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When solidified high-level wastes from reprocessing are
deposited in a geclogic formation,_the heat released from these
wastes will result in temperature increase throughout the
geologic formation. To estimate the temperature distribution
in the peripheral geologic formation, the computer code, "HOT"
has been developed. | "HOTF is designed to compute the temperature
distribution in complex formation as a problem of steady~state
and/or transient heat transfer in three-dimensional Cartesian
coordinates using the finite difference method.

The area of the calculation by this code is such a rectangular
prism as 1000 m x 1000 m x 5000 m, which consists of several kinds

of materials. The characteristics of BOT-code are as follows;

It is possible that the near site calculation is carried out
using the result of the far site calculation which has already
been run as a boundary condition.

This code is written in FORTRAN-IV, and can be used by FACOM-

M200 computer.
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1. Introduction

Code for computing temperature distribution in geologic
formation around high-level waste repository,"HOT" has been
developed for the assessment of a geological barrier for a
repository.

As the disposal of solidified high-level wéstes, the
geological isolation is one of the most promissive options.
Therefore, in the world the research on geological isolation
has been carried out under the conditions of each country.

In Japan, since several years ago, the guide-line for the
disposal of high-level waste products has been shown [1].

Several trials were reported on the estimation of tempera-
ture distribution as assessment of a geological bafrier[Z][3][4]
[5], however, it was difficult to evaluate the thermal impact
from the wastes both to the near site and far site with complex
formation. HOT-code has been developed to estimate the tempera-
ture distribution of near site and far site with complex formation.

In this report, this specific computer code "HOT" is described.
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2. Equations for HOT-code

HOT-code has been delived by the following procedures.

2.1 Fundamental equation

Heat flow in an isotropic solid is governed'by the following

differential equation on heat flow expressed in rectangular

. . [12]
Cartesian coordinates :

8T _ 0 3T, , 9 8T, , 3 aT _
in @ (Q:[ax,bxlx[ay,by]x[az,bz])
where symbols are as follows: T; the temperature, t; the time,

p; the density, Cp; the specific heat at constant pressure, k;
the thermal conductivity, g; the heat generation per unit time
and unit volume, a,b; the coordinates of initial and final points,

X,y,2; the distances along the axes of the coordinate system.

Boundary conditions

a) Prescribed surface temperature

The temperature on the boundary surface is given as a function

of time, or position, cor both. That is,
T = Tb(x,y,z,t) on 3 e (2-2)
Where 80 means the boundary surface of {.
b) No flux across the boundary surface
Adiabatic condition is given on the boundary surface. That
is,
3T _
“53 = ( on 4 * e (2-3)

where 3/9n represents the partial derivative of T with respect to

the direction normal to the boundary surface.

Initial conditions
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a) The temperature throughout the region is prescribed as a

function of position, that is,

T = Ti(x,y,z) e.. (2-4)
where the subscript i means initial wvalues.
b) The steady solution is used as the initial temperature.

2.2 Numerical method

The numerical method for the solution of the problem are

derived from eq's (2-1) - (2-4) on the following assumption.
Assumption
a) The finit difference method is used in three dimensional

rectangular Cartesian coordinates.

b) ‘The thermal properties of solid,p, Cp and k,vary with
temperature.

c) The heat generation,q, varies with time.

d) The surface temperature given as a boundary condition

varies with time and position.

(1) Steady state calculation

Assuming point "N" in relative to M adjacent points (N1 -
N6 in Fig.l) from the heat balance, the rate of thermal conduction
from point "N" must be equal to the rate of heat generation at

the same point in steady-state heat conduction. That is,

M :
i NKi(Ti - TN) + QN =0 (for all N) ... (2-5)

i=1

i", K. is the guantity of

where T, is the temperature at point ey
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heat between point "i" and point "N",

k is the thermal conductivity between N and i, A, is the heat
conduction area, Ax is the distance between N and i, QN is the

heat generation at point "N",

dy is the heat generation rates per unit volume, VN is the volume
of ncde N, TN(for all N) satisfying eq.(2-3) can be obtained by
the repetitive method, that is, the following two equations must
be satisfied in regard to Ty.

M

n _ -

iil Ky (T3 ~ T t Qg =€ caa (2 §)

(e £ 107°)
M
n+i n, _ _

iil NKi(TN - TN) = g e (2-7)
Where Tﬁ corresponds to the temperature at point "N" for the n—-th
iteration. From eq's(2-6), (2-7), eq.(2-8) is obtained.

