. ~ "
An"[s December 12, 1985
P6678.00

1.
wml’fz)e’c?ordfglg VM Project £0,/). Lo

ockel oo
Féﬁzd/— P / e
ot b A S

Pauline Brooks, Project Officer

Division of Waste Management Dsintution: ,
NS 623 SS PRreaks |
U.S. Nuclear Regulatory Commission i .
Washington, D.C. 20555 {Retuin io Wi, £23-83) 14;!-
Dear Pauline: Benchmarking Computer Codes
Repository Design
ADINA and ADINAT
At the progress meeting held at the NRC offices on December 10, 1985,
Bi11 Swanson of Acres made a presentation of our project status and
results to date. At your request, I have enclosed copies of the
overhead transparencies used during the presentation.
Very truly yours,
Tsil Zg/owé
D. W. Lamb
Manager
Project Operations
DWL:sd
Enclosures
cc: D. K. Vogt (w/o enclosures)
g £
8
T (- B oo
~Bs01170353 851212 < OR
PG olrEs EECACLC = i
B-£98% %38
=z
N
g 8

ACRES INTERNATIONAL CORPORATION
Engineers, Architects and Planners

Suite 1000, Liberty Building, 424 Main Street,
Buffalo, New York 14202-3592

Telephone 716-853-7525 Telex 91-6423
AbL" 7



\

-
o
/

/////F BENCHMARKING COMPUTER COSTS
CUﬁRENT PROJECT STATUS

‘MATRIX OF PROBLEMS YO BE DONE DY ACRES

December 9, 1985

PROBLEM \ THERMAL GEOMECHANICAL HYPOTHETICAL VALIDATION

CODE .8 l 2.9 .10 J.2a ) 3.2b} 3.3c) 3.5 5.1 5.2 5,3 6.1 6.3
ADINAT , A e
: 2 N &Y

®
05

ADINA R " A

COYOTE

DoT

MATLOC

SALT 4

YISCOT

2
A

Complete

Attempted: problems encountered

@ tio attempted yet

—— e et 2+ - o b -

s::yc?czjsy 'ztaywo}%j
/ S8b6ng 23S

s2/et/<



|
| ™
|
2L
To=Ti - 2 | » h
(t<O) I
h i
T=T;
To® Ti {t<0) |
(t=20) I ‘
' y
> Y
=
- | |
I i
- |
x"' '
|
Je
7
7
”
”~
7~

Figure 2.6-1 Rectangular Bar with Anisotropic Conductivity
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ADINAT PROBLEM 2.6

Y—AXIS TEMPERATURES (at t=400,000 s)

600
550 -4
500 —
Pam
X 3\&
g
w ]
e 450
= | \-
— TENFERATURES (K) ALONG THE Y-AXIS p
ag OF THE BAR AT TIME OF £30,006 sec
w ._
0 400 ANALYTICAL  ADINAT EDINRT
= ¥ (n) dt=100 Keec dt=10 Ksec
}fﬂ 9,00 SA7.825  544.80%  597.643
0.0 546,472
350 4 020 5aL191 S3B.430 540,705
0,30 537.34
0.40 526,987  530.007 530,445
0.50  518.093
_1 0.4 204,547 302, 30V o, 134
300 0,70 488.41%
0,80  449.672  477.288 472,748
9,90 449.475 454,715 450,346
10D 425,084 431,297 427,219
250 1B L} 1 ) | [} | | i
0.0 0.2 0.4 0.6 0.8
Y—AXIS DISTANCE (m)
— ANALYTICAL + ADINAT:100Ks o ADINAT:10Ks

1.0




ADINAT PROBLEM 2.6

Z—AXIS TEMPERATURES (at t=400,000 s)

