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The results of 3D simulation are compared, for the first time, with logged ground temperatures in perma-
frost which is stabilized by low-angle inclined thermosyphons beneath a hot oil tank at the Varandey oil field.
Temperature variations beneath the oil tank are predicted by stochastic analysis using the calculated heat loss
from the finned surface of thermosyphons. The estimated probability of finding unfrozen soil in presumably
frozen areas in the vicinities of two logged boreholes parallel and perpendicular to the tank bottom is about ~4 %.
The predicted temperature distribution agrees well with the measured data.
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INTRODUCTION

Permafrost beneath buildings and structures is
commonly stabilized with refrigeration systems based
on natural convection (two-phase thermosyphons).
The operation and performance of thermosyphons
have to be simulated appropriately to ensure the de-
signed stability.

We suggested a software [Anikin and Spasen-
nikova, 2013; Plotnikov et al., 2017] which was advan-
tageous over other existing codes as it could predict
the state of soil with regard to climate variability and
estimate the probability for frozen/unfrozen soil to
occur at an arbitrary point of the modeling domain.

The workability of the software has been checked
by comparing the results of 3D simulation and tem-
perature logging of thermally stabilized ground under

an oil tank (a vertical steel tank VST-1.4) at the
Varandey oil field [Anikin et al., 2011b].

The temperature distribution under an oil tank
can be predicted by the stochastic analysis using heat
loss data [Anikin et al., 2017a,b]. The calculation
methods were detailed in previous publications [ Ani-
kin et al., 2011a, 2013; Anikin and Spasennikova,
2012; Dolgikh et al., 2013, 2014, 2015; Melnikov et al.,
2014).

PROBLEM FORMULATION

The thermal stabilization system (Fig. 1) be-
neath the oil tank at the Varandey field was launched
in April 2006. The oil tank, which stores oil at 45 °C,
has inner and outer walls (inner and outer diameters
d,, =60.7 m and d,, = 66.07 m, respectively), with air
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Fig. 1. Geometry of modeling domain in three coordinate planes:

a: (y, 2); b: (x, y); ¢: (%, 2).
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between them to prevent lateral heat flux. The tank
stands on a hydrophobic layer which, in its turn, lies
over a layer of thermal insulator. The thicknesses and
thermal conductivities of the two layers are, respec-
tively, [, = 0.6 m and A, = 0.95 W/(m-°C); [, = 0.4 m
and %, = 0.041 W /(m-°C).

The field of ground temperatures is calculated
using the following derivation [Anikin et al., 2009,
2013; Anikin and Spasennikova, 2012; Dolgikh et al.,
2013, 2014]:

t(i, j, kyn+1)=1t(,j, kn)+
a(i, j,k)h. (t(i +1,7,k,n)+t(i-1,j,kn)— 2t(i,j,k,n))
+ +

by
a(i, j, k)b, (t(ig +1,k,n)+ (i —1,k,n) - 2t(i, j, k,n))
+ 3 +
hy
a(i,j, k)b, (¢(ig.k+1,m)+t(ij,k—1,m)—2¢(i, j,k,n))
+
h? ’

where t(i, ], k, n) is the ground temperature at the point
with the coordinates x;, y; and z at the time t,,.

The space and time coordinates in the modeling
domain are specified as

x, = ih,, 0<i<101, h,=0.1m,
y=jh,  0<j<1001,  J,=01m,
z, = kh,, 0<k<101, h,=1m,
1, =hn, h.=0.01 day,

where %, h, and h, are the space stepsizes along the x,
y and z axes, respectively; /_ is the time stepsize; i, j, &
are natural numbers that define the modeling grid. The
modeling domain is a 10 x 100 x 100 m prism.

The ground diffusivity at a grid node is

a(i, j,k) =
ag at t(l,],k,n)<tf _A’
0.5(A¢ +0
_ (A + ) at ¢, —A<t(i,jkn)<t; +A,
O'S(Cf —i_cuf)—i_l‘/2A
Ay at t(l,],k,n)>tf +A’

where a; and a,;are the diffusivities of frozen and un-
frozen ground, respectively; A;and A are the thermal
conductivities of frozen and unfrozen ground, respec-
tively; ¢, c,sare the volumetric heat capacities of frozen
and unfrozen ground, respectively; L is the latent heat
of the phase transition of a soil unit volume; A refers
to the phase transition temperature range in terms of
effective heat capacity.

