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ABSTRACT

The finite-line heat transfer code, TEMP, is used to calculate temperature distributions
within geological repositories for high-level nuclear waste. A capability to concurrently
calculate the sensitivity of the temperature distribution to any or all data of interest was
incorporated into this code using an automated procedure called GRESS. Only two man-
weeks of effort were required for this process. The accuracy of the GRESS-added sensi-
tivity calculation capability was verified using comparisons of GRESS-calculated sensitivi-
ties with sensitivities estimated from perturbation analysis for all 189 TEMP sample cases.
This successful GRESS enhancement of TEMP and the associated verification analysis
contributes to the overall program of validating the GRESS procedure.






INTRODUCTION

TEMP! is a heat transfer code for calculating the temperature distribution within geo-
logic repositories for nuclear waste. The code uses a semi-analytical technique for deter-
mining the temperature rise from a finite-length line-source in a solid and isotropic
medium of infinite extent. The time-dependent temperature distribution in an infinite
array of sources and in a source geometry typical of a High Level Waste (HLW) reposi-
tory can be calculated by superimposing single source temperature distributions. The
TEMP code will be used in conjunction with UCBNE10.22 and WAPPA? in the repository
performance assessment. The purpose of this paper is to report on the testing and verifica-
tion of a version of TEMP that will calculate, on option, the derivative of all responses

with respect to any variable used in the code.

BACKGROUND

The Office of Nuclear Waste Isolation (ONWTI) is responsible for the characterization
and performance assessment of candidate High-Level Waste Salt Repository sites.
Because of the large uncertainties generally associated with the data characterizing geolog-
ical media and waste behavior and because of the predictive nature of the simulations sup-
porting the assessment, sensitivity and uncertainty analysis are necessary components of
the overall performance assessment. To date both statistical and deterministic methods
have been used to calculate uncertainties associated with the geological disposal of High-
Level Waste.*

Generally, statistical methods are preferred for codes with a moderate number of
parameters; direct deterministic methods when there are many performance measures of
interest and a moderate number of parameters; and adjoint deterministic methods when
there are a limited number of performance measures and a large number of parameters.
For large codes with an extensive data base, such as the computer models used by ONWI
for performance assessment, the deterministic approaches are more cost efficient for pro-
ducing a comprehensive ranking of sensitivities of results to data. Both the direct and
adjoint perturbation methods, which have been widely used in analyses of nuclear systems,’
rely on model reruns for calculating first derivatives. The cost of the reruns can be prohi-
bitively expensive depending upon the scope of the analysis and the number of variables of
interest. To circumvent this problem, a procedure® was developed to make use of computer

calculus and the chain rule of differentiation to calculate first derivatives of any model
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variable to any other model variable. In addition, to avoid the costly programming effort
of implementing this capability in the various codes of interest to ONWI, a Gradient-
Enhanced Software System (GRESS)’ was developed that automatically adds the
necessary lines of coding to any FORTRAN source program. GRESS has already been
successfully applied to the SWENT, UCBNE10.2, ORIGEN2, and WAPPA computer
codes 391011 The following sections summarize the application of GRESS to TEMP and
the testing and verification of TEMPG, the gradient-enhanced version of TEMP.

APPLICATION OF GRESS TO TEMP

The TEMP code is written to execute on a VAX-11/780 computer. The current ver-
sicn of GRESS must precompile on an IBM Q compiler. Therefore several modifications
to TEMP were necessary for compatibility with GRESS. Characier variables were
changed to REAL or REAL*8 as appropriate. Hollerith strings in ASSIGNMENT and
IF statements were eliminated and replaced with strings defined as variables in DATA
statements. Character strings in write statements were eliminated and put in FORMAT
statemenis. Arithmetic computations in WRITE statements were replaced by variables
previously calculated. IF-THEN-ELSE statements were converted to equivalent logic
using GO TO statements. Variables with more than 6 characters were shortened to 6

characters.

One problem in calculating sensitivities uncovered in the testing of TEMPG concerns

the procedure to determine T given the calculated value of ¢ in the equation

r (1)
¢ = fk(t)dt.
T,

The original procedure to determine T in TEMP (SUBROUTINE CORRECT) was to
make systematic guesses at T until the evaluated integral falls within a given convergence
criteria compared to the known value of ¢. The value of ¢ is calculated in the computer
model and depends upon the problem data. Guessing at T introduces a discontinuity in
that the final value of T is not computationally related to the value of ¢. Hence all
derivatives of T with respect to ¢ and thus with respect to the data were being lost. To
circumvent this problem, we replaced this guessing procedure with a straightforward tech-
nique that accounts for the fact that the derivative of the integral in Eq. (1) can be

evaluated and used to determine a new estimate of T.
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In the new procedure, an initial estimate of T, T;, is calculated based upon ¢. The
integral in Eq. (1) is then calculated to give ¢;. If the value of |¢;— ¢! is within a chosen
convergence range, then the search for T terminates successfully. If not, Eq. (1) is dif-

ferentiated such that

dé (2)
PR 2= T,
ar|, = kv,
and a new estimate of ¢, ¢, 1, can be calculated to first order by
¢
$iv1 = ¢ + ij i(Ti+l — T)).
Setting ¢;+; = ¢, and using Eq. 2, a new estimate of T is given by
Tiv1 = (0= )/k(TH+T,. 3)

The calculation of the integral in Eq. 1 is repeated by setting T = T'*!. This iterative
process is carried out until the convergence criteria is met. Since k(+) increases monoton-
ically in the interval of interest, convergence is guaranteed. Note that now Tit1 is
directly computed from ¢ such that all derivatives are propagated. This procedure also

converges much more rapidly than the original guessing technique.

Only two man-weeks effort was required to modify TEMP, identify and implement the
iterative procedure to calculate T, and to produce the derivative-enhanced version
TEMPG.

TEMPG VERIFICATION

The testing of TEMPG and the verification that first-derivatives are calculated
correctly in TEMPG was performed by comparisons against results from reruns of TEMP.
The sensitivities of 245 different cases were directly compared using Benchmarks 3 and 4
from Ref. 1. Benchmark 3 is a calculation of temperatures from a single Commercial
High Level Waste (CHLW) spent fuel assembly in a medium with temperature dependent
thermal conductivity. Benchmark 4 treats zn infinite array of CHLW spent fuel assem-

blies in a medium with temperature dependent thermal conductivity.



The reference input paramecters for Benchmarks 3 are listed in Table 1. The tempera-
ture is calculated at 14 locations at 10 different times after burial, giving a tota! of 149
temperatures. The TEMPG version calculates gradients and first-order sensitivities of all
variables r; to the input parameters ;. The first-order sensitivitics are defined by
drj a; N . .

——. Since there are 140 temperatures of interest and ten input parameters, the

da: r:
total nuriiber of seasitivities is 1400. These sensitivities were also calculated by directly

r.
rerunning TEMP ten times (by perturbing each parameter +1%), estimating e by

da;
Arj ) drj o ! ' )
A and computing the value of - Tables 2-11 compare the TEMPG sensitivi-
o a; j

J
ties to those calculated by reruns. The good agreement between the sensitivities from

TEMPG and those from direct calculations verifies that the derivatives calculated using
GRESS are correct.

The refererce input parameters for Benchmark 4 are listed in Tabie 12. Becausc the
cost to run the Benchmark 4 sample problem increases significantly for large burial times,
only burial times up to 10 years were used in the verification of derivatives. The tempera-
ture is calculated at 7 locations at 7 differeni times after burial for a total of 49 tempera-
tures. Sensitivities of these 49 temperatures to the twelve input parameters were calcu-
lated by TEMPG and estimated by direct recalculations from reruns. Tables 13-24 com-
pare the 588 GRESS-calculated and directly calculated sensitivities for Benclinark 4. The

good agreement between these sensitivities further verifies that TEMPG correctly calcu-

lates derivatives.

CONCLUSIONS

The TEMP heat transfer code was enhanced by the addition of the capability to calcu-
late the sensitivity of model results to any parameter. The GRESS automated procedure
was used to add this capability in only two man-weeks effort. The sample cases compris-
ing Benchmarks 3 and 4 from the TEMP users manual were used to verify that the deriva-
tives were correctly calculated in the enhanced version of TEMPG. A comparison between
GRESS-calculated sensitivities and sensitivities estimated from direct recalculation from

TEMP showed good agreement for all 189 TEMP cases.



The repository performance assessment will use the TEMP, UCBNEI10.2, and WAPPA
computer models in a series of calculations in which the results and data will be coupled
between these three codes. Immediate future analysis plans are to couple these codes’ sen-
sitivities within this series of calculations using an automated feature of the GRESS
system.'> The result will be sensitivities of the ultimate performance measures of interest
to the most fundamental data. At this point a systematic uncertainty analysis will be per-
formed that takes into account any correlations between the data, thereby reducing the

total calculated uncertainty.!3 As the performance assessment progresses, other computer
models will be included in the analysis.

Table 1. Reference Value of Input Parameters for Benchmark 3

ACOND 1243.89 Thermal conductivity correlation parameter

BCOND 0.126 Thermal conductivity corrglation pagameter
RHO 134.8 Density of geological medium, ll_a/ft
Ccp 0.215 Specific heat of geclogical ms_adlum, Bt;u/lbm— F
TINIT 89.6 Initial temperature of geological medium, F _
MTHM 9.576 Number of meftric tons of heavy metal per cannister
SLEN 12.074 Source length, ft .
TCOOL 10.0 Source decay time before burial, yrs

TXCORD TBUR

(X—coordinate of - . |
calculated temperature, ft) ("lime after burial, yrs)

1.46 0.1
3.281 1.0
6.562 2.0
16.405 5.0
20.014 10.0
32.81 20.0
42.981 30.0
49.215 40.0
65.62 50.0

164.05 75.0

328.1

492.15

656.2

820.25




Table 2. Sensitivity of Temperature to Parameter A
in Conductivity Equation for Benchmark 3

TBUR TXCORD PERT CASE  BASE CASE DIRECT GRESS
0.1000 1.4600 500.6196 504.7993 -0.8280 -0.8361
1.0000 1.4600 572.7834 578.4497 -0.97956 -0.9906
2.0000 1.4600 562.5459 568.1526 -0.9868 ~0.9980
5.0000 1.4600 515.2595 520.2839 ~0.9657 ~-0.9766
16.0000 1.4600 443.6191 A47.7085 -0.9134 ~0.9236
20.0000 1.460C 338.3247 341.0781 -0.8073 -(.8161
30.0000 1.4600 269.8025 27,7324 -0,.7102 -0.7175
40.0000 1.4600 222.,5450 223,9227 ~0.6153 ~0.6215
50,0000 1.4600 192.1340 193,1769 -0.5399 —0.5452
75.0000 1.4600 150.9581 151.5654 ~0.400% -0.4045

0.1000 3.2810 295.6118 297.339% ~0.5811 -0.5860

1.0000 3.2810 356.4844 359.2905 ~0,7810 -0.7892

2,0000 3,2810 354.9370 357.7861 ~0.7963 -0,8047

5.0000 3.2810 333.4961 336.1367 -0.7856 ~-0.7949
10.0000 3.2810 296 .6965 298.92185 ~0.7433 -0.7513
20.0000 3.2810 239,2185 240,7848 ~0.6505 -0.6574
30.0000 3.2810 200,059%4 201.1926 ~0.5632 -0.5692
40.0000 3.2810 173.3117 174.1580 ~0.4859% -0.4907
50.0000 3,2810 154.8255 155.4772 ~0,4192 —(0.4235
75.0000 3.2810 129.1666 129.5553 -0,3000 ~(,3032

0.,1000 6.5620 176.4417 176.9653 -0.2959 ~0.2974

1.0000 6.5620 227.4958 228.7927 -0.5668 -0.5721

2.0000 6.5620 230.2330 231.6078 -0.5936 -0.5594

5.0000 6.5620 222 .4574 223.7904 -0.5957 ~0.6018
10.0000 6.5620 204.8456 206.0081 ~{.5643 -0.5700
20.0000 6.5620 174.9957 175.8511 -0.4864 ~0.4915
30.0000 6.5620 153.6831 154.3201 ~0.4128 ~0.4168
40,0000 6.5620 138.7165 139.2010 -0.3481 -(.3517
50.0000 6.5620 128.1787 128.5579 -0.2950 ~0.2977
75.0000 6.5620 113.2631 113.4935 ~0.2030 ~0.2052

0.10G¢ 16.4050 100.7469 100.7170 0.0297 0.0303

1.0000 16 .4050 133.6571 133.9812 -0.2419 ~0,2437

2.0000 16.4050 138.6866 139.0932 -0.2923 -0.2946

5.0000 16.4050 139.7101 140.1616 ~0.3221 ~0.3249
10.0000 16 .4050 135.0895 135.5139 -0.3132 ~0.3163
20.0000 16.4050 124.7948 125.1309 -0.2686 -0.2710
30.0000 16.4050 116 .6856 116.9465 -0.2231 -0.2251
40.0000 16,4050 110.7210 110.9252 -0.1841 -0.1860
50.0000 16.4050 106.3919 106 .5552 ~0.1533 ~0.1544
75.0000 16.4050 100.0672 100.1687 -0.1013 ~0.1027

0.1000 20.0140 94.7345 94.6978 0.0388 0.039%

1.0000 20,0140 122.1060 122.3215 -0.1762 ~0.1775

2.0000 20,0140 127.2318 127.5260 ~0.2306 -0.2323

5.0000 20.0140 129.2195 129.5654 ~0.2670 ~0.2694
10.0000 20,0140 126.1427 126 .4779 -0.2650 ~-0.2670
20.0000 20,0140 118.,2525 118.5231 -0.2283 -0.2305
30.0000 20.0140 111.8106 112.0232 -0.1898 -0.1915
40.0000 20.0140 107.0039 107.1718 -~0.1567 -0.1581
50.0000 20.0140 103.4842 103.6189 ~0.1300 -0.1312

75.0000 20.0140 98.2943 98.378% ~0,0860 -0.0870



TBUR

0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20,0000
30.0000
40,0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
16.0000
20.0600
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
Z2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40,0000
50.0000
75.0000

TXCORD

32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
42.9810
42,9810
42.9810
42.9810
42.9810
42.9810
42,9810
42.9810
42,9810
42.9810
49.2150
45.2150
49,2150
49.2150
49.2150
49.2150
49.2150
45.2150
49,2150
49,2150
€5.6199
65.6199
65.6199
65.6199
65.6199
65.6199
65.6199
65.6199
65.6199
65.6199
164.0500
164.0500
164.,0500
164.0500
164.0500
164 ,0500
164.0500
164.0500
164.0500
164.0500

Table 2 (Continued)