600
550
'ih 3
500 4
P
3
N~
Wi _
% 450
D
—
iig TEHFERATURES (K) ALONG THE 7-AYIS
m 400 - OF THE BAR AT TINE OF 400,000 sec
0.
ifﬁ AMALYTICAL  ADINAT ADINAT
— 1 (a) dt=109 Ksec dt=10 Ksec
0.00 547,825  S4A.B0K  S47.643
350 H o2 s siss 545. 046
045 544,919 542,501 545.040
0.68  S40.747  S37.318  539.049
0,90  S33.960  533.926  S535.171
11T 523,785 523352 523044
300 135 S0%371 S13.729 512.218
LLSB 490,186 493,756 499,443
.80 465,830  A73.63)  4A9.145
206 440,221 446,984 442,808
250 | | ) T i 1= " 1 1 | HE ] | 1 T B ) ! ||
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Z—AXIS DISTANCE (m)
—  ANALYTICAL + ADINAT:100Ks 0 ADINAT:10Ks



TEMPERATURE (K)

COYOTE PROBLEM 2.6

X—~AXIS TEMPERATURES (t=400,000 s)

600
S50 4 _ ——___
—
- "‘ + \N\\N“—
500 - F T~
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.
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450 - -
+ Sy
+
O -
400 WNALVTIZAL COYOTE RESHLTS +
1 (n} 4L=100,030 5 1
0,06 SILES 525417
6,23 S4T.135 521,08
N
0.68  S90.747 501377
0.9 SINUA0  4BT.5I5
A3 SI3TeS 482.53
300 4 .5 509,371 439, 690
1,58 490166 416,083
LB BS.EG 393504
200 W0.221 UR.py
250 L A B e s 1
Q.0 0.2 C.4 0.6 0.8 1.0 1.2 1.4 1.€ 1.8 2.0
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——  ARNALYTICAL + COYOTE




TEMPERATURE (K)
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COYOTE PROBLEM 2.6

Y—AXIS TEMPERATURES (t=400,000 s)
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+

COYOTE

] T ———..
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+
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\
—
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AYALYTICAL COYOTE RESLLTS ]

A i dt=109,900 s

0.66 547,815 SI3.417

L6 SA6.672

020 SAS.91 570,56
4 o s

0.40 528,987 510,792

0.5 518.093

N80 SOA57T 492,248

0,70 189,415
1 hBe 1672 452.585

a0 MBS MM

1.0 45,088 426,958
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X—AXlS TEMPERATURES (t=400,000 s)

GDO - - e e
550 - | .
1 o TR T
ﬁ%“x~ ¥
-3
600 - \'““\_:'.
b o
—
1
450 S
400 -~
Y ANALYTICAL dt=100,000 dt=400,000
0.00  S47.825  S545.870  S541.160
350 - 03 WMLIB 5980 539.700
-t 0.45 544,919 543,450  539.310
0.8 540,747  538.780  535.850
0.90  533.980  S534.820 533,040
.43 525745  524.350  525.280
300 ~ 135 50931 SIS0 517.230
158 490,166  495.450  503.770
1.80  M85.B90  A75.270  487.34¢
{200 mo22t anse0 445560
250 S R I e B N A M e e B L
0.n 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 7.0
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ANALYTICAL + dt=100,000 = o At=400,010D s



LOT

FPROBLEM Z.6

T—AXIS TEMPERATURES (t=400,000 s)
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330 Y ANALYTICAL dt=100,000 dt=400,000

0.00  547.825  S45.886  S41.180

0,20  S5A3.151 540,310  S37.170

0.40  S52B.987  529.993  529.810
300 | 0,60 504577  S07.584  513.3%

0.B0  489.672  477.972  450.220
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Froblem 2.8

Temperature Results Comparison

Surface Temperature (°C)

TIME

(hr) Analyticeal CoYOoTE ADINAT
0.0 260 260.0 260.0
et 174 166.5 174.1
4.6 134 149.4 18S.2
7.0 141 137.6 142.3
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Figure 2.9-1 Radiation from a Slab
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TEMPERATURE AT RADIATIVE FACE (DEG. K)

ADINAT

— PROBLEM 2.9 (RUN #1)

