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TENPERATURE REGIME IN LOW-HEAD EARTH DAMS IN CENTRAL YAXUTIA

Yakutak GEOKRIOLOGICHESKI”f H ISSLEDOVANIYA in Russian 1974 pp 167—175

[Article by R. V. Chzhan from the book “Geokr iologicbeakiye Issledovaniya”
(Geocryo logical Studies) , Order of the Labor Red Banner Institu te of
Per mafrost Studies of the Siberian Department of the USSR Academy of
Sciences , Yaku tsk, 1974]

[Textj Low—heed earth dams made of local materials in Central Yakutia
are used primar ily for agricultural purposes . Storage and catchwork
dams averaging 2.5— 3 meters in height are used . It should be stated
imsediate ly that there is a significant difference in the geocryological
con~dition.s of the operation of these two types of dams.

The catchwork dams , which are witho ut water in the winter , freez e in—
tn.siv.ly from all sides each year . In storage dams the upper section ,
under the warmi ng influence of the water , maintains a permanently thawed
state. The central par t and lower section freeze completely and are only
subject to seasonal thawing and freezing.

The filtrat ion stability of these types of dams is usually insured by
frozen ground: the sóasoually frozen layer on the upper section side in
catch work d~~~ and the permanently frozen ground of the central core and
lower section in stor age dams.

The Institute of Permafro st Studies of the Siber ian Department of the
USSR Academy of Sciences carried out studies of the processes of for ms—
tion of the hea t reg ime of catchvork and stor age earth dams app licable
to the climatic and ensineer ing—geocryo logical conditions of the Tatta
River valley where , to solve the water supply problem in Alekseyevskiy
and Cburapchinskiy rayons of the Yakut 551 using water from the Amga
River , a series of earth dams is planned for construction. The basic
results of the thermal engineer ing forecasts made are given below.

• The formation of the t~~~erature regime of the d s  was forecast by the
hydrothermal analogies method • In solving the problem it was assumed
that the process of heat t ransfer in frozen and thawed ground is acco.—

• pu shed by conduction and Chat th. ground freezes and thaws at 0 degrees.

__________________________________



Table 1. Vari ations of Calculating the Temperature Fields of the Body
and Foundation of Low—Read Earth Dams [Key on following page]
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(Kay to Table 1):
(a) Neight of the Dam, meters ;
(b) Breadth of the Dam at the Crest , meters;
(c) ~~~lace.ent of the Slopes ;
(d) Upstre am Slope;

• (e) Downstream Slope;
(I) N~~ber of the Variat ion;
(g) Pool Filled ;
(h) Ground in the Foundation of the Dam;
Ci) )

~ tsture Level of the Ground of the Body of the Dam;
(j ) Snow Cover;
(k) Tear-Round ;
(1) Each Year from 15 May to 15 June;

— (m) For Variations of Geocryological Cross—Sections see Figure 1;
(n) Physical Characteri stics of Grounds Given in Table 2.

During thawin g and freezing the ther mal chara cteristics of the grounds
change mavenly.

A total of 12 variations of temperature fields were considered , reflect ing
differences in leveled regime, dam dimensions, composition of the gr ounds
of the foundation, and surface conditions (see Table 1). The calculation
was made until stabilization of the thermal regime of the ground s with a
prec ision of 0.2 degrees .

In the variations involving dams with permanent pools readings were taken
each month during the first three years of oper ation and , after that , at
the end of the fourth , fifth , seventh, tenth, and fifteen th years. In

V the catch vork dam variat ions readings were taken at the same times, ex—
Capt during the period of filling when readings were taken every 10 days.

The following init ial data were used in formulating the problems:

1. D4—s”~ions of the dams were adopt ed from the plan of the
Yakutsk division of comprehensive planning of the East Siberian
State Pl~~”(ng, Surveying , and Scientif ic Res arch Institu te
of Water Management Construction and are given to Table I.;

2. The grounds of the bodies of the dams are local dust—like
sandy loans. Two var iations for the foundations of th. dams
were selected in conformity with actual geocryological condi-
tions tn the planning areas (see Table 1). The physical
characteristics of the grounds are given in Table 2;