ERT

89.8253
102.6890
107.3938
110.7655
110.3002
106.5920
103.0892
100.3369

98.2609

95.1052

89.6097

9 .3011
100.3120
103.8463
104.2812
102.1217

99.7341

97.7654

96 .2436

93.8734

89.6010

94.0396

97.559%4
101.1045
101.8210
100.2977

98.3541

9% . 7070

95,4132

93.36867

89.6000

91.0461

93.3132

96.4325

97.6436

97.1150

95.9490

94.8598

93.9638

92.4837

89.6000

89.6001

89.6161

89,9545

90 .6407

91.2772

01.3834

91.2961

91.1465

90.7721

CASE BASE

89.8188
102.7377
107.5017
110.9302
110.4778
106.7469
103.2156
100.4397

58.3443

85.1583

89,6092

96 .3070
100.3595
103.9458
104.3998
102.2328

99.8277

97.8426

96 .3075

93.9153

89,6010

94.0338

97.5860
101.1786
101.9261
100.3911

98,4340

96.7740

95.4692

93.4040

89.6000

91.0348

93.3127

96 .4657

97.6987

97.1767

9 .0051

94.9081

24.0048

92,5121

89.6000

89.6001

89.6155

89.9506

90.6389

51.2832

91.3935

91.3078

91.1584

30.7826

CASE DIRECT

0.0072
-0,0474
~0.1003
-0,1485
~0.1608
~0.1451
~0,1225
-0,1022
~-0.0848
~0.05686

0.0005
~-0.0061
-0,0473
-0,0957
-0.1136
~0.1087
-0.0938
~0.0789
~0.0663
~0.0446

0.0

0.0062
-0.0273
~-0.0732
-0.0933
-0.0930
-0.0812
-0.0692
~0.0587
~0.0399

0.0

0.0124

$.0005
-0.0344
-0.0564
-0.0635
~(,0584
-0.0509
-(.0436
~0.0307

0.0

0.0

0.0007

0.0042

0.0020
-0.0066
~0.0110
~0.0128
~-0.,0131
~0.0116

GRESS

0.0072
-0.0475
~(.1009
~0.1499
-0.1622
-0.1467
~0.1239
~0.1031
-0.0859
~-0.0573
0.0006
-0.0056
-0.0477
-0.0962
-0.1148
~-0.1097
-0.0947
-0.0798
-0.0671
~0.0452
0.0001
0.0061
-0.0269
~0.0740
~0.0941
-0.0937
-0.0821
-0.0698
-0.0590
~0.0401
0.0000
$.0125
0.0010
-0.0344
~-0.0571
-0.0642
-0.0590
~-0.0515
~0.0444
-0.0310
0.0000
0.0000
0.0007
0.0044
0.0021
-0.0066
~0.0112
-0.012%
-0.0132
-0.0117



TBUR

0.1000
1.0000
2,00090
5.0000
10.0000
20,0009
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20,0000
30.0000
40.0000
50,0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000

TXCORD

328.1001
328.1001
328.1001
328.1001
328.1001
328,1001
328.1001
328.1001
328.1001
328.1001
492,1499
492.1499
492.1499
492.,1499
492,1499
492.1499
492.1499
482 .1499
492,1499
492.1499
656 .2000
656 .2000
656.2000
656 ,2000
656 .2000
656.2000
656 .2000
656 .2000
656.2000
656 .2000
820.2500
820.2500
820.2500
820,2500
820,2500
820.2500
820.2500
820.2500
820.2500
820.2500

Table 2 (Continued)

PERT CASE

89.6000
89.6000
82.6000
89.6004
89.6211
83.7560
89.8923
89.2804
90.6259%
90.0359
89.6000
89.6000
89.6000
89.6000
89.6001
89.6080
89.6345
89.669%6
89.7027
89,7561
89.6000
89.6000
89.6000
89.6000
89.6000
89.6002
89.6025
89.6090
89.6190
89.6474
89.6000
89.6000
82.6000
88.6000
89.6000
89.6000
89.6001
89.6008
89.6026
89.6118

BASE CASE

892.6G00
89.6000
82.6000
89.6004
89.6205
89.7544
89.8911
89.9802
80.0266
90.0381
89.6000
89.6000
89.6000
89.6000
89.6001
89.6078
89.6339
89.6687
89.7019
89.7559
89.6000
89.60C00
89.6000
82.6000
82.6000
89.6002
89.6024
89.6087
89.6186
82,6469
89.6000
89.6000
83.6G00
89.6000
89.6000
§9.6000
89.6001
89.6008
89.6025
89.6115

DIRECT
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0
0
0
0

01
03
04
06

01
03

GRESS

0.0
0.0000
0.0000
0.000¢
0.0007
0.001%
0.0014
0.0003
-0.0008
-0.0024
0.0
~0.000C
0.0000C
0.0000
0.000C
0.0003
0.0007
0.0010
0.0008
0.0003
0.0
~0.0000
0.0000
0.0000
0.0000
0.00C0
0.0001
0.0003
0.0004
0.0005
0.0
0.0
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0001
0.0003



Table 3. Sensitivity of Temperature to Parameter B
in Conductivity of Equation for Benchmark 3

TBUR TXCORD PERT CASE  BASE CASE DIRECT GRESS
0.1000 1.4600 504,4822 504.7993 -0.0628 ~-0.0628
1.0000 1.4600 578.0034 578.4497 -0.0772 -0.0772
2.0000 1.4600 567.7141 568.1526 -0.0772 -0.0773
5.0000 1.4600 519.9019° 520.2839 -0.0734 ~0.0736
10.0000 1.4600 447,4099 447.7085 -0.0667 ~-0.0668
20.0000 1.4600 340.8901 341.0781 -0.0551 ~-0.0552
30.0000 1.4600 271.6067 271.7324 -0.0463 ~0.0462
40.0000 1.4600 223.8362 223.9227 -0.0386 -0.0387
50.0000 1.4600 193.11239 193.1769 -0.0331 -0.0331
75.0000 1.4600 151.5290) 151.5654 ~0.0240 ~0.0238
0.1000 3.2810 297.2253 297.3396 -0.0384 ~0.0385
1.0000 3.2810 359.0974 359.2905 ~-0.0537 -0.0540
2.0000 3.2810 357.5896 357.7861 -0.0549 ~0.0550
5.0000 3.2810 335.9570 336.1367 -0.0535 -0,0535
10.0000 3.2810 298.7715 298.9185 -0.0432 ~0.0493
20.0000 3.2810 240.6853 240.7848 -0.0413 -0.0414
30.0000 3.2810 201.1230 201.1926 -0.0346 ~0.0348
40.0000 3,2810 174.1069 174.1580 ~0.0293 ~0.0294
50.0000 3.2810 155.4384 155.4772 -0.0250 ~0.0250
75,0000 3.2810 129.5326 129.5553 -0.0175 -0.0175
0.1000 6.5620 176.933¢8 176 .9653 -0.0178 ~0.0178
1.0000 6.5620 228.,7109 228.7927 -0.0357 ~0.0357
2.0000 6.5620 231.5212 231.6078 -0.0374 -0.0375
5.0000 6.5620 223.7070 223.7904 -0.0372 ~0.0374
10.0600 6.5620 205.9363 206.0081 -0.0349 ~0.0350
20.0000 6.5620 175.7993 175,8511 ~0.0295 ~-0.0294
30.0000 6.5620 154.2819 154.3201 -0.0247 ~0.0245
40.0000 6.5620 1359.1726 139.2010 -0.0204 -0.0204
50.0000 6.5620 128.5358 128.5579 -0.0172 ~0.0171
75.0000 6.5620 113.4803 113.4935 -0.0116 ~0,0117
0.1000 16.4050 100.7187 100,7170 0.0017 0.0016
1.0000 16.4050 133.9623 133.9812 -0.0141 -0.0141
2.0000 16.4050 135.0695 139.0932 ~-0.0170 ~-0.0171
5.0000 16,4050 140.1349 140.1616 ~0.0191 -0.018%
10,0000 16 .4050 135.4894 135.5139 -0.0181 ~0.0183
20.0000 16.4050 125,1115 125.1309 ~0.0155 ~0.0156
30.0000 16,4050 116.9312 116.9465 -0.0131 ~0.0128
40.0000 16.4050 116.9135 110.9252 ~-0.0106 ~0.0105
50.0000 16.4650 106 .5459 106 .5552 -0.0087 ~0.0087
75.0000 16.4050 100.1630 100.1687 -0.0057 ~0.0058
0.1000 20.0140 294.6993 94.6978 0.0022 0.0022
1.0000 20.0140 122.3083 122,3215 ~0.0100 ~0.0102
2.0000 20.0140 127.5088 127.5260 ~0,0135 -0.0134
5.0000 20.0140 129.5455 129.5654 -0.0154 ~-0.0155
10.0000 20.0140 126 .4583 126.4779 ~0.0155 -0.0153
20.0000 20.0140 118.5077 118.5231 ~-0.0130 -0.0132
36.0000 20,0140 112.0110 112.0232 -0.0109 ~0.0109
40,0000 20.0140 107.1621 107.1718 ~0.0091 -0.0089
50.0000 20.0140 103.6112 103.6189 -0.0074 -0.0074

75.0000 20.0140 98,3741 98.3789 ~-0.0049 -0.0049



TBUR

0.1000
1.0000
2.0000
5.000¢
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.00060
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30,0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000

TXCORD

32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
42.9810
42.9810
42,9810
42.9810
42.9810
42.9810
42,9810
42.9810
42.9810
42.9810
49,2150
49.2150
49,2150
49.2150
49.2150
49.2150
49.2150
49.2150
49.2150
49.2150
65.6199
65.6199
65.6159
65.6169
65.6199
65.6199
65.619%
65.6199
65.6199
65.6199
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
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Table 3 (Continned)

PERT CASE

89.8191
102.7350
107.4955
110.9207
110.46 80
106.7384
103.2084
100.4340

98.339%

95.1559

89.6092

9 .3064
100.3568
103.9405
104.3933
102.2266

99.8225

97.8381

96 .3040

93.9132

89.6010

94.0339

97.5842
101.1745
101.9208
100.3858

98.4298

96.7701

95.4661

93,4019

89.6000

91.0355

93.3128

96.4636

97.6956

97.1734

96 .0020

94.9053

94.0028

92.5105

89.6000

89.6001

89.6155

89.9508

90.6390

91.2829

91.3930

91.3072

91.1578

90.7820

BASE C(ASE

89.8188
102.7377
107.5017
110.9302
110.4778
106.7469
103.2156
100.4397

98.3442

95.15%3

89.6092

96.3070
100.3595
103.9458
104.3998
102.2328

95.8277

97.8426

96.3075

93.9153

89.6010

94.0338

97.5860
101.1786
101.9261
100.3911

98.4340

96.7740

95.4692

93.4040

89.6000

91.0348

93.3127

96.4657

97.6987

97.1767

96.0051

94.9081

94.0048

92.5121

89.6000

89.6001

89.6155

89.9506

90.6389

91.2832

91.3935

91.3078

91.1584

90.7826

DIRECT

0.0003
-0.0026
-0.0058
~0.,0086
~-0.0089
~0,0080
~-0.0070
~0.0057
~0.,0048
~0.0036

0.0
~0.0006
~0.0027
~0.0051
~0.0062
-0.0061
-0.0052
~0.0046
-0.0036
-0.0022

0.0

0.0001
~0.0018
~-0.0041
-0.0052
-0.0053
-0.0043
~-0.0040
-0.0032
-~0.0023

0.0

0.0008

0.0001
-0.0022
~0.0032
~0.0034
~0.0032
-0.0029
~0,0021
-0.0017
0.0
0.0
0.0

0.0002

0.0001
~0.,0003
~0,0005
~0.0007

-0.0007
-0.0007

GRESS

0.0004
~0.0027
-0.0057
-0.0085
~-0.0092
-0.0083
~0.0070
-0.0058
~(0,0048
~-0.0032

0.0000
-0.0003
-0.0027
~0.0054
~0.0065
~0.0062
~0.0053
~-0.0045
-0.0038
~0.0025

0.0000

0.0003
-0.0015
~0.0042
~0.0053
~-0.0053
-0.0046
~0.0039
-0.0033
~0.0022

0.0000

0.0007

0.0000
-0.0019
~0.0032
-0.0036
~0.0033
-0.0023
-0.0025
~-0.0017

0.0000

0.0000

0.0000

0.0002

0.0001
-0.0004
~0.0006
~0.0007
~0.0007
-0.0006
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Table 3 (Continued)

TBUR TXCORD  PERT CASE BASE (ASE DIRECT GRESS
0.1000 328.1001 89.6000 89.6000 0.0 0.0
1.0000 328.1001 89.6000 89.6000 0.0 0.0000
2.0000 328.1001 89.6000 89.6000 0.0 0.0000
5.0000 328.1001 89.6004 89.6004 0.0 0.0000

10.0000 328.1001 89,6205 89,6205 0.0 0.0000
20.0000 328.1001 89,7545 89,7544 0.0001 0.0001
30.0000 328.1001 89.8812 89,8911 0.0001 0.0001
40.0000 328.1001 89,9802 89.9802 0.0 0.0000
50.0000 328.1001 90.0266 90.0266 0.0 -0.0000
75.0000 328.1001 90.0379 90,0381 ~-0.0002 ~0.0001
0.1000 492.1499 89,6000 89.6000 0.0 0.0
1.0000 492.14998 89.6000 89.6000 0.0 =0.0000
2.0000 492,1499 89.6000 89.6000 0.0 0.0000
5.0000 492.1499 89.6000 89.6000 0.0 0.0000
10.0000 492.1499 89.6001 89.6001 0.0 0.0000
20.0000 492.1499 89.6078 89.6078 0.0 0.0000
30.0000 492,1499 89.6339 89.6339 0.0 0.0000
40.0000 492.1499 89.6687 89.6687 0.0 0.0001
50.0000 492.1499 89.7019 89.7019 0.0 0.0001
75.0000 492,1499 89.7559 .89.7559 0.0 0.0000
0.1000 656 .2000 89.6000 89.6000 0.0 0.0
1.0000 656 .2000 89.6000 89.6000 0.0 ~0.0000
2.0000 656.,2000 89.6000 89.6000 0.0 0.0000
5.0000 656 .2000 89.6000 89.6000 0.0 0,0000
10.0000 656 .2000 89.6000 89.6000 0.0 0.0000
20.0000 656 .2060 89.6002 89.6002 0.0 0.0000
30.0000 656 .2000 89.6024 89.6024 0.0 0.0000
40.0000 656.2000 89.6088 89.6087 0.0001 0.0000
50.0000 656 .2000 89.6186 89.6186 0.0 0.0000
75.0000 656.2000 89.6469 89.6469 0.0 0,0000
0.1000 820.2500 89.6000 89.6000 0.0 0.0
1.0000 820.2500 89.6000 89.6000 0.0 0.0
2.0000 820.2500 89.6000 89.6000 0.0 0.0000
5.0000 820.2500 89.6000 89.6000 0.0 0.0000
1C.0000 820.2500 89.6000 89.6000 0.0 0.0000
20.0000 820.2500 89.6000 89,6000 0.0 0.0000
30.0000 820.2500 89.6001 89.6001 0.0 0.0000
40,0000 820.2500 89.6008 89.6008 0.0 0.0000
50.0000 820.2500 89.6025 89,6025 0.0 0.0000
75.0000 820.2500 89.6116 89,6115 0.0001 0.0000



