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CALCULATION OF GROUND THAWING ALLOWING FOR WATER SEEPAGE

Stroitel'stvo v Rayonakh Vostochnoy Sibiri G, M, Fel'dman
i Kraynego Severa (Construction in Reglons

of Eastern Siberia and Far North), Collec,

12, Krasnoyarsk, 1969, pp 131-.144

As is known, the nature of the heat exchange of the filtration flow
with frozen soil depends significantly on the filtering properties of this
soil in a frogen state [l]. We should differentiate two possible cases:
the soil pores are filled with ice or not (open pores),

Open Pores (Fig, 1), On the soll surface, there is maintained a layer
of water H with temperature T;, The y-axlis ils directed downward; the origin

of coordinates Is on the soil surface, Up to the time 7 , the frozen soil
has thawed to depth {. The filtration factor and the porosity of thawed
soil (0~ )= %) is signified by K;p; m;, while that of frozen soil is

Indicated by ( % - y < o) = kp; my.

At the time moment ] , the water has seeped to depth b A Let us assume

that during the filtration of water, in the frozen soils. the plugging of
pores will not occur, Let us further assume that at each time moment 7,
the temperature distribution Iin the thawed ground corresponds to the estab-
lished state, Moreover, the velocity v of water's velocity will depend orly
on time,

The determination of function E«- £ ( 7) reduces to a solution of the
system of equations for heat conductivity and filtration:
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Flgure 1,

The boundary conditions of the probieml
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where /IT « the heat conductance coefficient of thawed soll, kcal/m,hroC;

C -y = heat capacity and volumetric welght of water; v = velocity of water
mdvement, m/hr; and t = soll temperature, °C,

A solution to this system of equatlions for y ; vyt §.aa a function of

7 does not appear possible, However, with an adequate degree of approxl-
mation, we can recommend the following procedure for determining { = £ (7).

The solution to Eq, (1) has the form:
t = E" (p'a |) t (5)

The solution of Eq, (2) at ? = const has the form [27s

) Ity = Bh V= J(w T (6

where A = (KZIKI 1) HiINs

If we assume that K; = Kj; moem, Eq. (6) will acquire a simpler

form [2];
H+Yo),
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Substituting Eq, (5) Into the Stefan condition (4), we derive
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After integration of this expresaion, we derive:
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Asslgning the time value @1, based on Eq, (7), we find the corresponding

values for yo and vl. Then substituting the ?I and vl-values into Eq, (8),
we find the value,

This method of calculating §,9111 be sufficlently accurate because:

3 d dy,
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For the following time value ?2, the values of y_ 20 Y will be found with Eq,
(6), substituting into this formula /= 72,¥ - El. Furrher, subeclituting /=
= 23 and v = v, Into (8) or (9), we find the value for {2, and so forth,
At Iv é,((l - 3, Eq, (8) can be written:
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Closed Pores, In a case of closed pores, the necessity originates of
calculating the conduct of heat exchange between the filtration flow and the
subjacent permafrost soils (Fig, 2).
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Figure 2,

We place the origin of coordinates on the soil surface, The positive
y-axis 1s directed downward, On the soil surface, temperature t = Eoe At
time moment 7, the depth of thawing £ ; at this depth, t = 0, The direction

of filtration flow is along the X-axis, The original water temperature at
X = 0 equala t = €.

A similar problem has been solved by V, G, Gol'dtmar [l] for determine
ing the effective heat conductivity factor J—ef (in the direction of the Y-
axis) and also the thawing depth of frozen ground:

alt 2t. ogyey
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t(3.7)=0
As 18 evident from the diagram (10), in a calculation of the conductive heat
exchange, we incorrectly assigned the boundary condition at the upper surface
of filtration flow.- 0t/ )y g - 0. In reality, on the upper surface of
filtration flow, we should not assume the absence of a heat flow but a quite

definite temperature value t = ty equalling the soil temperature under natural
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conditions at the occurrence denth of the (lltration flow's upper surface
(in Fig, 2, y = 0), In addition, we did not take into account the conductlve
transport of heat along the filtration flow, A more precise mathematical
formulation of the stipulated problem has the forms
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where v = velocity of water movement, m/hri