(Tn+l - ) % K., = ? K. (T. - TH) + O (2-8)

N NS NTE T DN N N

The over-relaxation factor,B is introduced to accelerating the

convergence, ed.(2-8) becones the following equation.

M
B(.Z K.T. + Q)
n+l _ n _ i=1l N 171 N _
TN = TN(l gy + ™ e.. (2-9)
ik w1

(1 £p<2)

In eqg.(2-9) B must be used the optimum value at each point,
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however, it is imposible to obtain B analytically. Therefore

we have empiricaly used 1.9 as f-valuel[6]l. In eq.(2-9), Ti=T?

. -+ . . . .
%f i>N and Ti=T2 1 if i<N. We relterate eq.(2-9) until the

following equation (2-10) is satisfied.

n n+l
v = Ty
n+1l

Ty

A

£ ... {(2-10)

Where £ is 10-5.

If the thermal conductivity is dependent on temperature, the
appropriate value for the specified temperature is determined by

linear interpoclation between two points, N and 1i.

(2) Transient calculation

In the same manner of steady state calculation, the follow-
ing equation is formed for an arbitrary point "N".

M ATN
iElNKi[Ti(t) - TN(t)] + QN(t) = CNEE_ v (2-11)

Where QN(t) is the heat generation at point "N", Cg is the heat
capacity at point "N" (CN=pCpVN), At is the time step and ATN=
TN(t+At) - TN(t).

Then from eqg.(2-11) and the above equation for AT, eg. (2-12) is
obtained.

: M
_ At -
TN(t+At) = TN(t) + EE[iilNKi{Ti(t) TN(t)} + QN(t)]

ce. (2-12)
Where At has to satisfy the following equation (2-13) for
maintaining stability. That is,

C

N

i£] §&3

A

At .. (2-13)
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Finally the problem of transient calculation is solved by use
of eq's (2-12) and (2-13).

But this method reguire a large amount of computer time
according to the calculation. Hence, for transient calculations,
a modified explicit method([6][7] is incorporated into the program
as an option which allows the use of an arbitrary time increment
while maintaining stability. Tts solution is étated briefly.

Now eq.(2-12) is rewritten as follows:

M

_ 1 At _
TN(t+At) = TN(t) + I?E"[E—{E NKi(Ti(t) TN(t)) + Q(t)}
N "N i=1
+ T {T () = Tt - At) }] ... (2-14)
where 7z.= a factor for point N which will insure a stable

solution for any time step At,
T {t)= current temperature at point N,
TN(t+At)= temperature at point N one time step later,
TN(t—At)= temperature at peint N one time step earlier.
If from eq.(2-13), (Atmax.)N is the maximum time step allow-
ed at point N for a stable solution in the regular explicit
method, then the factor Z, in eq.(2-14) is given as eq.{(2-15)

and eq.(2-16) for each condition.

z. =0, if ———— < 1 ... (2-15)

At) 11, if At) > 1 ...(2-16)
max.' N max. N
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(3) Interpolation method of initial conditions and the

boundary conditions

When a near site calculation is done, the temperature
distribution which has been obtained by far site calculation is
used as the boundary conditions. These boundary temperatures
are decided by using two dimensional interpolation in x-y plane
and one dimensional interpolation in z direction. This is
illustrated in Fig.2. The origin is taken at the center of
rectangular prism and the rectangular coordinate axis (&,n,Z) is
considered. Assuming the temperature and position of each
vertex of the rectangular prism as shown in Fig.2, the temperature,
T at arbitrary point (&,n,z) in the rectangular prism is
calculated as follows.

Now let the temperatures at the feet of the perpendiculars
from T to the plane T _T_T_.T. and the plane TETFTGTH be Tl'TZ’

ATBCD

respectively. Then Tl and'T2 are

Tl=7-:;4L--[ (1-€) (1-n) T+ (1+E) (1-n) Tg+(1+E) (140} T,
+(l"€)(l+ﬂ)TD] c. . (2-17)
and
T,=—3—[(L=E) (1-n) T+ (14E) (1-n) Tp+(14E) (1+n) T
+(1-8) (L4n3Ty ... (2-18)
Hence, finally we get
T = [(1-0) T +(140) T, ]
=51 (1=0) {(1-8) (1-n) T, + (14£) (1-n) T+ (148) (14n) T
+(1-8) (L4n) Tp} + (142) § (1=8) (1=n) T+ (148) (1-n) Ty,
+(1+€) (14N) T+ (1-E) (14n) Ty} ] ... (2-19)
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3. Computer code
3.1 Formation of HOT-code

The flow sheet of HOT-code is shown in Fig. 3. This code
is formed from a main program (FTMAIN) as the control code for
HOT and twentynine subroutines. The formation'of this code
and the functions of these subroutines are shown in Fig.4.