3. The depth of thawing of foundation ground reaches two
meter s at the end of August. These temperatures are given

• in Tabla 3; 
~~~~V•V :

4. Construction of the dams is completed in one s~~~er , by
• the last 10 days of August . The temerature of the ground in

the body of the dam at this time is five degrees;
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(1) J6WU—.~ um . . . • 
a’ $400 I7~J 2000 2000 )F~ aarniw ~

Cm) Ia~~iisc’~ . 
•
. • .  I • ‘. I 25 40 25 3

(a) p~ussi.J-rT- Imum. sim..(r) 116 $6 0  226 ‘OO ‘°~~~
°

~g,,weo~ssc~u ~~~~ e __ 
•

- 
I

to) To ~~~v . • • g . ‘ I 1.44 I 2.00 2.00 2.00

c, 566 7~5 
~~

(
~
) To em . . . C. ‘ 4$0 520 510 430.

Table 2. Physical Characteristics of Grounds in the Body and Foundation
of the Dam

Key: (a) Name of Character istic ;
(b) Sywhol ;
Cc) Unit of Msaaure ;
Cd) Grounds;
(a) Body of the Dam;
(f) Foundation of the Dam;

• (g) Dust—like Sandy Loam;
(h) Dust-like Sandy Loam ;
(i) Sand ;

• (3) Sandstone;
(k) Source;
(1) Volumetric Weight;
(a) Moisture Level;
(n) Heat Conductivity Coefficient of Thawed Ground;
(o) Sane Factor for Frozen Ground ;
(p) Volumetric Heat Capacity of Thawed Ground ;
(q) Sam. for Frozen Ground ;
Cr) gcal/m hr . degree .;
(s) gcal/m3 ‘degrees ;
(t) According to Figures from the East Siberian Institute;
(is) Construction Norms and Regulations, N—B 6—66.
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Table 3. Initial Distribution of Ground T~~~ereture in the Foundation
of the Dam. Ci. — depth in meters , 2 — temperature , degrees C.)
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5. The temperature of the ground surface on the darn and in
the parts of the upper and lower pools near the darn is taken
to be , in sections , the following (see Figure 2):

LCDEY —— the temperature of th. air according to
monthly averages from data of the Churapcha weather
station (see Table 4);

ABL — the water temperature according to generalized
montoly averages obtained from regime observations at
different reservoirs of the Irelyakhskoye system and

• the catch’vork pools of the Khorobutskaya and Khos—
Yurekhskay land improvement systems (see Table 4);

XX — the temperature of the permafrost layer, —3.7
degrees according to on—site measurement.

‘wa—. ‘V. (f) ~$_~- V . T .  V.’t .q I~~ .f,  nOxD~$Iw . C~~

-~~~~~ ~~~~~~~~~~~~~~~~~ 
~~~~~~~~ ~~~~~ ~‘r ~*

— 2’
• — .ø~.! 2 — I 2C 21) 50

In — 2 . ~ ~~~ 4 — 
20 hit

i v 1  ~~~~~~~~~~ 
—

r. .  IL — —
• !4~~ ~~ I — — —

V~J I V IIV — — — : —l — — —

1~. — i — I — —• 
X~~~~~— 9.0~~ ‘ 2C 20 5

X3 I —2L9 — 2li 21) 10

xiI I —‘.1.4 k  
~~ V ~ I ~—

Table 4. Long Term Average Monthly Temperatures of the Air and Water
in Pools and A ount of Precipitation in Darn Building Region

Key: (a) Period —— Month;(b) Air Temperature, degrees C.;
Cc) Water Temperature, degr ees C.;
Cd) Permanent Reservoir ;
(e) Catchvork Pool ;
(f) Depth of Snow Cover , centimeters ;
(g) On Upper Pool Side;
(is) Crest ;

• Ci) On Lover Pool Side.
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• Figure 2. Allocation of Sections with Different Boundary Conditions.

6. In all variations of calculating the darns stand empty
in the first winter after construction and freeze from all.
sides. The permanent pool fills by 15 May. An ice cover
one meter thick forms in November and lasts until Late
April. The catchwork darns hold water for one month a year ,
from 15 May to 15 June.

A hydrothermal model of the dams is shown in Figure 3. The division into
blocks was done to make the dimensions of the blocks minimal at points of

• abrupt temperature changes . The following scale relationships were adopt-
ed in modeling:

a) for variations 1—4 (Table 1):

• 
& 

I_
i ~~~4~g~5e.cm2 . C —3 280 ~~~~~~~~~~~~~~~~~~

• ~ r 2 gcal’ain 9’r ‘ degree.cm2 ‘ 
hr

-r hr 9 g~a1Vr
6’56° cm~~•

b) for variations 5—12 (Table 1):

A — I ~~~~~~Es! cm . ~~ _ L o 2 5 *~&~~. ~~~ — 2~~~~’~!.
P r 2 gcal.min ‘ ‘ cm’ ‘ hr cm— 512.5 ; — 2,05O~~~

where t — temperature in degrees;
— t ime of passage of thermal process , hours;
— time of passage of thermal process, hours;

H — thermal resistanc. between blocks, degree.hour/gcal;
Pr — hydraulic resistance, miss/cm2 ;
C — heat capacity, scat/degree;

— area of cross section of hydraulic vessel, cm2;
Q — quantity of heat, gcal;

— quantity of water, cm3;
hr — head, cm .
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Figure 3. Diagram of the Division into Blocks . Top (a)
is Storage Dam; Lower (b) is Catchvork Darn. *
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Figure 4. Temperature Fields in the Body and Foundation
of a Storage Dam at Dif f er ent Periods of Operation : a) End
of First Winter CApril) ; 6) Start of Second Winter (October) ;
B) Moment of Stabilization (October of 15th Year )

Key : (1) Normal Backvat~r L vel.
I

‘
I 

. 