TEMPERATURE HISTORY AT X=0

600
RUM 1 TEMPERATURE HISTORY
AT RADIATIVE FACE (X=0)
550 TIME ANALYTICAL  ADINAT
(HRS)
0,00 &S446, 00 544 .00
L 1.00  438.17 449,05
500 - 2,00 DES 4472 .57
3,00 413,80 427.75
4,00  A406.77 437.71
¥ 8.00 384,93 394,58
12,00 3I71.28 381.77
450 H + 14.00 360.34 370,09
20,00 350,81 TE0.18
4; 24,00 342,872 351,51
48.00  311.22 321,85
400 + 72,00 293,48 303,58
96.00 283,92 292,21
+ TIME STEFS:
+ 4 AT 1 HRS.
5 AT 4 HRS.
350 - + 3 AT 24 HRS.
300 -
250 T T T T T ] T T
0 20 40 60 80

ANALYTICAL

TIME (HOURS)
+

ADINAT

100




TEMPERATURE AT INSULATED FACE (DEG. K)

600

550

500

450

400

350
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250

ADINAT — PROBLEM 2.9 (RUN #1)

TEMPERATURE HISTORY AT X=L

RUM 1 TEMFERATURE HISTORY
AT INSULATED FACE (X=L)
-] TIME ANALYTICAL. ADINAT
(HRS)
Q.00 546 .00 94é6.00
1.00 S9432.95 945,27
- 2.00 S541.91 943,23
300 8539.84 H3I9.72
4,00 537.81 D34.20
g. 00 S909.15 508.473
12,00 480.48 481.71
~ 14,00 454,93 457 .24
20.00 429.98 435,70
24,00 410.87 416.9%
48. 00 242,62 356.90
_ 72.00 309.86 I23.37
?hH..00 29%.48 J0Z.84
TIME STEFS:
4 AT 1 HRS.
9 AT 4 HRS.
- I OAT 24 hilkvs.,
+
| 1 ] | I 1 1 i) |
O 20 40 60 80

——  ANALYTICAL

TIME (HOURS)
% ADINAT

100




TEMPERATURE AT RADIATIVE FACE (DEG. K)

600

550

500

450

400

350

300

250

ADINAT

PROBLEM 2.9

TEMPERATURE HISTORY AT X=0

(RUN #2)

RUM 2 TEMPERATURE HISTORY

AT RADIATIVE FACE

(X=0)

1l

TIME ANALYTICAL

(HRS)
0,00
1.6000
2.00
2.00
4,00
g.00

12.00

5446400
438.17
423.15
413,60
406.77
384.973
571,28

ADINAT

Gidé . 00
458.27
436,018
423,45
414,50
593.94
37%9.80

N 16.00  360.36 %63, 31
20.00  350.81 350, 53
24.00 342,67 349,83
48.00  311.77 317. 65
-1 72.00  293.48 299, 93
G4.00  28T.92 ~88. 61
TIME STEPS:
1 g + 16 AT .25 HRS.
+ 10 AT 2.0 HRS.
6 AT 12.0 HRS.
-
| | 1 I | 1 i
@) 20 40 60

——  ANALYTICAL

TIME (HOURS)

+

ADINAT

100




TEMPERATURE AT INSULATED FACE (DEG. K)

600

550

500

450

400

350

300

250

ADINAT — PROBLEM 2.9 (RUN #2)

TEMPERATURE HISTORY AT X=L

o

RUN 2 TEMFERATURE HISTORY
AT TNSULATED FACE (X=L)

TIME AMALYTICAL ADINAT

(HRE)
0. 00 946 .00 G46.00
1,00 S43.9% G945.79
2.00 S541.91 544,45
.00 S39.084 S41.30
4,00 537.61 936,45
8.00 S509.15 S508.24
12.00 480.48 479.681
16400 454.55 454,50
20,00 429.96 432,22
24,00 410.87 413.24
48.00 342,62 %48.89
72.00 309.86 315.83%
Qb. 00 293%.48 297.83

TIME STEFS:

16 AT .25 HRS.
10 AT 2.0 HRS.
& AT 12.0 HRS.

+

| i } | | | ! | L

20 40 60 80 100

TIME (HOURS)
——  ANALYTICAL +  ADINAT




{a) Elastic Medium

(b) Elastic-Plestic Medium -

{c) Elastic Medium with Liner
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Figure 3.2-1 Circular Tunnel
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STRESS (MPa)