HOT-code has been stored on a disk at the Computing Center
at JAERI and is now avilable to users by FACOM-M200 computer in
JAERT. A name of the file is as follows.

//EXEC LMGO,LM='J2993.HOTEA"
3.2 Drawing up isotherms and time dependent graphs

GPCP-I[8], which is a provided program for drawing up a
contour line, is used for drawing up isotherms at a designated
plane and time.

VOLTES-5, which is a program for expressing some time
dependent values in a graph, is used for drawing up time depéndent
graphs at the designated points. This program has been stored
on a disk at the Computing Center at JAERI and is now available
to users. The file name of this program is as follows.

//EXEC LMGO,LM="'J2993.VOLTES'
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3.3 Files for HOT-code

In this code, five flleg, FOl’ FOZ' FlO’ F20, F30 are

used as follows.

FOl : File for output of the fimal computing temperatures.
Foy @ File for input of the initial temperatures.

on : File for drawing the isotherms.

F30 : File for drawing the time dependent graphs.

FlO : File for drawing the time dependent graphs. ( This

is a scrach file.}

Fig.5 illustrates the relation of these files used in

HOT~code.
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4. Input and output

4.1 Input formats

The summary of input data of this code is described in this
section. First the geometrical appearance of the formation is
represented with a lattice of points. The phyéical propefties
of materials are input as functions of time or temperature.
Initial and boundary conditions are decided. Finaly, the output
option of the final temperature distribution is set. Summary

and formats of these input data are shown in Table 1-1 - Table 1-6.

4,2 Qutput formats

First, HOT-code prints out the input data, that is, the
geometrical appearance of formation, the kinds and the physical
properties of materials, and so on. Then, the final temperature
distribution is printed for steady-state condition, and the
temperatures.are presented as a function of time for transient
calculations. If the plotter option is desired, the isotherms

or the graphs of time dependent temperature can be drawn up.
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5. Sample calculations

As sample calculations using HOT-code, the procedure and
the results of the computing femperature distributions in geo-
logic formation around high-level waste repository are described
in this chapter. Sample calculation 1 is a far site calculation
in a large area and sample calculation 2 is a neér site calculation
in a small area contained within the area of sample calculation 1.
In these sample calculations, the arrangement of vitrified products
(30 cm¢ x 300 cmL) shown in Fig.6 is used. Assuming 4 canisters

are put into one pit, total of canisters become 148.

[Sample calculation 1]

The transient temperature distribution is calculated in an
area of rectangular prism, 900 m x 900 m x 1050 m as in Fig.7.
The conditions of the calculation are as follows:

Regicon I consists of material No.l (surface soil); region II
consists of material No.2 (shale); and regions III to VIII consist
of material No.3 (granite} . The physical properties of these
materials are given in Table 2 ([2][31([9]1[10].

There.is.a uniform heat generation in region V as in the
shadowed portion at the rate of 1.0963 x 1077 x g(t) W/m3 (L%ﬁ X
Téﬁgx g(t) ), where g(t) is time dependent heat generation per
one vitrified product given in Table 3 [21[3]1[11]. The initial

temperature as in Fig.7 is determined considering geothermal

effect 3 °C each 100 meters. The boundary conditions on each of
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the faces are shown in Fig.7, and they are numbered in sgquare
frames. Boundary condition A is no heat flux across the
boundary surface. Boundary condition B is a temperature on the
boundary surface given as a function of position by input data.

Initial and final time of this calculation are 0 and 970,000
hours {110 years), respectively. And the time increment is
1,000 hours.

Output of the transient temperature is required at three
points((1,1,5),(1,1,6),(1,2,5)) and four planes (X-Y,z=l, X-Z,
Y=2, Y-Z,X=3, X-Y,Z=4).

The input data for this calculation are given in Table 4.
Table 5-1 to 5-4 give a part of the printed output for this
calculation. Table 6 gives the control cards used by FACOM-M

200 computer, in JAERI.

[Sample calculation 2]

The transient temperature distribution is calculated in an
area as in Fig.8. The condition of the calculation are as
follows:

Region all over consists of material No.l (granite). The
physical properties of the granite are given in Table 2 [2][3][9]
[10], which is used in sample calculation 1.