TBUR

0.1000
1.0000
2.0000
5.,0000
10.0000
20.0000
30.0000
40.0000
5G.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2,0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.000G
40.0000
50.0000
75.06000
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Table 4. Sensitivity of Temperature to Density
of Geological Medinm for Benchmark 3

TXCORD  PERT CASE

1.4600
1.4600
1.4500
1.4500
1.46900
1.45600
1.4600
1.4600
1.45600
1.4500
3.2810
3.2810
3.2810
3.2810
3.2810
3.2810
3.2810
3.2810
3.2810
3.2810
.5620
6.5620
6.5620
6.5620
6.5620
6.5620
6.5620
6.5620
6.5620
6.5620
16.4050
16.4050
16.4050
16.4050
16.4050
16.4050
16 .4050
16.4050
16.4050
16.4050
20.0140
20.0140
20.0140
20.0140
20.0140
20.0140
20.0140
20.0140
20.0140
20.0140

504.1487
578.2275
568.0058
520.211¢
447.6758
341.0706
271.7317
223.9162
193.1719
151.5634
256 .8584
359,1196
357.8726
336.0791
298.8916
240.7780
201.1921
174.15%%
155.4753
129.5578
176.6129
228.6527
231.5137
223.7414
205.2843
175.8446
154.31%0
139.,2030
128.5538
113.495¢8
100.5738
133.8708
139.01439
140.1183
135.4918
125.1240
116.9447
110.9259
106 .5567
100.1707
94.607%2
122.2182
127.4504
129.5232
126 .4556
118.5155
112.0218
107.1722
103.6207
98.3812

BASE CASE

504.7993
578.4497
568.1526
520,2839
447.7085
341.0781
271.7324
223.9227
193.1769
151.5654
287.3396
359,2905
357.7861
336.1367
298.9185
240,7848
201.1926
174.1580
155.47772
129.5553
176.9653
228.7927
231.6078
223.7904
206 .0081
175.8511
154.3201
13%.2010
128.5579
113.4935
100.7170
133.9812
139.0832
140.1616
135.5139
125.1309
116 .8465
110.9252
106 .5552
100.1687
94.6978
122.3215
127.5260
129.5654
126 .4779
118.5231
112.0232
107.1718
103.6189
98.3789

DIRECT

~0.128%
~(.0384
~0,0257
~0.0138
~0,0073
-0.0022
~0.,0003
~-0.0029
~0.0026
~0.0013
-0.1618
-0.0476
-0.0317
-0.0171
~0.0090
-0.0028
~0,0003

0.0009

0.0017

0.001¢
~-0.1991
~0.0612
—0.0406
~0.0219
~0.0116
-0,0037
-0.0007

0.0014

0.0016

0.0021
-0.1421
~0,0824
~0.0563
~-0.0309
—0.0163
~0.0055
-0.0015

0.0006

0.0014

0.0020
~-0.0942
-0.0845
~0.0593
-0.0326
-0.0176
-0.0064
-0.0012

0.0004

0.0017

0.0023

GRESS

~0.1292
-0.0385
~0.0257
~{.0138
-0.0073
-0.0023
-0.0002
~0.0030
—0.0023
~0.0014
-0.15625
-0.0478
~0.0318
-0,0171
-0.,003%
-0.0023
—(1.0002

0.0011

0.0017

0.001¢9
~0.2000
~0.0613
~-0.0408
~0.0219
-0,0116
~-0.0038
-0,0005

0.0011

0.0018

0.0020
~0.1434
~0.0827
-0.0565
~0.0308
~0.0165
~-0.0057
~-0,0012

0.0008

0.0017

0.0020
~0.0958
-0.0850
-0.05%3
~0.0328
~-0.0177
~0.0062
-0,0015

0.0006

0.0016

0.0020



TBUR

10.1000
1.0000
2.0000
5.0000

10.0000

20.0000

30,0000

40.0000

50.0000

75.0000
0.1000
1.0000
2.0000
5.0000

10.0000

20,0000

30.0000

40,0000

50.0000

75.0000
0.1000
1.0000
2.0000
5.0000

10.0000

20.0000

30.0000

40.0000

50.0000

75.0000
0.1000
1.0000
2.0000
5.0000

10.0000

20,0000

30.0000

40.0000

50.0000

75.0000
0.1000
1.0000
2.0000
5.0000

10.0000

20.0000

30.0000

40.0000

50.0000

75.0000

TXCORD

32,8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
42.9810
42.9810
42.9810
42.9810
42,9810
42.9810
42.9810
42.9810
42.9810
42.9810
49.2150
49.2150
49.2150
49.2150
49,2150
49.2150
49.2150
49.2150
49.2150
49.2150
65.6199
65.6199
65.6199
65.6199
65.6199
65.6199
65.6199
65.6199
65.6199
65.6199
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
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Table 4 (Continued)

PERT (ASE

89.8099
102.6574
107.4357
110.8897
110.4551
106.7387
103.2130
100.4396

98.3455

95.1611

89.6086

96 .2458
100.3021
103.9071
104.3771
102.2236

99.8244

97.8419

96.3084

93.9168

89.6009

93.9835

97.5333
101.1410
101.9032
100.3812

98.4304

96.7732

95.4696

93.4052

89.6000

91.0088

53.2746

96.4319

97.6763

97.1665

96 .0006

94.9069

94.0051

92.5132

89.6000

89.6001

89.6147

89.9429

90.6266

91.2728

91.3864

91.3032

91.1556

90.7820

BASE CASE

89.8188
102.7377
107.5017
110.9302
110.4778
106.7469
103.2156
100.4397

98.3443

95.1593

89.6092

96.3070
100.3595
103.9458
104.3998
102.2328

99.8277

97.8426

96.3075

93.9153

89.6010

94.0338

97.5860
101.1786
101.9261
100.3911

98.4340

96 .7740

95.4692

93.4040

89.6000

91.0348

93.3127

96 .4657

97.6987

97.1767

96.0051

94.9081

94.0048

92.5121

89.6000

89.6001

89.6155

89.9506

90.6389

91.2832

91.3935

91.3078

91.1584

90.7826

DIRECT

-0.0099
-0.0782
-0.0614
-0.0365
-0.0206
-0.0077
-0.0025
-0.0001
0.0012
0.0019
-0.0007
~-0.0635
-0.0572
-0.0372
-0.0217
-0.0090
-0.0033
-0.0007
0.0009
0.0016
-0.0001
~0.0535
~0.0540
-0.0372
-0.0225
-0.0099
-0.0037
~-0.0008
0.0004
0.0013
0.0
-0.0286
-0.0408
-0.0350
-0.0229
-0.0105
~-0.0047
-0.0013
0.0003
0.0012
0.0
0.0
-0.0009
-0.0086
-0.0136
-0.0114
-0.0078
-0.0050
-0.0031
-0.0007

GRESS

-0.0101
-0.0783
-0.0615
~0.0367
-0.0206
-0.0079
-0.0026
~0.0000

0.0012

0.0018
-0.0007
-0.0641
~-0.0578
-0.0376
~-0.0220
-0.0089
-0.0033
~0.0006

0.0008

0.0016
-0.0001
-0.0538
-0.0539
~0.0374
-0.0226
~0.0095
-0.0037
~0.0009

0.0005

0.0015
-0.0000
-0.0289
-0.0410
-0.0353
-0.0232
-0.0107
-0.0048
~0.0018
~0.0001

0.0012
~0.0000
-0.0000
~-0.0009
~-0.0086
~0.0137
-0.0115
-0.0078
-0.0050
-0.0031
-0.0007



TBUR

0.1000
1.6000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000

TXCORD

328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
328,1001
328.1001
492.1499
492.1498
492.1499
492,1499
492,1499
492.1499
492.1499
492.1499
492.1499
492.1499
656 .2000
656.2000
656 .2000
656.2000
656.2000
656 .2000
656 .2000
656 .2000
656 .2000
656.2000
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
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Table 4 (Continued)

PERT CASE

89.6000
89.6000
89.6000
89.6004
89.6196
89.7511
89.8869
89.9761
90.0231
50.0360
89.6000
89.6000
89.6000
89.6000
89.6001
89.6074
89.6328
89.6671
89.7000
89.7541
89.6000
89.6000
89.6000
89.6000
89.6000
89.6002
89.6023
89.6084
89.6180
89.6459
89,6000
89.6000
89.6000
89.6000
89.6000
89.6000
89.6001
89.6007
89.6024
89.6112

BASE CASE

89.6000
89.6000
89.6000
89.6004
89.6205
89.7544
89.8911
89.9802
90.0266
90.0381
89.6000
89.6000
89.6000
89.6000
89.6001
89.6078
89.6339
89.6687
89.7019
89.7559
89.6000
89.6000
89.6000
89.6000
89.6000
89.6002
89.6024
89.6087
89.6186
89.6469
89.6000
89.6000
89.6000
89.6000
89.6000
89.6000
89.6001
89.6008
89.6025
89.6115

-~0.0004
-0.0012
-0.0018
-0.0021
-0.0020

-0.0001
-0.0001
-0.0003

GRESS

0.0
-0.0000
~0.0000
-0.0000
-0.0003
-0.0037
~0.0047
-0.0045
-0.0039
—~0.0023

0.0

0.0000
-0.0000
-0.0000
~0.0000
-0.0004
-0.0012
-0.0018
-0.0021
-0.0020

0.0

0.0000
-0.0000
-0.0000
-0.0000
-0.0000
~0.0001
-~0.0004
-0.0007
~0.0011

0.0

0.0
-0.0000
~0.0000
~0.0000
~0.0000
-0.0000
~0.0001
~0.0001
-0.0004
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Table 5. Sensitivity of Temperature to Specific Heat
of Geological Medium for Benchmark 3

TBUR TXCORD  PERT CASE  BASE CASE DIRECT GRESS
0.1000 1.4600 504.1487 504.7993 ~0,1289 ~0.1292
1.0000 1.4600 578.2275 578.4497 ~0.0384 -0.0385
2.,0000 1.4600 568.0068 568.1526 -0.0257 ~-0.0257
5,0000 1.4600 520.2119 520.283%9 ~0.0138 ~0.0138

10.0000 1.4600 447 .6758 447,7085 -0.0073 ~0.0073
20,0000 1.4600 341.0706 341.0781 -0.0022 -0.0023
30.0000 1.4600 271.7317 271.7324 -0.0003 -0.0002
40.0000 1.4600 223.8162 223.9227 -0.0029 ~-0.0030
50,0000 1.4600 193.1719 1832.1769 ~(.0026 -0.0023
75.0000 1.4600 151.5634 151.5654 ~0.0012 ~0.0014

0.1000 3.2810 296 .8584 297.339%6 ~(.1618 ~0.1625
1.0000 3.2810 359.1196 359,2905 ~0.0478 ~-0.0478
2.0000 3,2810 357.6726 357.7861 -0.0317 -0.0318
5.0000 3.2810 336.0791 336.1367 ~0.0171 ~0.0171

10.0000 3.2810 298.8916 298.,9185 ~-0.0090 ~0.0091
20.0000 3.2810 240.,7780 240.,7848 ~-0.0028 ~0.0029
30.0000 3.2810 201.,1921 201.1926 -0.0003 -0.0002
40.0000 3.2810 174.159% 174.1580 0.0009 0.0011
50.0000 3.2810 155.4799 155.4772 0.0017 0,0017
75.0000 3.2810 128.5578 129.5553 0.0019 0.0019
0.1000 6.5620 176 .6129 176.9653 -0.1991 ~0.2000
1.0000 6.5620 228.6527 228.7927 ~0.,0612 -0.0613
2.0000 6.5620 231.5137 231.6078 ~0.,0406 ~0.0408
5.0000 6.5620 223.7414 223.73904 -0.0219 -0.0219
10.0000 5.5620 205.9843 206.008% -0,011¢ ~3.0116
20,0000 6.5620 175.8446 175.8511 ~0.,0037 ~0.0038
30.0000 6.5620 154.31%0 154.,3201 ~0.,0007 ~0.0005
40.0000 6.5620 139.2030 133.2010 4.0014 G.0011
50.0000 5.5620 128.5599 128.5579 0.0016 (.0018
75.0000 6.5620 113.4959 113.4935 0.0021 0.0020

0.1000 16.4050 100.573% 160.7170 -0.1421 ~0,1434
1.0000 16 .4050 133.8708 133.9812 ~0.0824 ~0.0827
2.0000 16.4050 139.014% 13%.0932 ~0.0563 ~0.0565
5.0000 16.4050 140.1183 140.1616 ~0.0309 ~0.0308

10.0600 16.4050 135,4918 135.5139 ~0.0163 ~0.0165
20.0000 16.4050 125.1240 125.1309 ~0.0055 ~0.0057
30.0000 16.4050 116.9447 1316.9465 ~,0015 -0.0012
40.0000 16 .4050 110.9259 110.9252 0.0006 0.0008
50.0000 16.4050 106 .5567 106 .5552 4.0014 0.0017
75.0000 16.4050 100.1707 100.1687 0.602¢ 0.0020

0.1000 20.0140 94.6073% 94.65978 -0.0949 -0.0958
1.0000 20.0140 122.2182 122.3215 ~0.0845 ~0.0850
2.0000 20.0140 127.4504 127.5260 ~0.0593 ~0.0593
5.0000 20.0140 129.5232 126.5654 ~{,0326 ~-0.0328

10.0000 20.0140 126 .4556 126.4779 ~0.0176 ~-0.0177
20,0000 20.0140 118.5155 118.5231 -0.0064 ~0.0062
30.0000 20.0140 112.0218 112.0232 ~0.0012 ~0.0015
40.0000 20.0140 107.1722 107.1718 0.0004 0.0006
50.0000 20.0140 103.6207 103.,6189 0.0017 0.0016

75.0000 20.0140 98.3812 98.3789 0.0023 0.0020




THBUR

0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40,0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0G00
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50,0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000C
1.0000
2.0000
5.0000
10.0000
20.6000
30.0000
40.0000
50.0000
75.0000

TZCORD

32,8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
42.9810
42 .9810
42.9810
42,9810
42.9810
42.9810
42.9810
42.9810
42.9810
42.9810
45,2150
45,2150
49,2150
49,2150
49,2150
49,2150
49,2150
42,2150
49.2150
49,2150
65.6129
65.6199
65.619¢
65.619¢
65.619¢
65.6199
65.6199
65.619¢
65.6199
65.6199
164.0500
164.0500
164.0500
164.0500
164.05G0
164.0500
164.0500
164.0500
164.0500
164.0500
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Table 5 (Continned}