32

MATLOC — PROBLEM 3.2a

MAJOR PRINCIPAL STRESS

31

30 =

27

26 -

25 -

24 -

23

22 -

21 4

20

Figure 7.2-2 MATLOC Problem 3.2a
Major Principal Stresses along a
Line 30 Degrees from Horizontal

+ +
T4 o+ 4+ +
MAJOR PRINCIPAL STRESS AT
30 DEGREE LINE TO HORIZONTAL

RADIUS AMALYTICAL  MATLOC RADIUS ANALYTICAL  MATLOC
{a} (#Pa) (MPa) {a} {NPa) {MPa)
3.00 30.000 10.42 29.606 30,024
5.10 30,006  29.925 i1.58 29,468 29.943
3.19 Jo.15%  30.1N 12,43 29.405 29,947
5.40 30,283  30.355 14.36 29.37% 29.985
5.89 30,420 30.488 16,06 29.403 30.047
8.21 30,50 30.568 18,94 29.482 30,175
5.79 36.508 30,657 22.11 29.571 30,295
7.3 30,402  30.553 27.88 29.4697 J0.459
8.18 0.1 30.395 33.17 29.774 30,573
6.81 29,957 0,254 41.83 29.851 30,310
6,68 29.742 30,114 45.09 29.870

T B | T 1 i T H L
15 25 35 45
RADIAL DISTANCE (m)
—  ANALYTICAL + MATLOC




STRESS (MPa)

MATLOC — PROBLEM 3.2a

MINOR PRINCIPAL STRESS

16
15 - . .
14 -
13 -
12 -
11
10 -
9 NINOR PRINCIPAL STRESS AT
8 30 DEGREE LINE TO HORIZIDNTAL
v RADIUS ANALYTICAL  MATLOC RADIUS AMALYTICAL  MATLOC
(n) {§Pa) {HFa) (a) (MPa) (MPa)
6 5.00 0.000 10.42 11.940 11.986
5.10 0.567 0.933 11.58 12,735 12.727
5 5.39 1.933 2,179 12,43 13.248 13,203
9.40 2.759 3,053 14.34 13.802 13.715
4 5.89 .10 . 3.992 16,06 1,113 14,003
8.21 4,769 5.032 18,94 14.473 14,335
3 6.7% 6,358 6,533 22.11 14,682 14.495
7.3 7.580 7.827 27.88 14.B20 14,621
2 8.18 9.252 9.405 33.17 14,885 14.197
6.81 10.211 10,356 41.83 14.935 15,110
1 7.48 11,254 11,336 15.00 14,945
O I I § ! ] T i L]
5 15 25 35
RADIAL DISTANCE (m)
——  ANALYTICAL +  'MATLOC

Figure 7.2-3 MATLOC Problem 3.2a
Minor Principal Stresses along a
Line 30 Degrees from Horizontal




RADIAL DISPLACEMENT (m)

MATLOC PROBLEM 3.2aq

RADIAL DISPLACEMENTS

©0000000
8]
{

0.10 4
RADIAL DISPLACEMENTS (a) ALONG
0.09 30 DEGREE LINE FROM HDRIZONTAL
0.08 + RADIUS ANALYTICAL  MATLOC
0.07 - {n) {(n) {n)
7 5,00 0.0480  0.0490
0.06 - 5.50 0.0475  0.0485
i 5,00 0.0473  0.0484
0.05 7.00 0.047¢  0.0484
8.50 0.0489  0.0500
0.04 + 10.00 0,053  0.0524
0.03 - 12,00 0.0555  0.0566
15,00 0.0631  0.0b44
0.02 4 20,00 0.0776  0.0790
30,00 0.1092  0.1108
0.01 4 45.00 0.1591  0.1600
5 15 25 35 45
RADIAL DISTANCE (m)
—— ANALYTICAL + MATLOC

Figure 7.2-5 MATLOC Problem 3.2a
Radial Displacements along a line
30 Degrees from Horizontal




CIRCUMFERENTIAL DISPLACEMENT (m)