There is the uniform heat generation in each of regions II to VII.
If the change of the heat generation at various time per one

vitrified product is represented by g(t), the heat generations
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in each of regions, Qregion No. ’ become
0 = 1.0 x 4 x q(t) x 1 = 9.6225 x 10 %x q(t)
II,1IV 50 X 12 % 1073 . 9
0 - 0.5 x 4 x q(t) x 1 = 4.8113 x 10 %x q(t)
T11 20 x 12 X 1073 . !
Q =0.75 x 4 x gqlt) x 1 = 7.2169 x 10 %x q(t)
v 70 X 12 X 1003 - 9
Q = 0.25 x 4 x g(t) x L = 2.4056 x 10 %x g(t)
vI,viIi~ °* 70 x 12 % 1073 “° q

where g(t) is given in Table 3 [2]([3][11].

As the initial temperatures for this calculation, the results
of sample calculation 1 are used. The boundary conditions on
all of the faces are shown in Fig.8, and they are numbered in
square frames. Boundary condition No.l'is no heat flux across
the boundary surface. Boundary condition No.2 is a temperature
in the boundary surface used the result of sample calculation 1.

Initial and final time in this case are 0 and 870,000 hours
( 100 years), respectively. And the time increment is 876 hours.

Output of the transient temperature is required at eight
points((1,1,3),(1,1,7),¢(1,1,6),(5,1,5),(1,5,6),(5,5,6),(9,9,6),
(4,4,6)) and seven planes (X-Y,Z=6, X-Y,Z=8, X-%,¥=1, X-Z,¥Y=3,
X-Z,¥=7, Y-%2,%=1, ¥-Z,X=3).

The input data for this calculation are given in Table 7.
Table 8-1 to 8-7 give a part of the printed output for this
calculation. Tabhle 9 gives the control cards for computing this

calculation by FACOM-M200 computer, in JAERI.
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The isotherms and the graphs of relation between temperature
and time, which are drawn up from the results of this calculation
by using GPCP-I program and VOLTES-5 program, are shown in Fig.9 -
Fig.1l4 and Fig.l5 - Fig.22, respectively. Table 10 and Table 11

give the control cards for using these calculations.
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6. Concluding remarks

"HOT" is a computer code for the heat transfer analyses
of the high-level radiocactive waste repository. To estimate
the temperature distribution of near site and far site with
complex formation, HOT-code has been developed. The steady-

state and/or transient calculation can be calculated by the

code.

HOT uses the finite difference method in three dimensional
Cartesian coordinates. The area of the calculation by this
code is such a rectangular prism as 1000 m x 1000 m x 5000 m,
which consists of several kinds of materials.

The characteristics of HOT-code are as follows; it is
possible that the near site calculation is carried out using the
result of the far site calculation which has already been run
as a boundary condition.

This code is written in FORTRAN-1V, and can be used by

FACOM-M200 computer, in JAERI.
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Table 1-1 Summary and format of input

Name of | Narme of o
card - variable Description
TITLE FORMAT': (18A4)
JOBDES Job description
IPl FORMAT: (819)
ICT >2 Total number of lattice points in X direction.
JGT 22 Total number of lattice points in Y direction.
KGT >2 Total number of lattice points in 2 direction.
MATTLT >1 Total number of materials.
NGENFN 20 Total number of heat generation functions.
NTDFN >0 Total number of time dependent functions.
NBDTFT >0 Total nurber of boundaries.
NSUBN >0 Nurber of sub-node blocks.
1P2 FORVAT : (4T9) -
JIN Option for input of initial temperature. Input
unit nuuber for restart
JOUT Option for output of final temperature distributicn.
Output unit number for restart.
JPLT1 Option for output of plotter. Output unit number for
time dependent temperature at arbitrary point.
JPLTZ Option for output of plotter. Output unit nurber for
isotherms on arbitrary plane. :
IP3 FORMAT': (619)
NTYPE Type of calculations.
1. S-S(Steady state) only. -1. Trans. only.
2. S-S, Trans.(Transient) -2. Trans.,S5-S.
3. §-S, Trans.,S-S. -3, Trans.,S5-S,Trans.
n. S-S, Trans., ... -n. Trans.,5S, =+-
: NOITX Maximm number of steady state iterations.
. NPRNTL Total nunber of points printed out.
NDATAL

Number of time steps between printed outputs for
point. :




Table 1-2 (Con't)
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Name of { Name of L
Description
card variable

NPRNT2 Total nutber of plane printed out.

NDATR2 Number of time steps between printed outputs for
plane.

IP4 FORMAT: (3F9.0, I9, 2F9.0)

EPI Steady state convergence criterxion.