The evaporator tubes (linear sources of cold)
cross the grid nodes. The interaction of the thermosy-
phon with ground and air is given by [Spasennikova,
2015]:

)
Uijp=""7—" hx = (ti, ete Tl joae — 2 ) +
y

hohh,

+h—(ti+1,j,k Flictjh 2, ),

X

Z Ui,j,k = Sconnef (tt _ta)(xy
i,jkeM

where M is the set of grid nodes crossed by a tube; S,
is the surface area of fins on the condenser; 1 is the
efficiency of fins; 7, is the thermosyphon temperature;
t,is the air temperature; A, is the thermal conductivite
of ground; a is the heat loss from the condenser. The
dot product of n o was found by comparing the results
of logging and prediction, and the best fit was obtained
for no = 4.36 + 7.160, where v is the wind speed.

The modeling domain has the second- and first-
kind boundary conditions on its sides and base (zero
heat flow and a temperature equal to the initial tem-
perature, respectively), and a third-kind boundary
condition on the top [Dolgikh et al., 2015]. Heat ex-
change across the modeling domain top is assumed to
be with the tank beneath the domain and with air in
the remaining part.

The climate data are according to records at the
Varandey weather station for mean monthly air tem-
perature, wind speed, and snow depth, and to Build-
ing Norms and Regulations (SP 131.13330.2012) for
mean monthly total solar radiation (Table 1).

Heat loss from the finned condenser was calcu-
lated for the period between 1 September 2007 and
30 April 2008, on an NCS-30T supercomputer at the
Siberian Supercomputing Center.

Temperatures were logged in a horizontal (trans-
versal) borehole parallel to the tank bottom (HTB)
and in a vertical borehole beneath the tank (IVB)
perpendicular to its bottom (Fig. 2). The logging re-
sults from the two holes are summarized in Tables 2
and 3, respectively. The respective calculated data are
listed in Tables 4 and 5.

Table 1. Mean monthly air temperatures,
wind speed, snow depth, and sun radiation
at Varandey weather station

Date t, °C v, m/s h, m R, W/m?
September 2007 6.7 6.4 0.01 137.5
October 2007 31 7.9 0.14 45.7
November 2007 =77 6.3 0.21 12.5
December 2007 -7.9 8.1 0.21 -
January 2008 -9.0 8.2 0.45 -
February 2008 —14.7 6.7 0.71 46.1
March 2008 -15.4 71 0.79 104.8
April 2008 -9.1 5.7 0.75 219.4

Note. t, = air temperatures; v = wind speed; s = snow
depth; R = solar radiation.
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Fig. 2. Location of two boreholes beneath the oil tank.

1 — vertical borehole outside oil tank area (OVB); 2 — cable of thermistors TC-10; 3 — protective wall; 4 — tank wall; 5 — tank bot-
tom; 6 — insulator; 7 — backfill; 8 — horizontal transversal borehole (HTB); 9 — stabilizer of ductile permafrost; 10 — central cable
of thermistors in vertical borehole inside oil tank area (IVB); 11 — azimuthal cable of thermistors in vertical borehole inside oil
tank.

Table 2. Measured ground temperatures (°C), HTB
Distance from center, m
Date Western side
-33 -30 -27 -24 -21 —-18 -15 -12 -9 -6 -3 0
25.01.2008 | —4.52 | =525 | -5.82 | -6.22 | -537 | -549 | -5.14 | -5.07 | —4.81 —4.54 | -5.09 | —4.85
05.02.2008 | —4.46 | —5.01 -554 | =594 | -516 | -524 | —498 | -490 | —-4.63 | —4.35 | —4.86 | —4.66
25.02.2008 | -7.70 | -858 | -877 | -9.15 | -817 | -874 | -7.44 | -7.66 | —-6.71 -6.19 | -6.73 | —-6.59
06.03.2008 | -9.35 | -9.97 | —10.24 | —10.77 | -9.78 | -10.29 | -892 | -9.21 -8.03 | =750 | -8.16 | -8.04
16.03.2008 | —10.25 | —10.78 | —11.02 | —11.43 | —10.43 | -10.94 | -9.71 -9.99 -8.88 -8.33 -9.07 -8.96
26.03.2008 | -9.75 | -9.75 | -10.31 | —-10.94 | -10.05 | -10.19 | -9.52 | -9.65 | -879 | -8.41 -9.15 | -9.00
05.04.2008 | -8.25 | -828 | -872 | -9.04 | -824 | -839 | -8.16 | -8.07 | =776 | -7.45 | -810 | -791
18.04.2008 | -8.79 | —-8.51 -868 | -9.25 | -838 | -850 | -785 | -8.03 | -732 | -7.12 =773 | =761
21.04.2008 | -8.26 | -795 | -814 | -862 | =790 | =788 | -7.50 | -7.65 | -7.00 | -6.86 | -7.43 | -7.26
Eastern side
0 3 6 9 12 15 18 21 24 27 30 33