MATLOC PROBLEM 3.2a

CIRCUMFERENTIAL DISPLACEMENTS

0.00

—0.01 -

~0.03 -

—0.04 -

—0.05 -

—0.06

CIRCUMFERENTIAL DISPLACEMENTS (a)
ALONG 30 DEBREE LINE FROM HORIZONTAL

RADILUS ANALYTICAL  NATLOC
(s} (a) (n)
5.00 -0.0208 -0.0221
3.50 -0,01%1  -0,9202
5.00 -0.0180  -0,0190
1.00 -0.0170  -0.0179
8.30 -0,016%9 -0.0179

10,00 -0.0177  -0.0184

12,00 -0.0193  -0.0203

15.00 -0,0223  -0.0235

20.00 <0.0200 -0.0294

30.00 -0.0403  -0.0424

45,00 -0.0593  -0,0407

—0.07

| I | i | |

15 25 35 45

RADIAL DISTANCE (m)
——  ANALYTICAL + 'MATLOC

Figure 7.2-6 MATLOC Problem 3.2a
Circumferential Displacements along a
Line 30 Degrees from Horizontal
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STRESS (MPa)

32

31 4
30—N+ + + +
29 -
28
27 -
26 -
25 -
24 -
23 -
22

21 +

20

MATLOC — PROBLEM 3.2a (RUN #2)

MAJOR PRINCIPAL STRESS

v 1 !

5 15

Ll

25

RADIAL DISTANCE

—— ANALYTICAL

+

MATL

I |

35

(Sr(?)(RUN #2)

45



STRESS (MPa)

MATLOC — PROBLEM 3.2a (RUN #2)

MINOR PRINCIPAL STRESS

oh..
T

15

——  ANALYTICAL

25

RADIAL DISTANCE

+

MATL

I t

35
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45
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PROB 3.2b



STRESS (MPa)

ADINA — PROBLEM

RADIAL STRESS

\:Z)O

2b

20
19 -
18 -
17 -
16 -
14 -
13 -
12 - RADIAL SYRESSES
1 -
L RADIUS ANALYTICAL  ADINA  RADIUS ANALYVICAL  ADINA
10 - () (MPa)  (HPa) (s) (#ra)  (NFa)
o - 5.00 0.00 9.40 10.60  10.68
5.05 0.2  0.20  10.42 .20 11.29
8 - 5.20 0.77 078 IL.58 1.9 120
5.3 L2 L2200 1263 12.42 1251
7 - 5.49 .85 .87 1L 13,00 13.10
6 - 5.53 238 240 16.05 13.40  13.50
5.08 L9 L2 189 13.85  13.9%
S - 8,05 .8 e85 2.1 .06 1026
4 - 6.34 7 | .88 14.47 14,58
b.42 5.00 33.14 14.63 1.
3 - b.57 S.44 S48 4102 1476 14.80
2 - b.88 6.30 633 48.1b .02 14.94
.32 730 1. 5682 .07 10,99
1 - 9,18 8.04 0.9  40.00 14.89
0 8.2 .70 9.7h
] I T ¥ ) -
0 20 4.0 60
RADIAL DISTANCE (m)
———  ANAI YTICAL + ADINA

ADINA Problem 3.2b
RADIAL STRESS COMPARISON



STRESS (MPa)

30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
16
14
13
12
11
10

ADINA —

CIRCUMFERENTIAL STRESS

PROBLEM 3.2t

CIRCUNFERENTIAL STRESSES

RADIUS ANALYTICAL  ADINN  RADIUS ANALYTICAL  ADINA
{nl {hPa) {NPa) {n) {HPal {nra)
3.00 20,00 9.40 19.40 19,5
5,05 20,21 0.0 10.42 18.80  18.95
5.20 20,717 20,91 £1.59 18,08 10.22
5.3 .20 .35 12.43 1.5 v.n
5.49 .83 21.%8 14,34 17.00  172.13
5.463 .38 7.5 15.05 1.0 1.7}
5.84 25,19 23.31 18.9% 16,35 W2
5.05 3.8 1.9 7.1 15,88 15.97
6.34 .76 .65 27.080 15.53  15.85
6.42 25.00 35,14 15,37 1549
6.57 U.5% N.78 1.2 15.28 15,35
.88 2.710 2591 48.14 15.18 15,30
1.32 2,10 22.%0 56,82 1513 1524
* B.18 A6 AN 40.00 15.41
\‘&\”‘\\ 8.a2 20,30 20.44
k‘\
k
~\+“‘--\_k_
M_ - {.
T T T J
20 40 G0
RADIAL DISTANCE (m)
——  AMALYTICAL + ADINA