PERT CASE

89.8099
102.6574
107 .4357
110.8837
110.4551
106 .7387
103.2130
100.4395

98.3455

95.1611

89.6086

96.2458
100.3021
103.8071
104.3771
102.2236

99.8244

97.8419

96,3084

93.9168

89.6C09

93.9835

97.5333
101.1410
101.9032
100.3812

98.4304

96.7732

85,4656

93.4052

89.6000

91.0088

93.2745

96.4319

97.6763

97 .1665

96 .0006

94,9069

94.0051

92.5132

89.6000

89.6001

89.6147

89.942%

90.6266

91.2728

91.3864

91.3032

91.155%%

90.7820

BASE CASE

89.8188
102.7377
107.5017
110.9302
110.4778
106.7462
103.21.56
100.4397

98.3443

95.1593

89.6092

96.3070
100.3595
103.3458
104.3998
102,2328

99,8277

97.8426

96.3075

93.9153

89.6010

94,0338

97.5860
101.1786
101.9261
100.3911

98.4340

96.7740

95.4692

93.4040

§9.6000

91.0348

93.3127

95 .4657

97.6987

97.1767

96 .0051

94.9081

94.0048

92.5121

89.6000

89.6001

89.6155

89.9506

%0.6389

91.2832

©1.3935

91.3078

91.1584

90.7826

DIRECT

-0.0099
-0.0782
-0.0614
-0.,0365
~-0.0206
~0.,0077
~0.,0025
~0.0001
0.0012
0.0019
-0.0007
~0.,0635
~0.0572
-0.0372
-0.0217
-0.0020
~0.0033
-0,0007
0.003°
0.0016
-0.0001
~0.0535
-0.0540
~0.0372
~0.0225
-0.0099
-0.0037
~(0.0008
0.0004
0.0013
0.0
-0.0286
~0.0408
~0.0350
~-0.0229
-0.0105
-0.0047
-0.0013
0.0003
0.0012
0.0
0.0
~0.0009
—0.0086
~0.0136
-0.0114
-0.,0078
-0.0050
-0.0031
~0,0007

GRESS

~-0.0101
~0.0783
~0.0615
~0.0367
-0.0206
~0.0079
-0,0026
~0.0000

0.0012

0.0018
~0,0007
~0.0641
-0.0578
-0.0378
-0.0220
~0.0089
-0,0033
~-0.0006

0.0008

0.0016
~-0.0001
~0.0538
~0.0539
-0.0374
~0.0226
-0.00%5
~0.0037
~0.0009

0.0005

0.0015
~0.0000
~0.028%
-0.0410
-0.0353
~0.0232
-0.0107
~0.0048
-~0.0018
~0.0001

0.0012
~0.0000
~0.0C00
~0.0009
~0.0086
~0.0137
-0.0115
~0.0078
~0.0050
~0.0031
-0.0007
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Table 5 {Continued)

TBUR TXCORD  PERT CASE BASE CASE DIRECT GRESS
0.1000 328.1001 89.6000 89.6000 0.0 0.0
1.0000 328.1001 89.6000 89.6000 0.0 -0.0000
2.0000 328.1001 §9.6000 89.6000 0.0 -0.0000
5.0000 328.1001 89.6004 89.6004 0.0 ~0.0000

10.0000 328,1001 £9.6196 89.6205 -0.0010 ~0.0009
20.0000 328,1001 89,7511 89.7544 -0.0037 ~0.0037
30,0000 328.1001 89,8869 89.8911 ~0.0047 ~-0.0047
40.0000 328.1001 89.9761 89,9802 -0.0045 -0.0045
50.0000 328.1001 90,0231 90.0266 -0.0039 ~0.0039
75,0000 328.1001 90,0360 90.0381 -0.0023 ~0.0023
0,1000 492,1499 89.6000 89,6000 0.9 0.0
1.0000 492,1499 89.6000 89.6000 0.0 0.0000
2.0000 492.,1459 89.6000 89.6000 0.0 ~0.0000
5.0000 452.149% 89,6000 89.6000 0.0 -0.0000
10.0000 492.1499 89.6001 85,6001 0.0 -0.0000
20.0000 492,1499 89.6074 89.6078 ~0.0004 -0.0004
30.0000 452 .1499 89.6328 89.6332 -0.0012 ~0.0012
40.0000 492.1499 89.6671 89.6687 ~0.0018 -0.0018
50,0000 492.1499 89.7000 89.7019 ~0.0021 -0.0021
75.0000 492.1499 89,7541 89.7559 ~0.0020 ~0.0020
0.1000 656.2000 89.6000 89.6000 0.0 0.0
1.0000 656 .2000 89.5000 89.6000 0.0 0.0000
2.0000 656 .2000 89.6000 89.6000 0.0 ~0.0000
5.0000 656 .2000 89.6000 85.6000 0.0 ~0.00800
130.0000 656 .2000 89.5000 8%.6000 0.0 ~-0.0000
20.0000 656 .2000 82.6002 89.6002 0.0 ~0.0000
30.0000 656 .2000 89,5023 89.6024 -0.0001 ~0.0001
40.0000 656 .2000 89.6084 89.6087 ~0.0003 ~0,0004
50.0000 656 .2000 89.6180 8%.6186 -0.0007 ~0.0007
75.0000 656 .2000 89.6459 89.6469 ~0.0011 ~0.0011
0.1000 820.,2500 89.6000 89.6000 0.0 0.0

1.0000 820.2500 89.6000 89.6000 0.0 0.0
2.0000 820.2500 89.6000 89.6000 0.0 ~0.0000
5.0000 820.,2500 89.6000 89.6000 0.0 ~0.0000
10.0000 820.2500 89.6000 89.6000 0.0 ~0.0000
0.0
0.0

20.0000 820.2500 89.6000 89.6000 -0.0000

30.0000 £820.2500 89.6001 89.6001 . -0.0000
40.0000 820.2500 89.6007 89.6008 -0.0001 -0.0001
50.0000 820.2500 89.6024 89.6025 -0.0001 -0.0001

75.0000 820.2500 89.6112 89.6115 ~0.0003 -0.0004
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Table 6. Sensitivity of Temperature to Initial Temperature
of Geological Medium for Benchmark 3

TBUR TXCORD  PERT (ASE  BASE CASE DIRECT GRESS
0.1000 1.4600 506 .2141 504.7923 0.2803 0.2803
1.0000 1.4600 580.0337 578.4497 0.2738 0.2739
2.0000 1.4600 569.7328 568.1526 0.2782 0.2783
5.0600 1.4600 521.8079 520.283% 0.2929 0.2930

10.0000 1.4600 449.1340 447.7085 0.3184 0.3185
20.0000 1.4600 342.3521 341.0781 0.3735 0.3736
30.0000 1.4600 272.9050 271.7324 0.4315 0.4315
40,0000 1.4600 225.0229 223.9227 0.4913 0.4912
50.0000 1.4500 194.2306 193.176% 0.5455 0.5455
75.0000 1.4500 152,5561 151.5654 0.6537 0.6538
0.1000 3.2810 298.4771 297.3396 0.3825 0.3825

1.0000 3.2810 360.5671 359.2905 0.3553 0.3552
2.0000 3.2810 359.0691 357.7861 0.3585 0.3585
5.0000 3.2810 337.39%0 336.1367 0.3745 0.3747

10.0000 3.2810 300.1274 288.02185 0.4045 0.4044
20.0000 3.2810 241.9104 240.7848 0.4675 0.4673
30.00060 3.2810 202.258]1 201.1926 0.5301 0.5301
40.0000 3.2810 175.1839 174.1580 0.5891 0.58921
50,0000 3.2810 156 .4750 155.4772 0.6418 0.6416
75.0000 3.2810 130.5134 129.5553 0.7395 0.7394
0.1000 6.5620 177.9406 176.9653 0.5511 0.5513
1.0000 6.5620 229.879% 228.7827 0.4751 0.4750
2.0000 6.5620 232.7060 231.6078 0.4742 0.4741
5.0000 6.5620 224.8840 223.7904 0.4887 0.4885
10.0000 6.5620 207.0783 206,0081 0.5195 0.5195
20,0000 6.5620 176.8783 175.8511 0.5841 0.5841
30.0000 6.5620 155.3152 154.3201 0.6448 0.6449
40.0000 6.5620 140.1739 139.2010 0.6989 0.6986
50.0000 6.5620 129.5140 128.5579 0.7437 0.7439
75.0000 6.5620 114,4265 113.4835 0.8221 0.8222
0.1000 16.4050 101.6076 100.7170 .8843 0.8845
1.0000 16.4050 134.9282 133.9812 0.7068 0.7070
Z.0000 16.4050 140.0533 132.0932 0.6903 0.6802
5.0000 16.4050 141.1284 140.1616 0.6898 0.6900
10.0000 16 .4050 136.4770 135.5139 0.7107 0.7108
20.0000 16 .4050 126.0808 125.1308 0.7551 0.7585
30.0000 16 .4050 117.8841 116.9465 0.8017 0.8020
40.0000 16 .4050 111.8541 110.9252 0.8374 0.8375
50,0000 16 .4050 107.4775 106 .5552 0.8655 0.8657
75.0000 16 .4050 101.0813 100.1687 0.9111 0.,9111
0.1000 20.0140 95.5875 94.6978 0.9395 0.9397
1.0000 20.0140 123.2523 122.3215 0.7609 0.7606
2.0000 20.0140 128.4687 127.5260 0.7392 0.7393
5.0000 20.0140 130.5163 129.5654 0.7339 0.7340
10.0000 20.0140 127.4269 126 .4779 0.7503 0.7506
20,0000 20.0140 119.4627 118.5231 0.7928 0.7926
20.0000 20.0140 112.9538 112.0232 0.8308 0.8305
40.0000 20.0140 108.0948 107.1718 0.8612 0.8614
50.0000 20.0140 104.536° 103.6189 0.8859 0.8858

75.0000 20.0140 99.2888 98.3789 0.9248 0.9249



TBUR

0.1000
1.0000
2.0000
5.0000
10.0000
20,0000
30.0000
40,0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30,0000
40.0000
50.0000
75,0000
0.1000
1.0000
2.0000
5.0000
10.00060
20,0000
30.0000
40.0000
50,0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000

TXOORD

32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
42,9810
42.9810
42.9810
42.9810
42.9810
42.9810
42.9810
42.9810
42.9810
42.9810
49,2150
49,2150
49.2150
49.2150
49.2150
49,2150
49.2150
49.2150
49,2150
49.2150
65.6159
65.6199
65.6199
65.6199
65.6199
65.61599
65.6199
65.6129
65.6199
65.6199
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
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Table 6 (Ceontinued)

PERT CASE

90.7137
103.6414
108.4152
111.8529
111.4026
107 .6684
104.1323
101.3525

99.2540

9 .0639

90.5051

97.2038
101.,2634
104.8581
105.3151
103.1471
100.7392

98.7515

97.2140

94.8181

90.4970

94,9286

98.4859
102.0867
102.8378
101.3020

99.3433

97.6807

96 .3740

94.3060

90.4960

91.9290

94,2086

97 .3671

98.6037

98.0826

96.9101

95,8119

94.9077

93.4127

90.4%60

90.4951

90.5114

90.8459

91.5346

92.1802

92,2912

92,2058

92.0564

91.6804

B2ASE CASE

89.8188
102.7377
107.5017
110.9302
110.4778
106.7469
103.2156
100.4397

98.3443

95,1593

89,6092

96.3070
100.3595
103.,9458
104.3998
102,2328

99,8277

97.8426

9% .3075

93.9153

89.6010

94,0338

97.5860
101.1786
101.9261
100.3911

98.4340

9 .7740

95,4692

93.4040

89.6000

91.0348

93.3127

96 .4657

97.6987

97.1767

% .0051

94.9081

94,0048

92.5121

89.6000

89.6001

89.6155

89.9506

90.6389

91.2832

91.3935

91.3078

91.1584

90.7826

DIRECT

0.9963
0.879%
0.8498
0.8318
0.8371
0.8633
0.8881
0.9088
0.9250
0.9506
0.9998
0.9312
0.9007
0.8777
0.8767
0.8943
0.9131
0.9289
0.9413
0.9613
1.0000
0.9516
0.9222
0.8975
0.8945
0.9074
0.9238
0.936%
0.9477
0.9657
1.0000
0.9823
0.9601
0.5344
0.9263
0.9322
0.9427
0.9523
0.9605
0.9735
1.0000
1.0000
0.2997
0.9953
0.9882
0.9827
0.9822
0.9835
0.9851
0.9890

GRESS

0.9964
0.8798
0.8497
0.8317
0.8370
0.8629
0.8880
0.5087
0.9250
0.9509
0.99298
0.931z
0,9004
0.8775
0.8767
0.8941
0.8129
0.9287
0.9412
0.9614
1.0000
0.9518
0.9225
0.8974
0.8942
0.9076
0.9235
0.9372
0.9481
0.9658
1.0000
0.9822
0.9600
0.9344
0.9263
0.9324
0,9428
0.9524
0.9604
0.9736
1.0000
1.0000
0.9997
0.9954
0.9882
0.9826
0.9822
0.9834
0.9851
0.9889



TBUR

0.
1.
2.
5.
10.
20.
30.
40,
50.
75.
0.
1.
2.
20.
30.
40.
50.
75.
0.
1.
2
5
10.
20.
30.
40,
50.
75.
0.
1.
2.
5.
10.
20.
30.
40.
50.
75.