25.01.2008 | —5.21 -5.66 | =552 | =558 | =507 | -538 | -5.78 | -6.05 | —-6.04 | =579 | -390 | -4.35
05.02.2008 | —4.97 | -536 | =528 | —-5.40 | —-4.99 | -528 | =554 | =576 | =572 | -5.45 | -3.72 | —-4.57
25.02.2008 | -7.17 | -8.47 | -7.88 | -8.01 -6.28 | -6.56 | -853 | -9.15 | -8.89 | -9.48 | -6.94 | -6.00
06.03.2008 | —-8.59 | —-9.88 | —-9.31 -934 | =738 | -7.65 | -9.79 | -10.56 | —10.30 | —10.80 | -8.10 | -7.15
16.03.2008 | —-9.51 | -10.78 | —10.19 | —10.19 | -8.18 -8.46 | —-10.54 | —11.31 | —11.09 | —11.58 | —-8.91 -9.53
26.03.2008 | -9.40 | -10.13 | -992 | -9.79 | -852 | -876 | -9.85 | —10.52 | —10.40 | —10.13 | —-8.03 | —-9.08
05.04.2008 | -8.26 | -872 | -863 | -858 | =793 | -8.16 | -855 | -883 | -877 | -843 | -6.31 -6.31
18.04.2008 | -8.07 | -868 | -840 | -838 | -7.50 | -7.66 | -837 | —8.82 -8.62 | -849 | -6.72 | -8.00
21.04.2008 | -7.70 | -8.15 | -8.00 | —-7.89 | -7.34 | -7.52 -795 | -835 | -818 | =789 | -6.16 | -6.78
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Table 3. Measured ground temperatures (°C), IVB
Depth, m
Date
1.2 1.7 2.2 2.7 3.2 4.2 52 6.2 7.2 8.2 9.2

25.01.2008 | -4.81 -5.02 —4.67 —4.64 —4.15 -3.65 -3.19 —-2.63 -2.55 -1.79 -1.22
05.02.2008 | —4.62 -4.80 -4.48 -4.50 -4.10 -3.65 -3.24 -2.70 -2.64 -1.86 -1.25
25.02.2008 | -6.62 -7.11 -6.67 -5.98 -4.97 -3.95 -3.35 -2.72 -2.65 -1.86 -1.29
06.03.2008 | -8.04 -8.35 -7.72 -6.87 -5.74 —4.43 -3.64 -2.89 -2.74 -1.90 -1.30
16.03.2008 | -8.92 -9.19 —8.45 —-7.52 -6.30 -4.90 —4.00 -3.13 -2.90 -1.96 -1.36
26.03.2008 | -8.93 -8.74 -7.90 —7.42 —6.54 -5.26 -4.33 -3.40 -3.09 -2.08 -1.36
05.04.2008 | -7.79 —7.82 —7.24 —6.88 —6.16 -5.30 —4.52 -3.62 -3.26 -2.19 -1.44
18.04.2008 | —7.66 -7.63 -7.05 -6.99 —6.45 -5.36 —4.55 -3.76 -3.39 -2.37 -1.40
21.04.2008 | -7.29 -7.28 —-6.76 -6.74 -6.27 -5.34 —-4.58 =3.77 -3.42 -2.37 —1.42