ARDINA Problem 3.2b

CIRCUMFERENTIAL STRESS COMPARISON




STRESS (MPa)

20
19
18
17
16
15
14
13
12
1"

O N DO

O =MW+

ADINA — PROBLEM 3.2t

LONGITUDINAL STRESS
LONGETUDINAL STKESSES

RADIUS ANALYTICAL  ADINA  RADIUS ANALYTICAL  ADINA
- (a) Pa)  (HPa) (a) (HPa)  (HPa)
- 5.00 10,00 8.2 .00  5.05

5.05 1021 4.1 9.48 .00  4.05
- 5.20 1077 43 10.82 5,00 5.05
| 5.3 .21 45 11.58 .00  5.05

5.49 1.85 477 12.83 .00  4.05
- 5.43 1238 498 14.38 5,00  4.05
_ 5.06 13.19 530 16.05 6.00  £.03

5.05 13.83 5.5 18.9 .00  4.05
- b3 w589 2.1 6.00  6.05

6.42 15.00 27.68 6.00  4.05
- 5.2 5.00 135,14 6,00  6.05
- b.57 5.00 505  4).82 6,00  5.05

6.00 5.00 6,05  4B.14 5,00  6.05
- .32 6.00  6.05  56.82 .00  4.05
_ 8.10 6.00  £.05  60.00 6.00
- *S‘LH W SO T ST S S— t } } 4 } i

R ) ] ]
0 20 40
RADIAL DISTANCE (m)
———  ANALYTICAL + * ADINA

ADINA Problem 3.2b
LONGITUDINAL STRESS COMPARISON

60




STRESS (MPa)

VISCOT - PROBLEM 5.2b

RADIAL STRESS

20
19 4
18 4
17 -
16 -
15 - " 1 + 4 =2
14 4
13
12 RADIAL STRESSES
11 - RADIUS ANALYTICAL VISCOT  RADIUS ANALYTICAL  VISCOT
(n) (MPa)  (MPa) {n) (MPa)  (HPa)
10 5,00 0,00 9.68 10,60 10,47
9 - 5,05 0.2 0,21 10,84 .24 11,20
5.19 0.76 078 11,57 11.92 12,01
8 . 5.31 1.2 .22 12.48 1240 12,50
vl 548 .85 1.B7 1A} {3,001 13.10
5,64 239 24 16,10 13,40 13.50
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TEMPERATURE RISE (C)

DOT PROBLEM 5.2—SALT

TEMPERATURE RISE vs. DEPTH
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Figure 6.4-5 DOT Problem 5.2 - Salt
Temperature Rise along

Pillar Centerline (100-1,000 years)
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TEMPERATURE RISE (C)

COYOTE PROBLEM 5.2 — SALT

TEMPERATURE RISE vs. DEPTH
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TEMPERATURE RISE (C)
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Figure 10.5-7 COYOTE Problem 5.2 - Salt
Temperature Rise (100-1,000 years)
along Pillar Centerline
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FIELD RESULTS 715 .00 - 2.01 8247 76,68
k=071 L35 - 700 2.50 12020 105.77
285 - 106,00  3.00 201,07 149.43
ADINAT RESULTS 30 - 17800 3.50 275,57 189.38
R=071n \ $.75 - 115.00 4.5 03,73 210,56
730 - 4800 4.50 300,69 208,31
5.00 215.21 188,92
5.50 200,28 148,86
5,00 119,10 104,44
8.50 B0.28  74.68
A 1.75 51,35 49.41
8.00 W16 3bAb
1 | 1 7 1 1 ) 1 T
2 4 6 8 10