1000
0000
0000
0000
0000
0000
0000
0000
0000
0000
1000
0000
0000
0000
0000
0000
0000
0000
1000
0000

.0000
.0000

0000
0000
0000
0000
0000
0000
1000
0000
0000
0000
0000
0000
0000
0000
0000
0000

TXCORD

328,1001
328.1001
328.1001
328.1001
328.1001
328.1001
328.,1001
328.1001
328.1001
328.1001
492.1499
492.1499
492.1499
492 ,1499
492 .1499
492.1499
492.1458
492.1499
656.2000
656.2000
656.2000
6§56 .2000
656 .2000
656 .2000
656.2000
656 .2000
656 .200G
656 .2000
820,2500
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
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Table 6 (Continued)

PERT CASE

90.4950
90.4959
90.49¢0
90.49¢4
90.5164
90.6501
90.7863
50.8761
30.9228
50.9344
90.4950
90,4960
50.4960
80,5038
80.5298
90 .56 46
90.5978
20.6519
20.4950
90.49%¢

00.4959
90 .49690
90.4960
90,4962
90.4984
80 .5047
90,5145
90.5428
90.4%60
90,4560
90.4960
90.4950
80.4850
90.4950
90,4961
90,4957
90,4985
90.5075

BASE CASE

89.6000
82.6000
82.6000
89.6004
89.6205
89.7544
89.8911
89.9802
90.0266
20.0381
89.6000
82.6000
89.6000
89.6078
89.6339%
89.6687
89.7019
89.755%
89.6000
89.6000
89.6000
89.6000
89.6000
89.6002
82.6024
89.6087
89.6186
89.646°
89.6000
89.6000
89.6000
89.6000
89.6000
89.6000
89.6001
89.6008
89.6025
89.6115

1.0000
1.0000
1.0000
1.0000
0.999%
0.9997
0.9994
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
0.999°
1.000C
0.2999

GRESS

1.0080
1.0000
1.0000
1.0000
0.9997
0.9980
0.9965
0.9957
0.9954
0.9955
1.0000
1.0000
1.0000
0.9999
0.9995
0.99%1
0.9987
0.9982
1.0000
.0000
.0000
.0000
.0000
.0000
.0000
0.999%
0.9997
0.9994
1.0008
1.0000
1.0000
1.0006
1.0000
1.0000
1.0000
1.0000
1.0000
0.99%8

el el el ]
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Table 7. Sensitivity of Temperature to Value of TXCORD,
Location in Medium for Benchmark 3

TBUR TXCORD  PERT CASE BASE CASE DIRECT GRESS
0.1000 1.4600 501.8357 504.7993 -0.5871 -0.5911
1.0000 1.4600 575.3423 578.4497 -0.5372 -0.5408
2.0000 1.4600 565,1804 568.1526 -0.5231 -0.5266
5.0000 1.4600 517.7056 520.2839 ~-0.4956 -0.4988

10.0600 1.4600 445 .6506 447.7085 ~0.4596 ~0.4626
20.0000 1.4600 339.7178 341.0781 ~0,3988 -0.4013
30.0000 1.4600 270.7886 271.7324 -0.3473 -0.3452
40.0000 1.4600 223.2424 223.9227 -0.3038 ~0.3055
50.6000 1.4600 192.6632 193.1769 -0.2659 -0.2673
75.0000 1.4600 151.2675 151.5654 -0.1965 -0.1975

0.1060 3.2810 295.2253 297.3396 ~0.7111 ~-0.7166
1.0000 3.2810 357.0334 359.2905 -0.6282 -0.6330
2.0000 3.2810 355.6106 357.7861 -0.6081 -0.6127
5.0000 3.2810 334.2126 336.1367 -0.5724 -0.5766

10.0000 3.2810 297.3423 298.9185 -0.5273 -0.5310
20.0000 3.2810 239.6994 240,7848 ~-0.4508 -0.4538
30.0000 3.2810 200.4177 201.1926 ~-0.3852 -0.3879
40.0000 3.2810 173.5846 174.1580 -0.3292 -0.3316
5(.0000 3.2810 155.0381 155.4772 -0.2824 -0.2844
75,0000 3.2810 129.2953 129.5553 ~0.2007 -0.2021

0.1000 6.5620 175.6425 176.9653 -0.7475 ~0.7546
1.0000 6.5620 227 .31e61 228.7927 ~0.6454 -0.6509
2.0000 6.5620 230.1754 231.6078 ~0.6185 -0.6240
5.0000 6.5620 222.5048 223.7904 ~0.5745 -0.57%4

10.0000 6.5620 204,9337 206 .0081 ~0.5215 ~0.5259
20.0000 6.5620 175.0882 175.8511 -0.4338 ~-0.4375
30.0000 6.5620 153.7631 154,3201 -0.3609 -0.3639
40.0000 6.5620 138.7824 139.2010 -0.3007 -0.3031
50.0000 6.5620 128.2335 128.5579 -0.2523 -0.2542
75,0000 6.5620 113.2985 113.,4935 -0.1718 ~0.1732

0.1000 16.4050 100.3385 100.7170 -0.3758 ~-0.3822
1.0000 16.4050 133.3376 133.9812 -0.4804 ~0.4852
2.0000 16.4050 138.4577 139.0932 -0.4569 -0.4614
5.0000 16.4050 139.5812 140.1616 -0.4141 -0.4183

10.0000 16.4050 135.0199 135.5138 -0.3645 -0.3683
20,0000 16.4050 124.7700 125.1309 -0.2884 ~0,2911
30.0000 16 .4050 116.6777 116.9465 -0.2298 -0.2318
40.0000 16.4050 110.7204 110.9252 -0.1846 -0.1861
50.0000 16.4050 106.3950 106.5552 =0.1503 -0.1515
75.0000 16.4050 100.0715 100.1687 -0.C970 -0.0682

0.1000 20,0140 94.4759 94.6978 ~0.2343 -0,2389
1.0000 20.0140 121.8010 122.3215 -0.4255 -0.429%
2.0000 20.0140 127.0065 127.5260 -0.4074 ~0.4116
5.0000 20.0140 129.0878 129.5654 ~0.3686 ~0.3724

10.0000 20.0140 126 .0694 126 .4779 -0.3230 -0.3259
20.0000 20.0140 118.2240 118.5231 -0.2524 ~-0.2548
30.0000 20.0140 111.8003 112.0232 -0.1930 ~0.2011
40.0000 20.0140 107.0013 107.1718 -0.1591 ~0.1604
50.0000 20,0140 103.4859 103.6189 -0.1284 ~-0.1299

75.0000 20,0140 98.2976 98.3789 -0.0826 -0.0834
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Table 7 {Continued)

TBUR TXCORD  FERT CASE  BASE CASE DIRECY GRESS
0.1000 32.8100 89.7993 89.8188 -0.0217 ~-0.0226
1.0000 32.8100 102.4483 102.7377 ~0.2817 ~0.2850
2.0000 32.8100 107.1923 107.5017 ~-0.2878 -0.2912
5.0000 32,8100 110.6355 110.93¢2 -0.2657 -0.2685

10.0000 32.8100 110.2233 110.4778 ~0.2304 ~(0,2332
20.0000 32.8100 106.5585 106 .7469 -0.1765 -0.1786
30.0000 32.8100 103.0741 103.2156 ~0.1371 ~0.,1385
40.0000 32.8100 100.3313 100.4397 -0.1079 -0.1090
50,0000 32.8100 98.2594 98.3443 -0.08673 -0.0873
75.0000 32.8100 95.1473 85.1593 —0.054¢ ~-0.0551
0.1000 42.9810 82.6079 89.6092 ~0.0015 ~(,0015
1.0000 42.9810 9 .1187 96.3070 ~0.1855 -0.1982
2.0000 42.9810 100.1380 100.3585 -0.2207 -0.2238
5.0000 42,9810 103.7253 103.9458 ~0.2121 ~0.2144
10.0000 42.9810 104.2065 104.3998 -0.1852 -0.1873
20.0000 42.9810 102.0884 102.2328 -0.1413 ~-0.1427
30.0000 42,9810 99.71%6 99.8277 -0.1083 -0.1098
40.0000 42,9810 97.75%4 97.8426 ~0.0850 ~0.0860
50.0000 42,9810 06.2424 96.3075 -0.0676 -0.0685
75.0000 42.9810 93.8752 893.815 ~0.0427 -0.0429
0.1000 49,2150 82.5008 89.6010 ~3.0002 ~0.0002
1.0000 49.2150 93.8902 94.0338 -0.,1527 -0.,1548
2.0000 49,2150 97.4025 97.5860 ~0.,1880 ~0.1902
5.0000 49.2150 100.9881 101.1786 ~0.1883 -0.1904
10.0000 49,2150 101.7573 101.9261 ~0.1656 -0.1671
20.0000 49,2150 100.26472 100.3911 -0.1264 -0.1274
30.0000 49.2150 98.3388 98.4340 -0.0967 ~0.0979
40.0000 49,2150 96 .7007 96.7740 ~0.0757 -0.0764
50.0000 49,2150 95.4120 95.4692 ~0.0599 ~0.0608
75.0000 49,2150 93.3687 93.4040 -0.0378 ~0.037%
0.1000 65.6199 89.6000 89.6000 0.0 -0.0000
1.0000 65.6159 90.5693 01.0348 -0.0720 ~0.0736
2.0000 65.6199 83.2004 93.3127 ~0.1204 ~0.1219
5.0000 65.6199 96.3303 96 .4657 -0.1404 -0.1421
10.0000 65.6199 97.5728 97.6987 ~0.1288 ~0.12%8
20.0000 65.619° 97.0804 97.1767 ~0.0991 -0.0939¢
30.0000 65.6199 95.9323 96.0051 ~0.0758 ~0.0767
40.0000 65.6199 94.8524 94.9081 -0.0587 ~-0.0597
50.0000 65.6199 93.9610 94.0048 -0.045¢6 -0.0473
75.0000 65.6199 92.4854 92.5121 -0.0289 -0.0292
0.1000 164.0500 89.6000 89.6000 0.0 -(.0000
1.0000 164.0500 89.6001 89.6001 6.0 -(.0000
2.0000 164.0500 89.6139 89.6155 -0.0018 -0.0015
5.0000 164.0500 89.9321 89.8506 -0.0206 -0.0211
10.0000 164.0500 20.6043 90.6389 -0.0382 ~0.0388
20.0000 164.0500 91.2458 91.2832 —-0.0410 -0.0415
320.0000 164.0500 91.3616 91.3935 ~0.0349 ~0.0353
40.0000 164.0500 91.2818 91.3078 -0.0285 -0.0288
50.0000 164.0500 91.1373 91.1584 ~0.0231 ~0.0233

75.0000 164.,0500 90.7696 90.7826 ~0.0143 -0.0145



TBUR

0.1000
1.0000
2,0000
5.0000
10.0000
20,0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0060
2.0000
5,0000
10.0000
20.0000
30,0000
40,0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20,0000
30,0600
43 .0000
50,0000
75,0000

TXCORD

328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
492.1499
4592.1499
492.1498
492.1499
492.1499
492.1499
492.1499
4592.1498
492.,1499
492.1499
656 .2000
656 .2000
656.2000
656 .2000
656 .2000
656 .2000
656.2000
656 .2000
656 .2080
656 .2000
820.2500
820,.2500
820.2500
820,2500
820.2500
820.2500
820.2500
820.2500
820.2500
820,2500
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Table 7 (Continued)

PERT CASE

89.6000
89.6000
89.6000
89.6003
89,6187
89.7464
89.8800
89.96 84
80.0155
50.0296
89.6000
89,6000
89.6000
89.6000
89.6001
89.6070
89.6315
89.6649
89.6972
89.7508
89.6000
89.6000
89.6000
89.6000
89.6000
89.6002
89.6022
89.6080
89.6172
89.6445
89.6000
89.6000
89.6000
89.6000
89,6000
89.6000
89.5001
89.6007
89.6022
89.6107

BASE CASE

89.6000
89.6000
89.6000
89.6004
89.6205
85.7544
89.8911
§9.9802
90.0266
90.0381
89,6000
82.6000
89.6000
89.6000
89.6001
89.6078
89.6339
89.6687
89.7019
89,7559
89.6000
89.6000
89.6000
89,5000
BS.6000
89.6002
89.6024
89.6087
89.6186
89.6469
89.6000
89.6000
89.6000
89.6000
89.6000
89.6000
89.6001
89.6008
89.6025
89.e115

-0.,0009

GRESS

0.0
~0.0000
~0.0000
~0.0001
-0.0021
~0.0091
~0.0126
~0.0132
~0.0125
-0.0095

0.0

0.0000
-0.0000
-0.0000
~0.0000
-0.0009
-0.0027
~(0.0043
-0.0053
-0.0058

0.0

0.0000
~0.0600
-0.0000
~0.0000
~-0.0000
~-0.0003
~0.0009
~0.0015
~0.0027

0.0

0.0
~0.0000
~0.0000
-0.0000
~0.0000
-0.0000
-0.0001
~0.0003
~0.0010



TBUR

0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
(0.1000
1.0000
2.0000
5.0000
10.0000
2(:.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000

24

Table 8. Sensitivity of Temperature to Metric Tons
of Heavy Metal Per Canister for Benchmark 3

TXCORD

.4600
L4600
.4600
.4600
.4600
.4600
L4600
.4600
-4600
.4600
.2810
.2810
.2810
.2810
.2810
.2810
.2810
.2810
.2810
.2810
.5620
.5620
.5620
.5620
.5620
6.5620
6.5620
6.5620
6.5620

6.5620
16.4050
16.4050
16.4050
16.4050
16.4050
16.4050
16.4050
16.4050
16.4050
16.4050
20.0140
20.0140
20.0140
20.0140
20.0140
20.0140
20.0140
20.0140
20.0140
20.0140

PERT CASE

510.0005
584.866%
574.4243
525.8342
452.1853
344.0627
273.8105
225.4086
194.2991
152.2166
299.6824
362.4983
360.9817
339.0476
301.3425
242 .4764
202.4093
175.0626
156.1726
129.9684
177.8777
230.3249
233.1786
225.2718
207.27%4
176.7745
155.0020
138.7182
128.9604
113.7374
100.8283
134.43772
139.6057
140.6871
135.9900C
125.4968
117.2264
111.1423
106.7273
100.2753
94.7490
122.6553
127.9151
129.9773
126.8572
118.8195
112.2516
107.3500
103.7610
98.4675

BASE CASE

504.7993
578.4497
568.1526
520.2839
447.7085
341.0781
271.7324
223.9227
193.1769
151.5654
297.339%
359.2905
357.7861
336.1367
298.9185
240.,7848
201.1926
174.1580
155.4772
129.5553
176.,9653
228.7927
231.6078
223.7904
206.0081
175.8511
154.3201
139,2010
128.5579
113.4935
1006.7170
133.9812
139.0932
140.1616
135.5139
125.1309
116.9465
110.9252
106.5552
100.1687

94.6978
122.3215
127.5260
129.5654
126.477%
118.5231
112.0232
107.1718
103.6189

98.3789

DIRECT

1.0303
1.1094
1.103¢8
1.0668
0.98%88
0.8751
0.7648
0.6640
0.5809
0.42%6
0.7879
0.8928
0.8931
0.8660
0.8109
0.7025
0.6047
0.5194
0.4473
0.3189
0.5156
0.6697
0.6782
0.6620
0.6171
0.5251
0.4419
0.3715
0.3131
0.2149
0.1115
0.3403
0.3685
0.3749
0.3513
0.2924
0.2393
0.1957
0.1615
0.1064
0.0541
0.2729
0.3051
0.3179
0.299%
0.2501
0.2039
0.1663
0.1371
0.0%01

GRESS

1.0281
1.1063
1.1010
1.0640
0.9977
0.8736
0.7639
0.6632
0.5807
0.4297
0.7869
0.8910
0.8915
0.8646
0.8097
0.7018
0.6042
0.5190
0.4468
0.3188
0.5153
0.6692
0.6776
0.6611
0.6166
0.5247
0.4418
0.3710
0.3130
0.2148
0.1114
0.3405
0.3682
0.3746
0.3512
0.2923
0.2392
0.1957
0.1614
0.1065
0.0541
0.2726
0.3050
0.3177
0.3001
0.2498
0.2039
0.1664
0.1369
0.0899