BETA Steady state over-relaxation factor 1.08B<2.0 .
If blank or zero, BETA is 1.9 .

TELTAT Time increment for transient problem.

KIMFCT Option for modified explicit method. If KIMECT is
blank or < 2, this method is not used. Leave blank,
if steady state only.

TIM Initial time for transient problem.

TIME Final time for transient problem. (TIME TIME)

SYS FORMAT: (I3, 6F9.0)

NCONFG >1 MNumber of node characteristics(number of regions) .

XXLRB Coordinates of X-left boundary.

XXRB (oordinates of X-right boundary. (0.2XXLB<XXRB)

YYLB Coordinates of Y-left boundary.

YYRB Coordinates of Y-right boundary. (0.2YYLB<YYRB)

ZZBM Coordinates of Z-bottom boundary.

ZZTP Coordinates of Z-top boundary. (0.2ZZBM<ZZTP)

NC1 FORMAT: (819)

I8 Lattice point number on X-left boundary of node
characteristic, |

IIRB Lattice point number on X-right boundary of node
characteristic. (0<IIIB<IIRB)

JJLB Lattice point mumber on Y-left boundary of node
characteristic.

JJRB lattice point number on Y-right boundary of node
characteristic. (0<JJLB<JJRB)

KKBM Lattice point nurber on Z-bottom boundary of node
characteristic.

KKTP Lattice point number on Z-top boundary of node

characteristic. (0<KKBM<KKIP)
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Table 1-3 (Con't)

Name of | Name of
card variable Description

MATEL 21 Material nunber.

NHTGEN Heat gez?eration function number. If NHTGEN is zero
or blank,there is no heat generation. If NHTGEN is
negative, heat generation is calculated from time
dependent function(table). .

NC2 FORVMAT: {619, F9.0)

II.BCD Boundary number of smaller coordinates of X.

IRBCD Boundary number of larger coordinates of X.

JLBCD Bowndary nurber of smaller coordinates of Y.

JRBCD Boundary number of larger coordinates of Y.

KBBCD Bowndary number of smaller coordinates of Z.

KTBCD Boundary number of larger éoord:i_nates of Z.

TINI Initial temperature of this node.

Input NCONFG sets of NC1 card and NC2 card.
SN1 FORMAT: {619)

ISLB Lattice point nurber on X-left boundary of sub-node.

ISRB lattice point nunber on X-right boundary of subr-
node. (0<ISLB<ISRB)

JSLB Iattice point number on Y-left boundary of sub-node.

JSRB Lattice point number on Y-right boundary of sub-

‘ node. (d<JSLB<JSRB)

KSBM Lattice point number on Z-bottom boundary of sub—

node. ’
; KSTP Lattice point number on Z-top boundary of sub-node.
| ' (O<KSBM<KSTP)
Tf NSUBN is zerc or blank, omit SN1 card.
MAT FORMAT: (I9,b,A8, 3F9.0, 3I9)

MAT _ £100 Material number.

MATNUM Material name.