Aef = effective heat conductivity factor in direction of y-axis;

c and | = heat capacity and volumetric welight of water, respectively,
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Figure 3,

A solution to the problem has the forms
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Let us determine the heat flow at the lower boundary y = E,a

al 1=3_3#Lt.1,.3_l.'+“t.) [ |) i\‘n. \P':’i_":fl-t] (13)
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The value of the sumi

where -

is represented in Fig, 3, As is obvious from the figure, the value for the
sum can be represented in the form:
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where the constants A, B and C are selected on the basla)of the curve (Fig,
3) in the known range of variations in criterion V;;ej%ig « If the water is
i v

filtered by the complete section through a soll layer which hes thawed, the
velocity of water's movement equals:

Q
L. at,sl, (15)

where ) = output of water, kg/hour; L = width of flow, m; and t, = soil

touperature on surface, °C, 1If the upper surface of flltration flow occurs
at depth l from the day surface, it follows that:
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The effective heat conductivity factor according to V, G, Gol'dtman consti-
tutes a function of velocity:s

= .
A= WD iR (17)
where A = heat conductivity factor of water-saturated thawed coarse-.gralned
soll; D = coefficient of heat dispersion, According to V, G, Gol-<dtman, for

the Magadan region, D = 7, Let us analyze the case of a complete section,
Substituting (14), (15) and (17) into (13), we derive:

‘ (A+L[q ¥ t +2t[ exp(- B“r1”=—£)+C]} (18)

Let us formulate the Stefan equation at the boundary of phase transitions:
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where G » heat_of phase transitions kcallk2; and W = volumetric iciness of
frogen soil, k“/m3, Dividing the varlables, we derive:

e " v.d¥ -
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Substituting the "a" value into (20), ue gets
S S(l )t,+2t Aexp[ _.’.JLg‘?.i JTQ‘\ (20)

For the low x-valuen, the funcc!on %- &(xl 7) can be determined by a numer-
ical integration of Eq, (20), For the high values, Eq, (20) will assume the
forms
t,© %t ¥.d¥
GW

5 A‘Lfv

(21)

After integration and transformations, we obtain the following expres-
sion for estimating the thawing depth at high X-values:

Xl DG_:_.‘__[E’
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The system (10) can be utilized for estimating the thawing rate of two
lateral sides of a vertical tallk crevice in which a filtration flow will
move, or the base and top of a water-bearing layer bounded by frozen layers,
The mathematical formulation of such a problem has the form:

2ty 20t S
Aawgvl AE?* o E 'Qll

« 3%0; y=t@: E= 0 (23)
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Moreover, in the given case t,is half of the thawed layer, M, We match the
origin of coordinates with the middle of the thawed soll layer, The solu-
tion of problem (23) has the forms

t= ty ‘( co) 8 Y)o\r{[(ﬂ’;:)i %;%53 (24)

where &l - (2n-1) M /2; n=1, 2, 3,,.. We determine the heat flow at the
boundary of phase transitions:

4] 2t ezr[[lnv (s DBl ]J} 25)

Now let us solve a similar problem under the condition that we disregard the
conductive heat transfer in the direction of the main filtration flow (X-axis)

as compared with the convective flow in this same direction,
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Then

where 2 E = depth of thawed soil layer, m, The solutlion to the problem has
the forms

: £ x
cos (é“')erex [ ki ]
tt (2n~dr ') °I. P Vet (26)
Let us determine the heat flow at the boundary of the phase transitions

q9 “2A;¢t|'!- -EJP[ a—(—Z"‘J_’;l ] (27)
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Let us formulate the Stefan condition for estimating the thawing rate of
frozen grounds