Table 4. Predicted ground temperatures (°C), HTB

Distance from center, m

Date
-33 -30 =27 -24 -21 -18 -15 -12 -9 -6 -3 0

25.01.2008 | —-1.53 | -5.60 | —4.94 | -4.79 | -478 | -4.78 | -4.78 | -4.78 | —4.78 | —4.78 | —-4.78 | —4.78
05.02.2008 | -2.30 | —-6.69 | —-6.02 | -5.87 | -5.86 | -5.86 | —-5.86 | -5.86 | -5.86 | —5.86 | —5.86 | —5.86
25.02.2008 | -3.66 | -884 | -837 | -822 | -822 | -822 | -822 | -822 | -822 | -822 | -822 | -8.22
06.03.2008 | —4.18 | -947 | -9.04 | -889 | -888 | 888 | -888 | —888 | -888 | -8.88 | -8.88 | —8.88
16.03.2008 | —4.70 | —10.01 | -9.59 | -9.44 | -9.43 | -9.43 | -943 | -943 | -943 | -943 | -943 | -943
26.03.2008 | -5.17 | -10.37 | =995 | -9.80 | -9.80 | -9.80 | -9.80 | -9.80 | -9.80 | -9.80 | -9.80 | -9.80
05.04.2008 | -5.42 | -993 | -9.55 | -9.39 | -938 | -938 | -9.38 | -9.38 | -9.38 | -9.38 | -9.38 | -9.38
18.04.2008 | —-5.43 | -859 | -8.07 | -784 | -783 | -783 | -783 | =783 | -783 | -783 | -7.83 | -7.83
21.04.2008 | —-5.43 | 835 | =797 | =753 | -7.52 | -752 | -7.52 | -7.52 | =752 | =752 | =752 | —7.52

3 6 9 12 15 18 21 24 27 30 33
25.01.2008 | —4.78 | —4.78 | —-4.78 | —4.78 | —4.78 | —4.78 | —4.79 | —494 —4.94 -5.60 | —1.53
05.02.2008 | —5.86 | -5.86 | —-5.86 | -5.86 | —5.86 | —5.86 | —5.87 | —6.022 -6.02 -6.69 | -2.30
25.02.2008 | —8.22 -8.22 | -8.22 -8.22 | -8.22 -8.22 | =822 | -8.374 -8.37 -8.84 | -3.66
06.03.2008 | —-8.88 | —-8.88 | -888 | —-8.88 | —-888 | -8.88 | -8.89 | -9.037 -9.04 -9.47 | -4.18
16.03.2008 | -9.43 | -9.43 | -9.43 | -9.43 | -9.43 | -9.43 | -9.44 | -9.59 -9.59 -10.01 | —-4.70
26.03.2008 | —9.80 -9.80 -9.80 -9.80 -9.80 -9.80 -9.80 | —-9.949 -9.95 -10.37 | -5.17
05.04.2008 | —9.38 -9.38 -9.38 -9.38 -9.38 -9.38 -9.39 | -9.552 -9.55 -9.93 —5.42
18.04.2008 | -7.83 | -7.83 | -7.83 | =783 | =783 | -7.83 | -7.84 | -8.067 -8.07 -8.59 | —-5.43
21.04.2008 | —7.52 -7.52 | -7.52 -7.52 | =752 -7.52 | =753 | -7.77 =7.77 -8.35 | —543
Table 5. Predicted ground temperatures (°C), IVB

Depth, m
Date
1.2 1.7 2.2 2.7 3.2 4.2 52 6.2 7.2 8.2 9.2

25.01.2008 | -4.78 -5.61 -5.31 —4.68 —4.11 -3.62 -2.87 -2.36 -2.01 -1.78 -1.61
05.02.2008 | —5.86 -7.30 -6.37 -5.16 -4.37 -3.82 -3.02 —2.47 -2.09 -1.82 -1.64
25.02.2008 | -8.22 -9.22 -8.28 —-6.88 -5.69 —-4.75 —-3.46 -2.71 -2.24 -1.92 -1.69
06.03.2008 | —8.88 -9.87 —-8.87 —7.42 -6.18 -5.18 -3.74 -2.87 -2.32 -1.97 -1.72
16.03.2008 | -9.43 | -10.33 | -9.38 —-7.96 -6.70 -5.64 -4.07 -3.07 —2.44 -2.04 -1.76
26.03.2008 | -9.79 | -10.64 | -9.74 -8.38 -7.13 —-6.06 —4.40 -3.29 -2.58 -2.11 -1.80
05.04.2008 | -9.38 -9.70 -9.36 -8.51 —~7.45 —6.42 —4.71 -3.52 -2.78 -2.20 -1.85
18.04.2008 | -7.83 -8.21 -8.17 -7.81 -7.22 -6.50 -5.03 -3.81 -2.93 -2.33 -1.92
21.04.2008 | -7.52 -7.93 -7.95 -7.65 -7.13 —-6.48 -5.07 -3.87 -2.98 -2.37 -1.94
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Fig. 3. Predicted (7) and measured (2) ground temperatures on 06.03.2008.

a: for HTB; b: for IVB.