QONDTY Conductivity if constant; if temperature dependent,,
leave blank. '
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Name of | Name of .
Description
card variable
DENSTY Density if constant; if temperature dependent or
steady state only, leave blank.
SPHEAT Specific heat if constant; if temperature dependent
or steady state only, leave blank.
NCON $25 Number of pairs in CON cards. Leave blank and
omit CON cards if constant.
NDEN £25 Number of pairs in DEN cards. Leave blank and
omit DEN cards if constant or steady state.
NSHT €25 Nurber of pairs in SPE cards. Leave blank and
omit SPE cards if constant or steady state.
CON FORMAT: {(nF9.0) n=2xNCON
T{(1) Temperature.
V(1) Conductivity.
If CONDTY is zero or blank, .input NCON pairs.
If NCON is zero or blank, omit this card.
DEN FORMAT: (nF9.0) n=2xNDEN
T(1) Temperature.
v{1) Density.
Tf DENSTY is zero or blank, input NDEN pairs.
If steady state only, omit this card.
SPE FORMAT: (nF9.0} n=2xNSHT
T(1) Temperature.
V(1) Specific heat.
If SPHEAT is zero or blank, input NSHT pairs.
1f steady state only, omit this card.
GEN FORMAT: (I9, 5F9.0)
NGN Heat generation function number.
GCOEF1 Coefficient value:A; The heat generation will be
Q(t)=A;+A; t+Ast?+Asexp(Ast), where Q(t) is time
dependent function.
GCOEF2 Coefficient value: Az
GCOEF3 Coefficient value: As
GOCEF4 Coefficient value: Ay
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Name of | Name of
Description
card variable '
GOOFEF4 Coefficient value: As
Omit GEN cards, if NGENFN is zerc or blank.
BOUND FORMAT: (219, F9.0, I9)
NBDTP Boundary number.
NBYTYP Boundary type.
0 or blank Adiabatic condition.
1 Specification of boundary temper-
ature. (BYTEMP is a boundary tem-
_ perature.)
! 2 ' ' Specificat_:ion of boundary temper-
g ature. (This temperature is input
; from JIN unit.)
BYTEMP Boundary temperature. If NBYTYP=1 and boundary tem-
perature is constant, input the value.
NBYTEN Time dependent function number of boundary temperature.
If NBYTYP=1 and boundary temperature is dependent on
time, input the function number.
TIMDE FORMAT: (219, 6F9.0)
NTM Tire dependent function number. (£ NTDFN)
NTIMFP 250 Number of pairs in table.
TIMFN (1) Time.
TIMFN (2) Time dependent value.
If NTDFN is zero or blank, omit TIMDF card.
If TIMFN(1l) is negative, TIMFN(2) is multiplied the
following time dependent values.
POINT _ FORMAT: (n(b, I2, b, I2, b, 12, b)) n=NPRNT1
T01(1) lattice point nurber in X direction.
JO1(1) Lattice point number in ¥ direction.
K01 (1) Lattice point number in 7z direction.
This card specifies points printed out.
If NPENT1 20, omit POINT card.
PLANE FORMAT: (n{b, I3, b, I4, b)) n=NPRNT2

|

- 21—



Table 1-6 (Con't)
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Name of | Name of
Description
card variable o
IPLANE (1) Specification of plane
IFLANE Plane

1 X-Y
2 X-32
3 Y - Z

I0UT2 (1) Lattice point number in residual direction.

This card specifies planes printed out.
If NPRNT2 £0, omit PLANE card.
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Table 2 Thermal properties of the geologic formation
Material Density(kg/m3) Thermal o Specific o
' conc’luctiwity(W/m ) heat(Wh/kg C)

Surface 3

coil 2.4 x 10 2.75 0.232458
Shale 2.4 x 103 1.65 0.232458
Granite 2.62 x 103 2.22 0.22442

Table 3 Transient thermal power per one

vitrified product

Time (years) *

Thermal (w/hroduct)

power

L2 N Vs

7
10
15
20
24
28
30
34
40
45
50
60
70
90

110
130
150
170
200

1875.0
1730.0
1653.2
1580.0
1463.2
1300.0
1146.6
1005.0
950.0
900.0
830.0
715.0
632.7
565.0
440.0
352.7
220.0
138.0
91.0
56.0
50.1
32.5

*) Time is counted from the disposal time that
is 30 years after the reprocessing.
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Table 4 Input data of sample calculation 1

sandaknExn [ NP U T L ATA DUMPE seesamsunn

lo-o-..-lovcuc-'.|20..-o.oo-30.n-.-cot“O--.-oo-rbﬁnao.-un.ﬁon-.--l--TO--------BC

HUT3 CODE SAMFLE DATA-2 (TPANSIENT_CALCULATION) 530327

7 7 8 3 1 8
. T S JE R O
-1 3 10 4 10
1000, G, 970000,
8 U 900, 0. 200, O« 1050,
1 7 1 7 7 8 . 1
_ 2 2 1 20, ,
1 7 1 A - T 2
) B 3 26,5
1 7 1 7 5 6 3
4 4 29.
1 T 1 7 4 5 3
5 5 33,5
1 'z 1 2 4 5 3
' 33.5%
1 i 1 T 3 4 3
6 6 38,
1 7 1 7 2 3 3
7 1 42,5
1 7 1 7 1 2 3
8 8 8 47,
1 2 1 2 4 5
1 SOIL 2-75 2-4 "3 tZJ?“bB
2 SHALE l1.65 Fevl +3 232458
3 GRANITE 2,22 2.62+3 22442
1 1 20,
2 1 24,5
3 1 29,
4 i 33,5
5 1 3s8.
6 1 42,5
7 1 47,
8 1 51,9
1 23 -1, 1.0963=5 O, 18759, 26250, 1730,
43800, 1653,2 61320, 1580, 87600, 1463,2 131400, 1300,
175200, 1146.6 210240, 1005, 245280, 950, 262800, S00,
297840, 830, 3sp4aQo.  T15, 394206, 632.7 438000, 565.
525600, 440, 613200, 352.7 Te84uUC. 220, 963600, 138.
1138800. 91, 1314000, 56, 1489200, 50.12 1752000, 32,5
1 1 5 1 1 e 1 2 5
1 1 2 2 3 3 1 4