DEPTH BELOW REPOSITCRY FLOOR (m)
—  ADINAT

FIELD R=.4 + FIELD R=.71
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ADINAT PROBLEM 6.5

RADIAL TEMPERATURES ON DAY 260

BWIP

HORIZONTAL TEMPERATURE PROFILE (C)
AT 4.5 BELOW FLOOR AT DAY 240

FIELD RESULTS ADINAT RESULTS
Kin}  TENP. Kin)  TEMP. Ka)  TENP,
- 0.43  274.0 1.80 19.0 0.20 413.58
0.85 228.0 {.84 13.0 0.30 348.39
0.78  173.0 2.02 63.0 0.40  300.49
0.98 1510 2.12 1.0 0.50 26437
Lo 123.0 214 b1.0 0.60 2377
_ L1t 119.0 2,26 5a.0 0.71  208.31
L3t 105.0 2.35 34.0 0.82 186,20
1.53 89.0 .48 30.0 1,03 153.17
1,33 0.0 .12 4.0 1.2¢  128.04
1.36 89.0 .77 .0 1.5 10428
1.78 13.0 2.01 4.0 L7 8675
7l 3.08 40.0 .14 89.10
2,30 56,38
3.50  38.04
.30 21.99
- +
H
+ 4 n
| l ! |
0 2 4

RADIAL DISTANCE ﬂ:rng
—— ADINAT RESULTS + IELD RESULTS
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ADINAT PROBLEM 6.2 — BWIP

RADIAL TEMPERATURE PROFILE ON DAY 350

RADIAL DISTANCE g_:mg
—— ADINAT RESULTS + IELD RESULTS

HORIZONTAL TEMPERATURE PROFILE (C)
AT 4.25a BELOW FLOOR AT DAY 350

f{a)  NOOE ADINAT  FIELD
0.20 332 435.78

_ 0.30 333 371,20
0.40 1M 323,91
0.50 335 287,59
0.80 33 29795 262.00
0.7 337 B 23200

N 0.82 338 209.05  207.00
1.03 339 175.22
1.24 30 149.47
1.5 M 124,31
1.77 342 105,90
2.03 92.16 84,00

N 2.14 33 86,39
2,50 M 1.3
3.02 59.98  48.00
3.50 U5 A8.47
1,50 M 35.33

- 6.00 U 259
7.50 e 20,70
8.25 349 18,20
11.00 350 16,74
13.00 9 622

- 15.00 152 15.99

+ .
+
|| [ | L} 1 i | k] | ] 1 t T
D 2 4 6 8 10 12 14




TEMPERATURE (C)

)
DOT PROBLEM 6.5 —

TEMPERATURE HISTORY

BWIP

350
300
Dot
RESULTS
250
200 -
00T RESULYS
DAYS TEMP. (L)
0.0 15,50
30.0 48,87
150 FIELD 60.0 74,25
RESULTS 9.0 79.39
120.0 180,93
150.0  195.81
100 180.0 202,38
210.0  204.34
240.0 281,09
270.0 310,94
S0 - 300.0 320,39
330.0  325.86
360.0 329,21
O | | ] | ) I 1 1]
@) 100 200 , 300 400

TIME IN DAYS
0 MID--HEATER ©/S O.4m

§.6 2 DOT Problem 6.3
Temperature History




TEMPERATURE (C)