TBUR

0.1000
1.0000
2.0000
5.0000
10.00600
20.0000
36.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.6000
20,0000
30.0000
40.0000
50.0000
75,0000
0.1000
1.0000
2,0000
5.08000
10.0000
20.0000
30,0000
40.0000
50.0000
75.0600
0.1000
1.0Q00
2.0000
5.0000
16.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1.000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000

TXCORD

32.8100
32.8100
32.8100
32,8100
32.8100
32.8100
32.8100
32.8100
32.8100
32.8100
42.9810
42,9810
42.9810
42.9810
42.9810
42,9810
42.9810
42,9810
42.9810
42.9810
49.2150
49.2150
49,2150
45,2150
49,2150
49,2150
49,2150
49,2150
49,2150
49.2150
65.6199
65.6199
65.6199
65.6199
65.6199
65.6189
65.6199
65,6199
65.6199
65.6199
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
164.0500
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Table 8 (Continued)

PERT CASE

89.8210
102.8698
107.6823
111.1469
110.6904
106 .9208
103,3533
100,549

58.4328

95,2150

89.6093

96 .3741
100.4684
104.0904
104.5496
102.3606

99.9312

97.9257

96 .3751

93,9587

89.6010

94 .0780

97.6661
101.2959
102.0506
100.5000

98.5232

96.8462

95.5279

93.4423

89.6000

91.0492

93.3497

96 .5344

97.7800

57.2533

96.0698

94 .9619

94,0490

92.5415

89.6000

89.600]

89.6157

89.9541

90.6492

91.3001

91.4115

91.324%

91.174C

90.7944

BASE (CASE

89.8188
102.7377
107.5017
110.9302
110.4778
106.7469
103.2156
100.4397

98.3443

95.15583

89,6092

96.3070
100,3595
103.9458
104.3998
102.2328

99,8277

47.8426

96.3075

93.9153

89.6010

94.0338

97.5860
101.1786
101.9261
160.3911

98.4340

9 .7740

95.4692

93.4040

89.6000

91.0348

93.3127

96 .4657

97.6987

97.1767

96 .0051

94.9081

94.0048

92.5121

89.6000

89.6001

89.6155

89.8506

90.6389

91.2832

91.3935

91.3078

91.1584

90.7826

DIRECT

0.0024
0.1286
0.1680
0.1953
0.1924
0.1630
0.1334
0.1089
0.0900
0.0585
0.0001
0.0697
0.1085
0.1391
0.1435
0.1250
0.1037
0.084%9
0.0702
0.0462
0.0

0.0470
0.0821
0.1159
0.1221
0.1085
0.0906
0.0746
0.0615
0.0410
0.0

0.0158
0.0397
0.0712
0.0832
0.0788
0.0674
0.0567
0.0470
0.0318
0.0

0.0

0.0002
0.0039
0.0115
0.0185
0.0197
0.0187
0.0171
0.0130

GRESS

0.0024
0.1284
D,1681
0.1951
0.1920
0.1629
0.1334
0.1089
0.0896
0.0587
0.0001
0.0700
0.1082
0.1392
0.1433
0.1248
0.1034
0.,0848
0.0700
0.0461
0.00600
0.0473
0.0824
0.1156
0.1220
0.1085
0.0904
0.074¢6
0.0618
0.0409
0.0000
0.0158
0.0399
0.0716
0.0835
0.0785
0.0671
0.0562
0.6470
0.0318
0.0000
0.0000
0.0002
0.0039
0.0115
0.0184
0.01%6
0.0187
0.0171
0.0130



TBUR

0.1000
1.0000
2.0000
5.0000
1G.0000
20.0000
30.0000
40.0000
5G.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40,0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0009
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000

TXCORD

328.,1001
328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
492.1499
492,1499
492.1499
492.1499
492.1499
492.,1499
492 .,1499
492.1499
492.1499
492.1499
656 .2000
656 .2000
656 .2000
656 .2000
656.2000
656.2000
656 .2000
656 .2000

656 .2000,

656 .2000
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
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Table 8 (Continued)

PERT CASE

82.6000
89.6000
89.6000
8%.5004
82.6207
89.7559
89.8240
89.9840
90.0309
90.0424
82.6000
89,6000
89.6000
89.6000
89.6001
89.6078
89.6342
82.6624
89.7029
89.7575
89.6000
89.6000
89.6000
89.6000
89.6000
89.6002
89.6024
§3.6088
89.6188
89.6474
82.6000
89.6000
89.6000
89.6000
89.6000
89.6000
89.6001
82.6008
89.6025
89.6116

BASE CASE

89.6000
85.6000
82.6000
89.6004
89.6205
89.7544
89.8°11
89.9802
90.0266
20.0381
89.6000
89.6000
89.6000
82.6000
89.6001
89.6078
§9.6339
89.6687
89.7019
§9.755%
89.60600
89.6000
89.6000C
89.600C
89.6000
89.6002
89.6024
89.6087
89.6186
89.6462
89.6000
89.6000
89.60G00
89.6000
89.6000
89.6000
89.6001
89.6008
89.6025
89.6115

DIRECT

OOOOO

002

o
o
—
-]

10032
oo£§
048

[«=]
o
{9
D

.« .

a L] . . . L[]
OOOC)OOOOOOODDOOOOOOOOOOOOOOOOOO

003
008
011
018

(]
j ]
o

002

(o]
(]
(3

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOQOOOOOOO
s o & B . . . « o o

fo)
o
—

GRESS

0.0
0.0000
0.00600
0.0000
0.0002
0.0017
0.0032
0.0042
0.0047
0.0049
0.0
~0.0000
0.0000
0.0000
0.0000
0.0001
0.0004
0.0008
0.001].
0.0017
0.0
-0.0000
0.0000
0.0000
0.0000
0.0000

0.0000

0.0001
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Table 9. Sensitivity of Temperature to Source Length for Benchmark 3

TBUR

0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.06000
5.0000
10,0000
20.0000
30.0000
40,0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75,0000

TXCORD

1.4600
1.4600
1.4600
1.4600
1.4600
1.4600
1.4600
1.4600
1.4600
1.4600
3.2810
3.2810
3.2810
3.2810
3.2810
3.2810
3.2810
3.2810
3.2810
3.2810
6.5620
6.5620
6.5620
6.5620
6.5620
6.5620
6.5620
6.5620
6.5620
6.5620
16.4050
16.4050
16,4050
16.4050
16.4050
16.4050
16.4050
16.4050
16.4050
16.4050
20.0140
20.0140
20,0140
20,0140
20,0140
20,0140
20,0140
20.0140
20,0140
20.0140

PERT (ASE

501.3162
574.7600
564.6233
517.2217
445 .2644
339.4626
270.6116
223.1138
192,5661
151.2112
296.1689
358.0247
356.5652
335.0559
298.0344
240.1758
200.7579
173.8364
155,2309
129.4097
176.6809
228.4703
231.2949
223,509
205.7733
175.6848
154.19€3
139.10%6
128.4868
113.4508
100.7007
133.9529
139.0658
140.1362
135.4930
125.1151
116.9347
116.9162
106.5473
100.1646
94.6912
122.306.
127 .5107
12%.5510
126 .4654
118.514z2
112.0164
107.,166¢
103.614¢

98.3762

BASE CASE

504.7993
578.4497
568.1526
520.2839
447.7085
341.0781
271.7324
223.,9227
193.1769
151 .5654
297.339
359.2905
357.7861
336.1367
298.9185
240.7848
201.1926
174.,1580
155.4772
129.5553
176.9653
228,7927
231.6078
223.7904
206.0081
175.8511
154.3201
139.2010
128.5579
113.4935
100.7170
133.9812
139.0932
140.1616
135.5138
125.1309
116.9465
110.9252
106.5552
100.1687
94.6978
122.3215
127.5260
129.5654
126.4779
118.5231
112.0232
107.1718
103.6189

98.3789

DIRECT

-0.6900
-0.6379
~0.6212
-0.5886
-0.5459
~-0.4736
-0.4125
~-0.3612
-0.3162
-0.2337
-0.3937
-0,3523
-0.3413
-0.3212
-0.2957
-0.2529
-0.2161
~-0.1847
-0.1584
-0.1124
~0.1607
-0.1409
-0.1351
~0.1255
-0.1140
-0.0946
-0.0788
-0.0657
~0.0553
-0.0376
-0,0162
-0.0211
-0.0197
-0.0181
-0.0154
-0.0126
-0.0101
-0.0081
~-0.0069
-0.0041
-0.0070
-0.0126
-0.0120
-0.0111
-0.0099
-0.0075
~-0.0061
-0.0049
-0.0039
-0.0027

GRESS

-0.6953
~0.6426
-0.6258
-0.5929
~0.5498
-0.4769
-0.4150
-0.3637
-0.3181
-0.2350
-0,3953
~0.3537
~0,3425
-0.3223
-0.29%9
-0.2537
-0.2168
-0.1853
-0.1590
-0.1130
-0.1607
-0.1409
-0.1351
-0.1255
-0.1139
-0.0947
-0.0788
~0.0657
-0.0551
-0.0375
-0.0160
-0.0208
~0.0198
~0.0179
-0.0158
-0.0125
-0.0099
-0.0080
~0.0065
~0.0042
~0.0068
~0.0126
-0.0120
-0.0109
-0.0095
-0.0075
-0.0059
-0.0047
-0.0038
-0.0024
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Table 9 (Continued)

TBUR 1XCORD  PERT CASE  BASE (ASE DIRECT GRESS
0.1000 32.8100 89.8188 §9.8188 0.0 0.0000
1.0000 32.8100 102.7377 162.7377 0.0 0.0000
2.0000 32.8100 107.5017 107.5017 0.0 0.0000
5.0000 32.8100 1106.9302 110.9302 0.0 0.0000

10.0000 32.81060 110.4778 110.4778 0.0 0.0000
20,3000 32.8100 106.7469 106.7469 0.0 0.0000
30.0000 32.81.00 103.2156 103.2156 0.0 0.0000
40.0000 32.8100 100.4397 100.4397 0.0 0.0000
50.0000 32.8100 98.3443 98.3443 0.0 0.0000
75.0000 32.8100 95.1583 95.1593 0.0 0.6000

0.1000 42,9810 §8.6082 89.6092 0.0 0.0000
1.0000 42.9810 96.3070 96.3070 0.0 0.0000
2.0000 42,9810 100.3595 100.3595 0.0 0.0000
5.0000 42.92810 103.2458 103.9458 0.0 0.0000

16.0000 42.9810 104.3998 104.,3998 0.0 0.0000
20.0000 42.9810 102.2328 102.2328 0.0 0.0000
30.0000 42,9810 90.8277 99%.8277 0.0 0.0000
40.0000 42.9810 97.8426 97.8426 0.0 0.0000
50.0000 42.9810 5 .3075 95 .3075 0.0 0.0000
75.0000 42.9810 93.8153 83.9153 0.0 0.0000
0.1000 46,2150 89.6010 89.6010 0.0 0.0000
1.0000 49,2150 94.0338 94,0338 0.0 0.0000

2.0000 49.2150 97.5860 97.5860 0.0 0.0000

5.0000 49,2150 101.1786 101.1786 0.0 0.0000
10.0000 46,2150 101.9261 101.9261 0.0 —~0.0000
20.0000 45,2150 100.3911 100.3911 0.0 0.0000
30.0000 49.2150 96.4340 98.4340 0.0 0.0000
40.0000 45,2150 86.7740 96 .7740 0.0 0.0000
50.0000 49,2150 95,4692 95.4692 0.0 0.0000
75.0000 49.2150 93.4040 93,4040 0.0 0.0000

0.1000 65.6199 82.6000 89.6000 0.0 0.0000
1.0000 65.6199 91.0348 91.0348 0.0 0.0000
2.0000 65.6199 93.3127 93.3127 0.0 0.0000
5.0000 65.6199 96 .4657 96 .4657 0.0 0.0000

10.0000 65.61%9 97.6987 97.6987 0.0 0.0000
20,0000 65.6199 97.1767 97.1767 0.0 0.0000
30.0000 65.6199 96 .0051 96 .0051 0.0 0.0000
40.0000 65.61¢99 94.9081 94.92081 0.0 0.0000
50.0000 65.619¢ 94.0048 94.0048 0.0 0.0000
75.0000 65.6199 92.5121 92.5121 0.0 0.0000

0.1000 164.0500 89.6000 8%.6000 0.0 0.0000

1.0000 164.0500 89.6001 89.6001 0.0 0.0000

2.0000 164.0500 88.6155 88.6155 0.0 0.0000

5,0000 164.0500 89.9506 83.9506 6.0 0.0000
16.0000 164.9500 90.6389 90.6389 0.0 0.0000
20.0000 164.0500 91.283%2 01.2832 0.0 0.0000
30.0000 164.9500 01.3935 91.3935 0.0 0.0000
40.0000 164.05060 91.3078 91.3078 0.C 0.0000
50.0000 164.G500 91.1584 91.1584 0.0 0.0000
75.0000 164.0500 90.7826 90.7826 0.0 0.0000
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Table 9 (Continued)

TBUR TXOORD  PERT CASE  BASE CASE DIRECT GRESS
0.1000 328.1001 89.6000 89.6000 6.0 0.0
1.0000 328.1001 89.6000 89.6000 0.0 0.0000
2.0000 328,1001 89.6000 89.6000 0.0 0.0000
5.0000 328.1001 89.6004 89.6004 0.0 0.0000

10.0000 328.1001 89.6205 89.6205 0.0 0.0000
20.0000 328.1001 89.7544 89.7544 0.0 0.0000
30.0000 328.1001 89.8911 89.8911 0.0 0.0000
40.0000 328.1001 89.9802 £9.9802 0.0 0.0000
50.0000 328.1001 90.0266 90.0266 0.0 0.0000
~75.0000 328.1001 50.0381 90.0381 0.0 0.0000
0.1000 492.,1499 89.6000 89.6000 0.0 0.0
1.0000 492.1499 89.6000 89.6000 0.0 ~0.0000
2.0000 492.1499 89.6000 89.6000 0.0 0.0000
5.0000 492.1499 89.6000 89.6000 0.0 0.0000
10.0000 492.1499 89.6001 89.6001 0.0 0.0000
20.0000 492.1499 89.6078 89.6078 0.0 0.0000
30.0000 492.1499 89.6339 89.6339 0.0 0.0000
40.0000 492.,1499 89.6687 89.6687 0.0 0.0000
50.0000 492,1499 89.7019 89.7019 0.0 0.0000
75.0000 492.1499 89.7559 89.7559 0.0 0.0000
0.1000 656 .2000 89.6000 89.6000 0.0 0.0
1.0000 656 .2000 89.6000 89.6000 0.0 ~0.0000
2.0000 656 .2000 89.6000 89.6000 0.0 0.0000
5.0000 656 .2000 89.6000 89.6000 0.0 0.0000
10.0000 656 .2000 89.6000 89.6000 0.0 0.0000
20.0000 656.2000 89,6002 89.6002 0.0 0.0000
30.0000 656 .2000 89.6024 89.6024 0.0 0.0000
40.0000 656 .2000 89.6087 89.6087 0.0 0.0000
50.0000 656 .2000 89.6186 89.6186 0.0 0.0000
75.0000 656 .2000 89.6469 89.6469 0.0 0.0000
0.1000 820.2500 89.6000 89.6000 0.0 0.0
1.0000 820.2500 89.6000 89.6000 0.0 0.0
2.0000 820.2500 89.6000 89.6000 0.0 0.0000
5.0000 820.2500 89.6000 89.6000 0.0 0.0000
10.0000 820.2500 89.6000 89.6000 0.0 0.0000
20.0000 820.2500 89.6000 89.6000 0.0 0.0000
30.0000 820.2500 89.6001 89.6001 0.0 0.0000
40.0000 820.2500 89.6008 8%9.6008 0.0 0.0000
506.0000 820.2500 89.6025 89.6025 0.0 0.0000
75.0000 820.2500 89.6115 89.6115 0.0 0.0000