The predicted ground temperatures show good
agreement with calculations (Fig. 3).

The accuracy (rms error) of temperature mea-
surements was estimated as

where ¢/ is the calculated temperature at the i-th log-
ger; ¢/ is the measured temperature at the i-th logger
(Tables 2-5); Nis the total number of loggers used for
calculations.

For the segments of the horizontal borehole,
where the predicted temperature remains invariable,
the rms error is

2
(4 -1F)

% N

where M is the set of loggers within the segment of
invariable temperature.

)

Table 6. rms error 6, ,, o5 for HTB and oy
for IVB on different dates of 2008

c o, oy, °C
Date

°C HTB IVB
25.01.2008 0.664 0.409 1.155 0.376
05.02.2008 0.848 0.409 1.216 1.075
25.02.2008 1.421 1.094 1.972 1.044
06.03.2008 1.083 1.083 1.656 0.731
16.03.2008 1.104 1.032 1.656 0.731
26.03.2008 0.726 0.715 1.502 0.971
05.04.2008 1.196 0.409 1.482 1.242
18.04.2008 0.623 1.083 1.114 0.679
21.04.2008 0.491 0.460 0.910 0.720

38

It is also interesting to estimate the rms error of
experimentally measured temperatures (c,):

The calculations are of high accuracy: the rms er-
rors are mostly within 1 °C for the vertical borehole
and for the segment of invariable temperature in the
horizontal borehole though 1.5 °C within the seg-
ments of temperature variations (see summed oy, G,
and o values for different dates in Table 6).

Probabilistic analysis of temperatures

The state of ground at different scenarios of cli-
mate change and the probability for finding unfrozen
soil at arbitrary points were estimated using probabi-
listic prediction with the stochastic analysis. The
probabilities for air temperature and wind speed were
evaluated for each month with reference to data from
the Varandey weather station (Table 7). The deriva-
tion was detailed by Dolgikh et al. [2015].

The probability for air temperatures fits the log-
normal distribution [Melnikov et al., 2014]:

exp(—(t —t_)2/2c52 )dt
V2no ’

where ¢ is the air temperature, °C;  is its mathemati-

w(t) =

cal expectation; o =4/D, isits rms deviation; D is its
variance.

The probability for wind speed fits quite well the
gamma law [ Melnikoo et al., 2014):

ka

r(p,)

w(v)= ot exp(-—1,0)db,
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Table 7. Parameters of distribution for each month

Ilrjlirti; January |February| March | April May June July | August |September| October | November | December

t,°C | —14.78 | —189 | —13.0 | -7.13 | —1.55 6.07 10.72 9.16 6.47 1.53 -7.83 -11.03

o, C 718 8.8 6.93 6.61 5.09 5.9 4.6 3.0 3.16 3.49 7.7 9.02

B, 3.04 3.07 273 3.79 4.0 3.57 3.86 4.94 3.4 5.03 273 4.73

Ay 0.47 0.48 0.48 0.67 0.72 0.67 0.66 0.82 0.6 0.74 0.52 0.62

Table 8. Variations along x aixs (x;) Table 9. Variations along y aixs (y;)

and probability (W) for finding unfrozen soil along and probability (Wm;) for finding unfrozen soil along
IVB line HTB line

J X, m Wcj, % i Y, m Wm;, % i Y, m Wm;, %
0 0.7 3.9 0 17 98.8 12 53 4.2
1 1.2 1.2 1 20 0.27 13 56 4.2
2 1.7 0.44 2 23 3.1 14 59 4.2
3 2.2 0.16 3 26 3.9 15 62 4.2
4 2.7 0.06 4 29 4.1 16 65 4.2
5 3.2 0.02 5 32 4.1 17 68 4.1
6 4.2 0.002 6 35 4.2 18 71 4.1
7 5.2 0 7 38 4.2 19 74 3.9
8 6.2 0 8 41 4.2 20 77 3.1
9 7.2 0 9 44 4.2 21 80 0.27
10 8.2 0 10 47 4.2 22 83 98.8
1 9.2 0 11 50 4.2