DOT PROBLEM 6.3 — BWIP

VERTICAL. TEMPERATURE PROFILES @ DAY 259

320
FIELD RESULTS 00T RESULTS
300 - DEPTH PELDH DEPTH BELOW
FIELD RESULTS  FLOOR (M)  R=,4 R=.71  FLOOR {® R=.4 R=T1
280 - R=0.4n 1,25 48,00 - 0,00 38,24 38,07
2,75 132,00 - 0.50 4271 42,00
260 DOT RESULTS 10 271,00 - .00 49.53 48,36
Rs0.4a 5.70  135.00 - 1.8l 7174 48,00
240 : .15 47,00 - 2,00 BL36 75.78
_ 1.35 - 74.00 2,50 117,31 103,01
220 2,85 - 104,00 3.00 194,56  145.0§
200 - 4,30 - 178.00 3.50 273,37 185.24
_ FIELD RESULTS 5.75 - 115.00 025 300,01 206,23
180 - R=0.7a 7.30 - 48.00 4,50 297,04 203,91
5.00 272,85 184.51
160 - DOT RESULTS 5.50 193.30 143.86
R=0.71a 6,00 115,58 101,32
140 - 5,50 78.48 T3
7.25 51,26 49.53
120 - 8.00 37.66 3693
9,00 28.08 27.79
100 10.50 20,30 21.19
_ 12,50  17.66 17,62
80 15.50  15.99  15.97
60 20,50 15,40  15.58
40 -
20 -
O L) 1 | 1 I ] LB 1 i V 1 { 1 1 ] 1 i 1] 1
0O 2 4 S) 8 10 12 14 16 18 20

DEPTH BELOW REPOSITORY FLOOR (m)

Figure 6.6-4 DOT Problem 6.3

Vertical Temperature Profiles

Day 259




TEMPERATURE (C)
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DOT PROBLEM 6.3 — BWIP

RADIAL TEMPERATURES ON DAY 260

600
TEMPERATURE PROFILE 4.5a BELDW FLOOR
FIELD RESULYE DOT RESULTS DAY 240
1(nl TENP. 1) TENP, X(al TENP,
0.43  276.,0 §.80 79.0 0,20 415,39
500 - 0.55  228.0 1.84 13.0 0.30 347.84
0.78 173,0 2,02 45,0 0.40 298.03
0.9 151.0 2,12 81,0 0.0 261.23
.07 123.0 2.14 61,0 0.60 231.35
.U 119.0 2.24 .0 0.71 204.84
400 - 1.31 103.0 2,35 9.0 0.82 182,84
1.53 89.0 2.9 30.0 1.03  150.27
1.83 90.0 .72 43.0 1.24  125.84
1.5 89.0 an 15.0 1.9t 102,82
1.78 15.0 2,81 4,0 1.77 BA.24
300 — 3.08 40.0 .14 3
2,50 §2.43
3.50  38.81
4,50 28.92
200 -
100 -
O T T 0 1
O 2 4

RADIAL DISTANCE (m)
——— DOT RESULTS + FIELD RESULTS

Figure 6.6-3 DOT Problem 6.3
Radial Temperature Distribution
on Day 260 at 4.5m Depth Below
Repository Floor




TEMPERATURE (C)

DOT PROBLEM 6.3 — BWIP

RADIAL TEMPERATURE PROFILE ON DAY 350

600
TEMP PROFILE 4,254 BELOW FLOOR - DAY 350
X(a)  NODE DOT MEASURED

0,20 332 M1.50

0.30 333 375.48
500 — 0.40 334 326.84
0.50 335 290.15
0.40 336 260.14 262,00
0.7 337 23349 232.00
0.82 338 210.45 207.00
400 - 1.03 339 174,35
1.2 340 150,33
1.51 M 124,92
.77 342 104,40

2,03 92.40  B4.00
300 - 2.14 343 BAT4

2.50 344 72,46

3.02 60.27 48,00

350 345 48.83
LS00 34 352
200 - 500 W1 5.9
7.5 38 20.88
925 M9 18.21
1,00 350  15.80
1,00 38t 1621

100 — 15.00 352 14.01
+
O | 1 1 i 1 ! 1 I ) | ] 1 | |
0] 2 4 6 8 10 12 14
RADIAL DISTANCE (m)
—— DOT + MEASURED

Figure 6.6-5 DOT Problem 6.3
Radial Temperature Distri-
bution on Day 350 at 4.25m
Depth Below Repository Floor




TEMPERATURE (C)

DOT PROBLEM 6.3—2 BWIP (REVISION)

350 TEMPERATURE HISTORY (90% OF HEATER)

300 -
250 -
200
150
100 -

50 —

0 | I I ! I L ' ! 1

0o : 100 200 300 400

TIME IN DAYS
0O MID—HEATER O/S 0.4m —— FIELD RESULTS




