the
perennially frozenm rocks in the resevrvolr floor Figure 3 shows the temper-
ature distribuction wity depth in three boreholes at similar coments in time
during the pcriod from December 1969 through December 1971, In 2.5 years
the frozen cocks thawed to a depth of 7,75 m (in the first horehole),



whereas the thermal i{nfluence of the reserveir was propagated to a depth

of 22 @m. In boreholes Nos 2 and 3 there 13 an impairment of the natural
temperature field to depths of 24 and 30 m respectively; the greiatest

deoth was noted in borehole No 3, which is situated outside the inundation
zoue., This czn be attributed cnly to the warming influence of the reservolr.

Fig. 3. Dynamics of temperature field of perennially frezen rocks in the

bed and shore zone of the reservoir: 1) temperature distribution with depth
at inirial wowment of time (December 196%9): 2) October 1970; 3) December 1971;
1%, 27, 3') varer levels in reserveoir at corresponding cbservation moments;
0') water level on 5 May 1969. A) Borehole

The dynamics of thawing of the vocks on che basis of data from measurements
in borehele No 1 is shown in Filg. 4. In accordance with the seasconal fluctua~-
tions in the temperature of the bottom layers of water during the course of
the year there is also a change in the intemsity of thaving and although the
general direction of the process 1s an increase ia the thickness of the thaw-
ad layer, during the winter there is & decrease iao the depth of thawing due
to freezing from balow when the bottom water layers have a temperature of
about 1.0-1.5°. Curve 2 in Fig. 4 apprcximates (averages) the general varie
ation of thawing in the reservolr bed ad it is close to the thecretical
curve (3), which is computed on the basis of the well-known formula deriv—

ed by V. T. Balobayev [l] on the basis of fi=ld data on the mean annual
temperature of the bottom layers of water in the coastal zone (+3°), the
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actual temperature ot the peremnially frozen ground ar the depth of the
thermsl influence of the reservoir {(minus 4.3%) and the thermophysical
characteristics of the diabases making up the reservoir floor. The cooput-
ationg do not teke intoe account the thin layer of deluvial deposits; this
evidently can explaia the fact that the sctual deplh of thaving is soue-
what less than the computed value.
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Fig. 4., Dynamics of thawing of rocks in reservolr floor. 1) according to
field measuremear data, 2} curve approximating {ield data, 3) computad
curve. A) vears, wsonths

Compariscon of field data on the thawing of perennially frozen rocks in the
reservoir floor with the cowmputed data, in addition to being of purely
theoretical Interest, also i{s of practical imyortance because it makes [t
possible o conclude that the anslytical formulas derived for unidimensior-
al condlitions can be used in definite ligirs for evaluating tne thermal
influence of the reserveoir on the perennially frozen ground of the bed
even ip the relatively near neighborhood of the shoreline.

For a gqualitative and quantitative evaluation of the thermal influence of
the reserxvoly on the perennially frozen ground of the shore zone it is nec~
2gsary to ob:ain data on the dynamics of the remperature of rocks at dif-
ferent distan~es from the shore.

In general, the results of field obnervations make it possible to conclude
that there is a weak intensity of the processes of heat exchange betwesn
the seservoir and the underlying pevennizally frozen ground {eve. rocky mate
erial, in the case of a minimus lce content), which ig governed ro a con-
siderable degrese by the thermal regime of the reservoir and the low temper-
asture of the rocks.
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