_ V ~~~~~~

j

~~~~;. 

V V V



Finite difference charts and numerical methods of solving equations (12)
and (15) ware reviewed in (81 and thus will not be cited here . Only the
solution to equation (16) differs slightly.

The introduction of function 4~ (x, y. t) = $ ~ 
b,, WI )  d~ transforms

p .g7.,,nz 
• 

0

equation (16) to the following - V

c):~, ô-.ii - (17)

This equation should be solved for the boundary and intial conditions :

~~~O, 
~~~~ 

O~~ x <B; x—0, 0-’~y~~H;~
I -

(fl
OP ~~~~. ) ° “  (18)

4 ( x , y. ~) =~~ (x, y. 0),
where B is the width of the lower prism at the foundation; H is the ele-
vation of the lower prism; is is the normal relative to the surface; x ’,,,m~and y~~are the coordinates of the surface of the fictitious layer .

A numerical solution to equation C u )  was obtained by the finite dif-
ference method on the basis of a running count scheme (11]. This scheme
insures more rapid convergence than the simple integration used in (8].

The calcualtion algorithms were written as follows:

a) by lines (at moment (k—l)d t)
.4 (~~~ ~~~~ ÷ ~~‘~ * ~- F , • ~. 

(19)

wher e
(not legible on original)

(20)
+ ~—ç ~~~~~ —

b) by _col~~~s (at moment (k+llAt)
A V • ‘;: ~~ + ~~~~~~ ÷ F~j ’2j .  (21)

where 
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ f ,* , - ~
_ 

• I
‘ a j  • I a ) .J ~p .I.JI 1 I

- 
- (22)

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 
_ d~~~

1
~~1.

V In this case A — 1f’(1+~, -r ~‘~); ~ = x ’ ;
- — —~~~~~; 4 — mm (~y, Lx); D max (1) !. D~

where D1 and D2 represent the diameter of the domain along axes OX and OT
respectively; Ax andAy are steps along coordinates OX and OY; s is the
integration number.
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Figure 5. Temperature Fields in the Body and Foundation
of a Catchvork ~~~ at Different Periods of Operation. a)
End of the First Wintar (April) ; 6 ) Start of the Second
Winter (October) ; B) No.emt of Stabilization (October of
the Seventh Year) .
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For variations 1—4 one year of the thermal model can be reproduced in
5.3 minutes on the hydraulic model. It takes 17.1 ainutes for varia-
tions 5—12.

Results of calculat ions . Figures 4 and 5 present some of the tempera-
ture fields of dams and their foundations obtained from modeling. An
analysis of the solutions enables us to draw the following conclusions .

Storage dams. In the variation without a snow cover the freez ing of
a dam six meters high during the first winter , before the pool fills,
reaches four meters from the surface of the crest , but a talik is pre—
served at a depth of 4—8 meters (see Figure 4a). By the end of autumn
a layer of frozen ground remains 2—4 meters from the surface of the
crest in the central part of the darn profile (see Figure 4b). En the
second and third years of dam use the talik gradually diminishes and
in the fourth year it completely freezes. Stabilization of the temper-
ature regime of the darn comes in the l4th—lSth year (see Figure 4b).

The presence of a snow cover 0.2 meters thick increases the periods
of freezing and stabilization of the temperature regime by 2—3 years
(see Table 5).

Table 5. Time Required for Freezing and Stabilization of the Tempera-
ture Regime of Ground s in the Body and Foundation of Dams According to
Modeling Data

Typ. of Pool Height Completion of Process Freezing and Stabi—
of Dam lization Time, years
meters No Snow Snow Cover

Cover of 0.2 m
Permanent 6 Freezing of Grounds of 3—4 5—6

Darn Body
Stabilization of Tempera— 14—15 17—18

ture Regime
4 Freezing... 2—3 34
“ Stabilization... 7.4 8—9

T porary ,,
(Catchvork) ~~~~~~~~~V Stabilization... 6—7 7—8

Catchwork dams • The temperature fields of c~tchwork dams at the end of
the first winter, the start of the second winter , and in the established
regime indicate see Figure 5) that in the absence of a snow cover full
freezing of a dam four meters in height is completed in the second year
and stabilization of the temperature regime occurs in the 6th—7th year .

More detailed si ary data on the time of freezing and stabilizatio n of
the t~~~sra tur e regime of dams In different variations are given in
Table 5.
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