1
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Table 7 Input data of sample calculation 2

R I NP WUT DA T A D UMP #Etdsrsgiis

1.......10........20........30........40........50........bc........70........ao

HOT3 SAMPLE DaTa~2z (FINE MESH « TRANSIENT CALC) 53= 4=]12 TITLE
16 10 10 1 0 4 1 o 1§31
1 0 1 1
-l 8 10 7 20
876, U BTO00O0.
T G, 180, Q. 155,88 452, 560, SyS
1 10¢ 1 10 1 10 ) i NC1=1
1 1 1 1 ) NC2=1
1 3 1 4 5 b 1 -1 NC1=2
NC?2=-2
1 3 4 5 5 & 1 -3 NC1l=3
NC2-3
3 4 1 : 2 ] [ 1 -1 NC 1«4
NC2=4
3 4 2 k] 5 6 1 -2 NC1l=5
NC2=5
3 4 3 4 5 6 1 -4 NC1=6
NC2=6
4 5 i 2 5 [ 1 -4 NC1
NC2=T
1 GRANITE 2.22 2.62+3 22442
1 2 BOUND
H 23 =1, 9.6225=-4 G, 1875, 262680, 1730,
43800, 1653.2 6132GC., 1560, E7600, 1463.2 131400, 13¢0,
175200, llée.d 210240, 1003, 245250, 950. 262600, 500,
297840, B30, 3504C0. T15. 354200, 632.7 438000, 565,
525600, GaC, 6132060, 352.7 7884G0, 22C. 963600, 138,
1138800, 91, 13314000, S6. l4g9200, 50.12 1754000, 32,5
2 23 =1, 7.2169=4 0O, 1875. 26280, 1730,
43800, 1653.2 61320, 1580, 8T600., 1463.,2 131400, 1300,
175200, 1ll4e.6 £10240, 10US, 245260, 950, 262800, 900.
297840, 830, 350400, T15. 394200. 632.7 438000, 565,
525600, 440, 6132C0, 352.7 788400, 220, 9636006, 138,
1138800, 91, 1314000, 56 1489200, 50.12 1752000, 32,5
3 23 -1. 4,5113=4 C, 1875, 26280, 1730,
43800, 165342 61320, 1580, B7600. 1463,2 131400, 1300,
175200, 1ll4e.6 21u240, 1005, 245260, 950, 262800, 90G.
297840, B3G. 350400, 715, 394200. 632.7 435000. 565,
525600, 440, 613200, 352.7 T8840G, 20, 963600, 138.
1138800. 91, 1314000 56, 1489200, 50.12 1754000. 3245
4 23 =1. 2.405%6=4 0, 1875. 26260, 17306,
43800, 1653,2 613540, 1580, 87600, 1463.2 131400, 1300.
175200, 1llér.é 210240, 10053, ‘45280, 950, 262800, 9U0.
297840, 830, 350400, T15, 394200, 832,71 438000, 565,
525600, 440, 613200, 23%5:2.7 788400, 220, 963600, 135,
1138800, 91, 1314000+ 56» 1489200, 50.12 1752000. 32.5
1 1 3 1 1 7 1 1 & 5 1 5 1 5 6 5 5 6 3 9 6 POINT
4 4 &
1 6 b .8 2 1 2 3 2 7 3 1 3 3 PLANE
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Table 9 Control cards for sample calculation 2

//ICLG JGB
// EXEC JCLG
f/SYSIN DATA,DLM="++"'
// JUSER.........
c.2
W.3
T.6
/{ EXEC LMGO,LM="J2993,.H0TEA"
// EXPAND DISKTO,DDN=FT02F001,DSN='J2993,D02'
// EXPAND DISKTN,DDN=FT20F001,DSN='J2993.F20C4"
// EXPAND DISKTN,DDN=FT30F001,DSN="3d2993.F304"
// EXPAND DISK,DDN=FTIOF0Q]
// SYSIN )] *
{ input data )
++

/!