QA’E's-'L:JP[ a 2‘:\1/);&] S0 j;

The velocity of water movements

(23)

Q .
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By analogy with (17), the coefficient of effective heat conductivity ,l has
the form:
= wa—*—"'—'
Ag 2Lye’ (30)
Coefficlient "a"
_2ALY¥+Da
2Ly te (1)
Substituting (?9) (31) into (28), after transformation, we derives
v-de
°“' f T (202 QALYF+DQ) (32)
e e e~ yaycyr %
where 2 ¥, = initial soil depth, m,

The estimation of the depth of thawed
soll 2 k can be conducted by a numerical integration of Eq, (32),

On a calculation of aclicular hydro-thawing, The mathematical formula-
tion of the problem has the formi

31‘. 't _vey 3t |
X=0; '1<? t-tn | (33)
Oc_xl.h 7"? t~o /
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The following notations have been adopteds h = depth of needle's submergence,
m} tl = Initial water temperature; v = veloclty of water flow, m/hr; a =

A eflc Y ¢© and / = heat capacity and weight of water by volum2; ? = radius,
m; | = radius of halo of soll's thawing around needle, m; /ip = effective co-

efficlent of heat conductivity, kcal/m,hr, °C; and 1 @ heat conductivity co-
efficlent of water-saturated thawed ground, kcal/m,hr, °C,
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Flgure 4,

The solution of problem (33) has the form:

A5 2 Ty Dlespq| LEAre ] /( Ve P Lol 0
vhere fu = roots of equation Jo (h) = 0,

M, =2 405; A1, =B,0>4; Ang=11,8; He=14,0;
Fo =18,1; Ay =21,2; A=24,35; Ay=5,52.
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-I,‘F)duj )= the Bessel functions of the first type, of zeroth and first
orders, respectively, We determine velocity v at assigned output Q kg/hri

ve /1 g2y (35)
We then find: g
A 5 ¥ eraDC
”‘I"r-_ﬁ'f?'-' __L_LT___’.;. ¥LC (36)

We find the value for the heat flow to the boundary of phase transitions
(with conllderat:lon of "E ES) and (36))

ZP[E{%;;‘(l&XT;—i
~\/ T YA A

Let us examine a cdase wnen the vnlue of conductive heat flow along the X.axlis
can be disregarded, Then Eqs, (34) and (37) will acquire a simpler form:

(37)

t=t,§_)%jml(ﬁa%)‘-’”[ A (38)
‘LL, at‘(“nfi)Z’ '[, 5 -"] (39)

The value of the sum iexp[. .'.lg.&u_] depending on parameter v ) ax/Q has been

presented in Fig, 4, As is apparent from the figure, in a fixed range of
variation in parameter ﬁraxlq, the sum's value can be presented in the forms

%Ja
Zelp [ __.L b‘ .‘uAQIP[‘ %L:!']fc, (30)
. 1=l
where A, B and C = parameters of the curve (see Fig, &), Substituting (36)
and (40) into (39), we obtaini
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Let us write the Stefan equation for estimating the thawing halo of frozen
ground around a needle t,(xl,’l)l

otitfy, 2Q [ & (AYs ¥ ‘T‘Q)\(]p[\wwdj (42)
(‘*p")[‘ ) Qycy? Johaq
Separating the vnrlablea, we get the following equation:

zt'r J“ ¢.d¥€

22,) {Ae!p[ B_@ Iﬁr‘:’.:i%illg xj:c} (43)

vhere 7hr = needle's radius, m, If we assume a = a..r i.e, adopt the average
value of the conventional temperature conductivity factor for the entire period
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of hydro-thawing, Eq, (43) wiil assume the form:

4 :
%%[Ae'ﬁ%w+qf.-[:%4_f_ | (44)

/s )’!1pf

Integrating Eq, (44), we get the following expression for determining the
thawing halo of the soil around a needles

BFfCep X
#Atl[ e dr, L ] Q@ P A)f5T+PQ (45)
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