TRUR

0.1000
1.0000
2.0000
5.0000
10,0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
20.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5,0000
10.0000
2G,0000
30.0000
40.0000
50.0000
75.0000
0.1.000
1.0000
2.0000
5,00060
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
20.0000
40.0000
50.0000
75.0000

TXCORD

1.4600
1.4600
1.4600
1.4600
1.4600
1.4600
1.4600
1.4600
1.4600
1.4600
3.2810
3.2810
3.2810
3.2810
3.2810
3.2810
3.2810
3.2810
3.2810
3,2810
6.5620
6.5620
6.5620
6.5620
6.5620
6.5620
6.5620
6.5620
6.5620
6.5620
16.4050
16.4050
16,4650
16,4050
16 .4050
16.4050
16.4050
16.4050
16,4050
16.4050
20,0140
20.0140
20,0140
20.0140
20.0140
20,0140
20.0140
20.0140
20.0140
20.0140
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PERT CASE

502.4185
575.8779
565.8777
518.5020
446.3330
340.2073
271.1650
223.5511
192.9234
151.4606
296.2642
357.9990
356.6208
335.1982
298.1724
240 ,2907
200.858¢
173.9299
155.,3186
129.4875
176,5452
228.1698
231.0290
223,3107
205,6153
175.5808
154.,1325
132.0702
128.4655
113.4528
100.6648
133.7918
138.3001
139.9885
135.3659
125.0227
116 .8685
110.8693
106 .5147
100.1501
94 .6741
122.1822
127.3776
129.4291
126.3588
118.4357
111.9585
107 ,1254
103.5855
96.3634

BASE (ASE

504.7993
578.44927
568.1526
520.2839
447.7085
341.0781
271.7324
223.9227
193.1769
151.5654
297.33%96
359.2905
357.7861
336.1367
298.9185
240.7848
201.1926
174.1580
155.4772
129.5553
176.9653
228.7927
231.6078
223.7904
206 .0081
175.8511
154.3201
139.2010
128.5579
113.4935
100.7170
133.9812
139.0932
140.1616
135.5139
125,1300
116.9465
110.9252
106,5552
100.1687
94.6978
122.3215
127.5260
129.5654
126.4779
118.523]
112.0232
107.1718
103.6189
98.3789

Table 10. Sensitivity of Temperature to Source Decay Time
Before Burial for Benchmark 3

DIRECT

~-0.4716
~0.4446
-0.4004
~0.3425
-0.3072
~0.2553
-0.2088
~0.1659
~0.1312
-0.0691
~0.3617
-0.3595
-0.3257
-0.2792
~0.2496
~0.2052
~(.1654
~0.1310
~0.1020
-0.052

~0.2374
~0.2723
-0.2499
~-0.2144
~0.1207
-0.1537
-0.1216
~-0.0240
-G.071¢
~0.0359
~0.0518
~-0.1414
-0.1388
-0.1235
-0.1092
-0.0865
~0.0667
~0.0504
~-0.0380
-0.0186
~0.0250
~0.1139
~0.1164
-0.1052
=0.0242
~0.,0737
~0.0569
-0.0433
-0.0322
~0.0158

GRESS

~0.4776
~0.4487
~0.4032
~0.3437
~-0.3080
-0.2556
-0.2092
-0.1663
-0.1313
~-0.06°21
~-0.3662
~0.3630
~0.3280
-0.2800
~0.2503
~0.2056
-0.1658
~3.1312
~0.1022
-0.0526
«0,2403
~0.2748
-0.2514
-0,2152
~0.1911
~0.1541
-0.1216
-0.0943
-0.0721
~0.0360
~-0.0522
-0.1429
-0.1400
—0.1238
-0.1097
-0.0865
-0.0666
~0.0505
-0.0380
~0.0187
-0.0254
~0.1152
-0.1170
~0.1057
~0.0940
-0.0741
-0.0570
-0.0432
~0.0325
~0.0160



TBUR

0.1000
1.0000
2.0000
5.0000
10.0000
20,0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20,0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2,0000
5.0000
10.0000
20,0000
30.0000
40.0000
50,0000
75.0000
0.1000
1.0000
2,0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000

TXCORD

32.8100
32.8100
32.8100
32.8100
32.8100
32,8100
32.8100
32.8100
32.8100
32,8100
42,9810
42,9810
42.9810
42.9810
42.9810
42.9810
42,9810
42.9810
42.9810
42.9810
49,2150
49,2150
49.2150
49.2150
49.2150
49,2150
49,2150
49.2150
49,2150
49,2150
65.6199
65.6199
65.6199
65.6199
65.6199
65.6199
65.6199
65.6199
65.6199
65.6199

164.0500

164.0500

164.0500

164.0500

164,0500

164.0500

164.0500

164.0500

164.0500

164.0500
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Table 10 {Continued)

PERT CASE

89.8177
102.6812
107.4311
110.8572
110.4111
106 .6953
103.1766
100.4108

98.3228

95.1485

89.6092

9% .2777
100.3168
103.8964
104,3523
102.1945

99.7983

97.8206

9 .2911

93.9070

89.6010

94,0145

97.5537
101.1382
101.8866
1006,3579

98.4086

96.7543

95,4541

53.3963

89,6000

91,0285

93.2973

96 .4412

97.6724

97.1535

95.9864

94,8938

93.9938

92.5063

89.6000

89.6001

89.6154

89.9492

90.6353

91.2778

01.3880

91.3028

91.1541

90.7797

BASE CASE

89,8188
102.7377
107.5017
110.9302
110.4778
106.7469
103.2156
100.4397

98.3443

95.1593

89.6092

96 .3070
100.3595
103.9458
104.3998
102.2328

98.8277

97.8426

96.3075

93.9153

89.6010

94.0338

97.5860
101.1786
101.9261
100.3911

98.4340

9% .7740

85.4692

93.4040

89.6000

91.0348

93.3127

9 .4657

97.6987

97.1767

% .0051

94.9081

94.0048

92.5121

89.6000

89.6001

89.6155

89.9506

90.6389

91.2832

81.3935

91.3078

91.1584

90.7826

DIRECT

-0.0012
-0,0550
-0.0657
-0.0658
-0.0604
—-0.0483
-0.0378
-0.0288
-0.0219
-0.0114
0.0
-0.0304
-0.0425
-0.0475
~0.0455
-0.0375
-0.0295
~0.0225
-0.0170
-0.0088
0.0
~0.0205
-0.0331
-0.0399
~-0.0388
~0.0331
~0.0258
~0.0204
-0.0158
-0.0082
0.0
~-0.0069
-0.0165
-0.0254
-0.0269
-0.0239
-0.0195
-0.0151
~0.0117
-0.0063
0.0
0.0
~0.0001
-0.0016
-0.0040
~0.0059
~0.0060
-0.0055
-0.0047
-0.0032

GRESS

~0.0011
~-0.0555
-0.0662
-0.0662
-0.0607
-0,0487
-0.0377
-0.0287
~0.0218
-0.0110
—~0.0000
-0.0307
-0.0434
~0.0480
~0.0457
~0.0376
~-0,0295
-0.0227
~0.0173
~0.0090
-0.0000
~0.0209
~0.0334
-0.0402
-0.0391
-0.0328
-0.0259
-0.0201
-0.0154
-0.0081
-0.0000
-0.0071
-0.0166
-0.0255
-0.0271
-0.0240
-0.0195
-0.0154
-0.0120
-0.0065
~0.0000
~0.0000
~0.0001
-0.0015
~0.0040
~-0.0059
-0.0060
-0.0055
-0.0048
-0.0032



TBUR

0.1000
1.0000
2,0000
5.0000
10.0000
20,6000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40.0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
16.0000
20.0000
30.0000
40.0000
50.0000
75.0000

TXCORD

328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
326.1001
328.1001
328.1001
492 ,1499
492.1499
492.,1499
4921499
492.149°%
492 .1499
492,1499
492.1499
492.,1499
492,1499
656.2000
656 .2000
656 .2000
656 .2000
656.,2000
656 .2000
656 .2000
656 .2000
656.2000
656 .2000
820.2500
820.2500
820.2500
820.2560
820.2500
820.2500
820.2500
820.2500
820.2500
820.2500
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Table 10 (Continued)

PERT (ASE

89.6000
89.6000
89,6000
89.6004
£9.6204
§9.7538
89.8202
89.2790
90.0253
90.0368
89.6000
89.6000
89.6000
89.6000
89.6001
89.6077
83.6337
89.6685
89.7016
89.7554
89.6000
89.6000
89.6000
89.6000
89.6000
89.6002
89.6024
89.6087
89.6185
89.6468
82.6000
89.6000
89.6000
89.6000
89.6000
89.6000
89.6001
89.6008
89.6025
89.6115

BASE CASE

89.6000
89.6000
85.5000
89.6004
89.6205
89.7544
89.8911
89.9802
90.0265
9C.0381
89.6000
89.6000
82.6000
89.6000
89.6001
89.6078
89.633%9
83.6687
89.7019
89.7559
89.6000
89.6000
89.6000
8%.6000
89.6000
89.6002
89.6024
85.6087
89.6186
89.6469
89.6000
89.6000
89.6000
89.6000
89.6000
89.6000
82.6001
89.6008
89.6025
89.6115

DIRECT

OO OO
« o o
OO O

~0.0001
-0.0005
-0.0010
-0.0013
-0.0014
-0.0014

[N o N e I o B o
« o o
OSSO OOO

»

~0.0001
~0.0002
~0.0002
—-0.0003

(=]
(e
[e»]
o
[ea]

.

oo
o O
o

L] . . L 4 . . * e
S COCOOOCODO OO0 DOOOOO

[l !
OO0 OCDIIDHOODO
. Co o .

E)

GRESS

6.0
-0.0000
-£.0000
~0.0000
~0.0001
~0.000%
-0.0011
-0.0013
~0,0014
~-0.0014

0.0

0.0000
~0.0000
~0.0000
~0.0000
~0.0000
-0.0001
-0.0003
~0.0004
-0.0005

0.0
-0.00060
-0.0000
-0.0000
-0.0000
~0.0000
~0.0000
-0.0000
~0.0001
-0.0002

0.0

0.0
~-0.00G0
~0.0000
-0.0000
-0.0000
~(.0000
-0.0000
-0.0000
-0.0000
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Table 11. Sensitivity of Temperature to Value of TBUR,
Source Burial Time for Benchmark 3

TBUR TXCORD  PERT CASE  BASE CASE DIRECT GRESS
0.1000 1.4600 505,4270 504.7993 0.1243 0.1252
1.0000 1.4600 578.4290 578.4497 -0.0036 -0.0033
2.0000 1.4600 567.8625 568.1526 -0.0510 -0.0509
5.0000 1.4600 519.4919 520.2839 ~0.1522 ~0.,1523

10.0000 1.4600 446 .3987 447.7085 ~0.2926 -0.2932
20.0000 1.4600 339.3821 341.0781 -0.4973 -0.4993
30.0000 1.4600 270.0671 271.7324 -0.6128 -0.6165
40.0000 1.4600 222.,4518 223.9227 ~0.6569 -0.6621
50.0000 1.4600 191.9247 193.1769 -0.6482 -0.6542
75.0000 1.4600 150.7915 151.5654 ~(.5106 -0.5170
0.1000 3.2810 297.8113 297.339% 0.1586 0.1597
1.0000 3.2810 359.3442 359.2905 0.0149 0.0152
2.0000 3.2810 357.6824 357.7861 -0.0290 -0.0289
5.0000 3.2810 335.,7471 336.1367 -0.1159 ~0.1159
10.0000 3.2810 298.2261 298.9185 ~0.2316 ~-0.2321
20.0000 3.2810 239.8334 240.7848 -0.3951 -0.3966
30.0000 3.2810 200.2248 201.1926 ~0.4810 ~-0.4840
40.0000 3.2810 173.2722 174.1580 -0.5086 -0.5122
50.0000 3.2810 154.7086 155.4772 -0.4943 ~0.4988
75.0000 3.2810 129.0654 129.5553 -0.3781 -0.3828
(0.1000 6.5620 177.3141 176.9653 0.1971 0.1985
1.0000 6.5620 228,8792 228.7927 0.0378 0.0381
2.0000 6.5620 231.5989 231.6078 ~0.0038 -0.0036
5.0000 6.5620 223.6174 223.7904 -0.0773 ~0.0772
10.0000 6.5620 205,6620 206 .0081 ~0.1680 ~(.1683
20.0000 6.5620 175.3425 175.8511 -0.2892 -0.2903
30.0000 6.5620 153.7845 154.3201 ~0.3471 ~0.3489
40.0000 6.5620 138.7005 139.2010 -0.3596 -0.3622
50.0000 6.5620 128.1164 128.5579 -0.3434 -0.3465
75.0000 6.5620 113.2050 113.4935 -0.2542 -0.2572
0.1000 16.4050 100.8605 100.7170 0.1425 0.1432
1.0000 16 .4050 134.,0776 133.9812 0.0720 0.0728
2.0000 16.4050 139.1414 139.0932 0.0347 0.0351
5.0000 16.4050 140.1321 140.1616 -0.0211 ~0.0209
10.0000 16.4050 135.4060 135.5139 -0.079% -0.079
20.0000 16 .4050 124,9433 125.1309 -0.1499 ~0.1502
30,0000 16 .4050 116.7367 116.9465 -0.1794 -0.1801
40.0000 16.4050 110.7219 110.9252 -0.1833 -0.1843
50.0000 16.4050 106.3716 106 .5552 -0.1723 -0.1738
75.0000 16.4050 100.0438 100.1687 ~0.1247 ~-0.1260
0.1000 20.0140 94.7882 94.6978 0.0955 0.0958
1.0000 20.0140 122.4156 122.3215 0.0769 0.0775
2.0000 20.0140 127.57%4 127.5260 0.0419 0.0424
5.0000 20.0140 129.5523 122.5654 -0.0101 ~-0.0097
10.0000 20.0140 126 .3984 126.4779 -0.0629 -0.0625
20.0000 20.0140 118.3757 118.5231 -0.1244 -0.1246
30.0000 20.0140 111.8551 112.0232 -0.1500 ~0.1507
40.0000 20.0140 107.0067 107.1718 ~0.1541 ~0.1545
50.0000 20.0140 103.4692 103.6189 -0.1445 ~0.1458