Table 10 Control cards for GPCP-I1 program

//JCLG  JOB
// EXEC JCLG
//SYSIN DD DATA,DLM='++"

// JUSER 53482993,TU.BANBA,0964.100,H0T 0331
T.1 CPUIOSEC
C.1 ME 512KB
W.3 6K{160)
1.3 1/0 4000
€35 COM35

// EXEC LMGO,LM="J1622.GPCPCOM'

// EXPAND CISK,DDN=FTG1FO01

// EXPAND DISK,DDN=FTO04F001

f/3YSIN DD DSN=J2993.F204.DATA,DISP=0LD
// EXPAND GCOM35

++

/1
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Table 11 Control cards for VOLTES-5 program

//JCLG  JOB
// EXEC JCLG
//SYSIN DD DATA,DLM='++’

// JUSER 53482993,TU.BANBA,.0964.700,H0T 0331
T.1 CPUTOSEC
€. ME 512KB
W.3 6K(160)
1.3 [/¢ 4000
£35 COM35

J/EXEC = LMGO,LM='J2993.VOLTES'

//EXPAND DISKY0,DDN=FT20F001,DSN="J2993.F204"
//EXPANKD DISKTO,DDN=FT30F001,DSN="'J2993.F304'
//EXPAND Gq0M35

++

1
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Fig.l Geometry used for numerical method (N,Ny-Ng; points)
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START

[ READ OF FUNDAMENTAL DATA;]

}

l CALCULATION OF FIRST ADDRESS OF ARRANGEMENﬂ

!

| READ OF PHYSICAL CONSTANTS AND LOCATION|

v

| SET OF PROPERTIES AT FACH POINT |

STEADY
OR TRANSIENT?

STEADY

TRANSTENT
TIME : t=0 |

LATTICE POINT,
I=1,J=1,K=1
CALCULATION OF TIME DEPENDENT
! BOUNDARY VALUES
CALCULATION OF HEAT T
BALANCE AT EACH POINT
[CALCULATION OF HEAT GENERATION
v
NO [LATTICE POINT, I=1,J=1,k=1 |
ol
=

CALCULATION OF HEAT BALANCE
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PRINTING OUT
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[PRINTING OUT T(I,J,K) |

= YES

END

Fig. 3 TFlow sheet of code for computing temperature distributions
in geologic formation around high-level waste repository
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| . BDCOND
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| CSUBP

L RHO

—— TEMRD
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. DUMPZ

L PLOTR

— PRINTR

— PLTEDT

HOT control routine

Read of fundamental data

Calculation of first address of
arrangement

Read of physical constants and
location

Read of conductivity as temperature
dependent function

Read of demsity as temperature
dependent function

Read of specific heat ‘as temperature
dependent function

Set of properties at each point

Calculation of heat balance at
each point

Calculation of time dependent
boundary wvalues

Calculation of heat generation
Calculation of restart and fine mesh
Calculation for interpolation

Read of temperature

Interpolation of initial values
Sweep of data for plotter

Calculation of boundary heat
transfer coefficient

Calculation of conductivity
Calculation of specific heat
Calculation of density

Control routine of steady and
transient calculation

Calculation of time dependent
boundary values

Read of temperature

Interpolation of boundary wvalues

Calculation of heat generation
Heat balance at each point
Sweep of data for plotter
Sweep of data for plotter
Print out

Compilation of data for plotter

Fig. 4 Formation of HOT-code and function of subroutines
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Fig. 7 Calculation system of sample calculation 1
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Fig. 9 Output data of sample calculation 2 (Isotherms on X-Y plane, Z=6)
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Fig. 10

Qutput data of sample calculation 2 (Isotherms on X-Y plane, Z=8)
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Fig. 11  Output data of sample calculation 2 (Isotherms on X-Z plane, Y=1)

Fig. 12  Output data of sample calculation 2 (Isotherms on X-Z plane, Y=3)
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Fig. 13 Output data of sample calculation 2 (Isotherms on Y-Z plane, X=1)

Fig. 14 Output data of sample calculation 2 (Isotherms on Y-Z plane, X=3)
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Fig.15 Output data of sample calculation 2
(Graph of time dependent temperature at point(1,1,3))
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Fig.16 Output data of dample calculation 2
(Graph of time dependent temperature at point(1,1,7))
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Fig.17 Output data of sample calculation 2
(Graph of time dependent temperature at point(l,1,6))
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Fig.18 Output data of sample calculation 2

(Graph of time dependent temperature at point(5,1,5))
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Fig.19 Output data of sample calculation 2
(Graph of time dependent temperature at point(1,5,6))
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Fig.20 Output data of sample calculation 2

(Graph of time dependent temperature at point(5,5,0))
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Fig.21 Output data of sample calculation 2
(Graph of time dependent temperature at point(9,9,6))
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Fig.22 Output data of sample calculation Z

(Graph of time dependent temperature at point(4,4,6}}