No te: for latest August of eighth year.

where vis the wind speed; I'(B,)) is the gamma function,
B, and A, are related with the mathematical expecta-
tions for the wind speed v and its variance D, as:

b B Gl
7\2
[ 0

The generation of 47 x 8 air temperature and
wind speed values using a Mathcad-14 random num-

[ v
A =—, =—.
v D, P, D

[

t,°C a

_8 T T T T 1
0 2 4 6 8 10

X, m

No te: for latest August of eighth year.

ber generator (Table 7) yields 47 eight years-long sce-
narios of time-dependent changes in these parame-
ters. The 3D temperature field of latest August is ob-
tained by calculations for a period from September 1
to August 31 of the eighth year for each scenario.
The snow depth and solar radiation are assumed
to be the same through all months. With these data,
temperature values were calculated along a line coin-

b

y,m

Fig. 4. Ground temperature variations on latest August of the eighth year of calculations.

a: IVB line; b: HTB line; 7 — warmest scenario; 2 — coldest scenario; 3 — closest to arithmetic mean over all considered scenarios;

4 — arithmetic mean over all considered scenarios.
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Fig. 5. Temperature field on latest August of the eighth year of calculations, for scenarios in the y = 50 m
plane that crosses the tank center parallel to the evaporator tubes.

a: warmest scenario; b: coldest scenario; ¢: closest to average over random trajectories along IVB line; d: closest to average over

random trajectories along HTB line.

ciding with the TVB axis from the obtained forty
seven 3D temperature fields for latest August of the
eighth modeling year, at the locations of temperature
loggers: x = x; (0 <j < 11),y = 50 m, z = 50 m (see
Table 8 for x; values).

In the same way, temperatures were calculated
along a line coinciding with HTB at the locations of
the loggers:x=0.7m, y =y,; (0 <i<22),z=>50m (see
Table 9 for y; values).

The probability of finding unfrozen soil along the
lines TVB and HTB in the end of August of the eighth
year was estimated assuming lognormal distribution
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of ground temperatures. With this assumption, the
probability for >0 °C temperatures to occur at the
Jj-th point along the IVB line is

wexp(—(t—gj )2

We. =100 %- —
j ==

where ¢ ; is the mathematical expectation for ground

—2
2cc¢;

jdt, (1)

temperature at the j-th point along the IVB line and

oc; is the rms error of this temperature.
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The probability for the temperature >0 °C to
occur along the HTB line is
—
2omi )
dt

o exp(—(t —%i )2
omi2n ’

Wm; =100 %-
0
where ¢m; is the mathematical expectation for ground

(2)

temperature at the i-th point along HTB; om; is the
rms error of this temperature. Both probabilities are
in percent.

The calculations confirm the reliability of the re-
frigeration system: according to the Wc; (Table 8) and
Wm; (Table 9) values found with equations (1) and
(2), unfrozen soil may occur at the depth 0.7 m below
the insulator layer, along HTB, to a probability of
~4 %.

Figure 4 shows the variations of ground tempera-
ture along IVB on the x axis for the coldest and
warmest scenarios; the arithmetic mean over all con-
sidered scenarios; and the scenario which is the clos-
est to the arithmetic mean (@) and the respective pa-
rameters for the line HTB along the y axis (b).

Note that the scenario closest to the temperature
averaged over all scenarios is the Stefan solution,
while the temperature itself is not. As follows from
Fig. 4, this scenario can be considered as average over
the statistical sample of random trajectories.

The temperature fields in the plane y = 50 m are
shown in Fig. 5 for each scenario.

CONCLUSIONS

The reported comparison of probabilistic predic-
tions with temperature logging data has demonstrat-
ed good agreement, i.e., the prediction method we
suggested [Anikin et al., 2011a, 2013; Dolgikh et al.,
2013, 2014, 2015; Melnikov et al., 2014] is applicable
to stochastic analysis.

The refrigeration system beneath the oil tank at
the Varandey oil field ensures reliable thermal stabili-
zation of permafrost: the probability of finding unfro-
zen soil beneath the tank is within 4.2 %.

The study was carried out as part of Basic Re-
search Program of the Russian Academy of Sciences
(Project IX.135.2.4). Data processing on the NCS-30T
supercomputer at the Siberian Supercomputing Center
was supported by grant 18-38-00068 mol_a from the
Russian Foundation for Basic Research.
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