75.0000 20.0140 98.2759 98.3789 ~0,1047 -0.1060
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Table 11 (Continued)

TBUR TXCORD  PERT CASE  BASE CASE DIRECT GRESS
0.1000 32.8100 89.8279 89.8188 0.0101 0.0101
1.0000 32.8100 102.8147 102.7377 0.0749 0.0755
2.0000 32.8100 107.5587 107.5017 0.0530 0.0535
5.0000 32.8100 110.9447 110.9302 0.0131 0.0132

10.0000 32.8100 110.4484 110.4778 -0.0265 -0.0266
20.0000 32.8100 106.6699 106.7462 ~0.0721 ~0.0722
30.0000 32.8100 103.1212 103.2156 -0.0915 -0.0918
40.0000 32.8100 100.3438 100,4397 -0.0955 -0.09%1
50.0000 32.8100 98.2546 98.3443 -~0.0812 ~0.0917
75.0000 32.8100 95.0953 95.1593 -0.0673 -0.0680
0.1000 42.9810 89.6098 89.6092 0.0007 0.0007
1.0000 42,9810 96.3670 96.307¢C 0.0623 0.0628
2.0000 42.9810 100.4128 100.3595 0.0531 0.0532
5.0000 42.9810 103.9686 103.9458 0.0219 0.0221
10.0000 42.9810 104.3883 104.3998 -0.0110 -0.0110
20.0000 42.9810 102.1821 102.2328 ~0.0495 -0.0494
30.0000 42.9810 99.7614 99.8277 -0.0664 ~0.0668
40.0000 42.9810 97.7729 97.8426 -0.0712 ~-0.0715
¢.0000 42,9810 96.2412 96 .3075 ~-0.0688 -0.0693
75.0000 42.9810 93.8667 93.9153 ~0.0517 -0.0526
0.1000 49,2150 89.6011 89.6010 0.0001 0.0001
1.0000 49.2150 94.0835 94.0338 0.052¢ 0.0530
2.0000 49,2150 97.6350 97.5860 0.0502 0.0507
5.0000 49,2150 101.2038 101.1786 0.0249 0.0252
10.0000 45,2150 101.9214 101.9261 ~0.0046 -0.0044
20.0000 49,2150 100.3511 100.3911 ~0.0398 -0.0398
30.0000 49,2150 98.3793 98.4340 ~0,0556 ~0.0560
40.0000 49,2150 9 .7151 96 .7740 -0.0609 ~0.0611
50.0000 49.2150 95.4125 95.4692 ~0.05%94 ~0.0598
75.0000 45.2150 93.3610 93.4040 ~0.0461 -0.0461
0.1000 65.6199 89.6000 89.6000 0.0 0.0000
1.0000 65.6199 91.0609 01.0348 0.0287 0.0287
2.0000 65.6199 93.3495 93.3127 0.0394 0.0397
5.0000 65.6199 96.4925 96 .4657 0.0282 0.0286
10.0000 65.6199 97.7045 97.6987 0.0059 0.0065
20.0000 65.6199 97.1550 97.1767 ~0.0223 ~-0.0223
30.0000 65.6199 95.9697 96 .0051 ~0.0369 ~-0.0367
40,0000 65.6199 54.8683 94.9081 -0.0419 -0.0423
50.0000 65.6199 93.9650 94.0048 ~0.0423 ~-0.0428
75.0000 65.6199 92.4805 92.5121 ~0.0342 -0.0345
0.1000 164.0500 89.6000 89.6000 0.0 0.0000
1.0000 164.0500 89.6001 89.6001 0.0 0.0000
2.0000 164,0500 89.6163 89.6155 0.00092 0.0009
5.0000 164.0500 89.9581 89.9506 0.0083 0.0084
10.0000 1€4.0500 90.6500 90.6389 0.0122 0.0123
20.0000 164,0500 91.2890 91.2832 0.0064 0.0064
30.0000 164.0500 91.3928 91.3935 -0.0008 -0.0007
40.0000 164.0500 91.3026 91.3078 -0.0057 -0.0057
50.0000 164.0500 91.1505 91.1584 ~0.0087 -0.0088

75.0000 164.05060 90.7729 90.7826 -0.0107 -0.0108



TBUR

0.1000
1.0000
2.0000
5.0000
10.0000
20.00060
30.0000
40.0000
50.0000
75.0000
0.1000
1.00600
2.0000
5.0000
10.0000
20.0000
30.0000
40,0000
50.0000
75.0000
0.1000
1.0000
2.0000
5.0000
10.0000
20,0000
30.0000
40.0000
50.0000
75.0000
¢.1000
1.0000
2.0000
5.0000
10.0000
20.0000
30.0000
40,0000
50.0000
75.0000

TXCORD

328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
328.1001
328.,1001
328.1001
328.1001
492,1499
492.1499
492,1499
492,1499
492.1499
492.1499
492,1499
492.1499
492 .1459
492.,1499
656 .2000
656 .2000
656 .2000
656.2000
656.2000
656.2000
656 .2000
656.2000
656.2000
656.2000
820.2500
820.2500
820.2500
820.2500
820.2500
820.250G
820.2500
820.2500
820.2500
820.2500
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Table 11 (Continued)

PERT CASE

89.6000
£9.6000
§9.6000
89.6004
89.6213
89.7574
89.8945
89.9827
90.0281
80.0372
89.6000
89.6000
89.6000
89.6000
89.6001
89.6081
89.6348
89.6701
89.7034
89.7569
89.6000
89.6000
89.6000
89.6000
89.6000
89.6002
89.6025
89.6091
89.6191
89.6477
89.6000
89.6000
89.6000
89.6000
89.6000
89.6000
89.6001
89.6008
89.6026
89.6119

BASE CASE

89.6000
89.6000
89.6000
89.6004
89.6205
89.7544
89.8911
89.9802
90.0266
90.0381
89.6000
89.6000
89.6000
89.6000
£9.6001
89.6078
89.6339
89.6687
89.7019
89,7559
89.6000
89.6000
89.6000
89.6000
89.6000
89.6002
89.6024
89.6087
89.6186
89.6469
89.6000
89.6000
89.6000
89.6000
£9.6000
89.6000
89.6001
89.6008
89,6025
89.6115

DIRECT

fes e I e B o I o)
s s e »
SO0 OC

.0009
0.0033
0.0038
¢.0028
0.0017

~-0.0010

s .

.
QDO OO

003
010

o
o
—
N

.

OO
bt et
e

001
004
005
00S

OO QOO0 DOOODOOODOODOCOOOCCOO

R

DO0ODODOOODDOODOTT OO0 CODODO0O0OSOO

oD
o

GRESS

0.0
0.0000
0.0000
0.0000
0.0009
0.0034
0.0038
0.0029
0.C016
-0.0010
0.0
-0.0000
¢.0000
0.0000
0.0000
0.0004
0.0011
0.0016
0.0017
0.0011
0.0
~0.0000
0.0000
0.0000
0.0000
0.0000
¢.0001
0.0004
0.0006
0.0009
0.0
0.0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0001
0.0001
0.0004
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Table 12. Reference Value of Input Parameters for Benchmark 4

ACOND 1243.89 Thermal conductivity correlation parameter
BCOOND 0.126 Thermal conductivity correlation parameter
RIHO 134.8 Density of geological medium, 1b/ft3
cP 0.215  Specific heat of geological medium, Btu/lbw- F
TINIT 89.6 Initial temperature of geclogical medium, F
MTHM 9.576 Number of metric tons of heavy metal per cannister
SLEN 12.074  Source length, ft
TCOOL 10.0 Source decay time before burial, yrs
PITCH X 85.962  Source pitch in X direction, ft
PITCE Y 40.028 Source pitch in Y direction, ft

TXCORD TBUR

(X-coordinate of calculated
calculated temperature, ft)  (Tine after burial, yrs)

41.687 0.1
39,7 1.0
36.419 2.0
26.576 3.5
22.967 5.0
1G.171 7.5
0.0 1C.0




TBUR

0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
0.1060
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000

Table 13. Sensitivity of Temperature to Parameter A
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in Conductivity Equation for Benchmark 4

TXCORD

41.6870
41.6870
41.6870
41.6870
41.687C
41.6870
41.6870
359.7000
39.7000
35%.7000
39.7000
39.7000
39.7000
358.7000
36.41°0
36.4190
36.4190
36.4190
36.41%0
36.4190
36.4190
26 .5760
26.5760
26.5760
26.5760
26.5760
26 .5760
26.5760
22.9670
22.9670
22.9670
22.9670
22.9670
22.9670
22.9670
1¢.1710
10.1710
1¢.1710
10.1710
10.1710
16.1710
10.1710

ODODCOOOO
NI
OO0 OO0

PERT CASE

536.9106
635.8643
651.0156
657.7566
657.0789
647.6621
632.6965
295.6360
378.2036
399.6543
417.6262
428.2124
437.,1775
439.5867
176.4730
247.1528
270,7200
293,1379
308.4856
325.4685
335.8965
106.7467
150.2433
174.6670
199.6655
217.9349
240.,2151
255.9764
94.7345
137.8233
162.2643
187.5457
206.1278
229.0570G
245.4865
89.8253
117.0616
141.4426
167.1859
186.3912
210.2296
227.7952
89.6000
112.9924
137.3541
163.1177
182.4868
206.4809
224.,2458

BASE CASE

541.5610
642.,0884
657.2993
663.9316
663.0972
653.3730
638.087¢
297.3374
381.0093
402.5913
420.6204
431.2195
440.1509
442 .49506
176.9946
248.4332
272.,1423
294 .6687
310.0852
327.1360
337.5950
100.7168
150.5252
175.0777
200.1798
218.5707
240.9724
256.8152

94.6977
137.9881
162.5527
187.9640
206.6457
229.6968
246 .2177

89.8188
117.0418
141.5304
167.4043
186.7093
210.6815
228.3456

89.6000
112.9378
137.4023
163.2984
182.7658
206 .8996
224.7614

DIRECT

~0.8587
-0.969%4
-0.9560
~0.9301
-0.9076
-0.8741
-0.8449
-0.,5722
-0.7364
-0.7295
-0.7118
~0.6973
~0.6755
-0.6574
~-0.2947
~0.5154
~-0.5227
-0.5195
-0.5159
-0.5097
-0.5031
0.0297
-0.1873
-0.2346
-0.2569
-0.2909
-0.3126
-0.3266
£.0389
-0.1194
-0.1774
-0.2225
-0.2506
-0.2785
-0.2970
0.0072
0.0169
-0.0620
-0.1305
-0.1704
-0.2145
~-0.2410
0.0
0.0483
-0.0351
-0.1107
~0.1526
-0.20624
-0.2294

GRESS

-0.8673
-0.9801
-0.9667
-0.9402
~0.9174
~0.8837
-0.8537
~0.5860
-0.7438
-0.7371
-0.7190
-0.7043
~0.6821
-0.6634
-0.295
-0.5203
-0.5275
~-0.5240
-0.5205
-0.5143
~-0.5076
0.0303
~-0.1886
~0.2361
-0.2711
-0.2928
—-0.3143
~-0.3292
0.039%
~0.1201
-0.1785
~0.2233
-0.2516
-0.2799
~-0.2989
0.0072
G.0177
-C.0620
-0.1307
-0.1713
-0.2155
—0.,2424
0.0
0.0493
-0.0345
-0.1108
~0.1534
~-0,2017
-0.2308
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Table 14. Sensitivity of Temperature to Parameter B
in Conductivity Equation for Benchmark 4

TBUR TXCORD  PERT CASE  BASE CASE DIRECT CRESS
0.1600 41.6870 541.2004 541.5610 -0.0666 ~0.0665
1.0000 41.6870 641.5825 642.0884 -0.0788 -0.0792
2.0000 41.6870 656.7825 657.2993 -0.0786 ~0.0788
3.5000 41,6870 663.4202 663.9316 =0.0770 ~0.0770
5.0000 41.6870 662.6001 663.0972 ~0.0750 -0.0752
7.5000 41.687C 652.9011 653.3730 ~0.0722 -0.0722

10.0000 41.687C 637.6458 638.0876 ~0.0693 -0.0692
0.1000 39.7000 297.2227 297.3374 ~0.0386 -0.0385
1.0000 39.7000 380.8118 381.0093 ~0.0518 -0.0517
2.0000 39.7000 402,3816 402.5913 ~0.0521 ~0.0520
3.5000 35.7000 420.4038 420.6204 ~0.0515 -0.0514
5.0000 39.7000 431.0015 431,2195 -0.0506 -C.0507
7.5000 39.7000 439.9348 440.1509 -0.0491 -0.0493

10.0000 39.7000 442.2825 442.4956 -0.0482 -0.0481
0.1000 36.4190 176.9633 176.9946 -0.0177 -0.0178
1.0000 36.4190 248.3514 248.4332 -0.0329 ~-0.0330
2.0000 36,4190 272.0503 272.1423 -0.0338 ~-0.0341
3.5000 36.4190 294.567¢ 294.6687 ~0.0343 ~-0.0344
5.0000 36.4190 309.9785 310.0852 -0,0344 -0.0345
7.5000 36,4190 327.0232 327.1360 -0.0345 -0.0345

10.0000 36.4190 337.4800 337.5950 -0.0341 -0.0343
0.1000 26.5760 100.7185 100.7168 0.0017 0.0016
1.0000 26.5760 150.5088 150,5252 -0.0109 -0.0111
2.0000 26 .5760 175.0532 175.,0777 -0.0140 -0.0141
3.5000 26 .5760 200,1469 200,1798 -0.0164 -0.0165
5.0000 26.5760 218.5311 218.5707 ~-0.0181 ~0.0181
7.5000 26.5760 240.9247 240.9724 ~-0,0198 -0.0197

10.0000 26 .5760 256.7622 256 .8152 -0.0206 -0.0209
0.1000 22.9670 94.6998 94.6977 0.0022 0.0022
1.0000 22,9670 137.9786 137.9881 ~0.0069 -0.0070
2.0000 22.9670 162.5357 162.5527 -0.0105 -0.0105
3.5000 22.9670 187.9388 187.9640 -0.0134 -0.0135
5.0000 22.9670 206.6137 206.6457 -0.0155 -0.0154
7.5000 22.9670 229.6585 229.6968 -0.0167 -0.0174

10.0000 22.9670 246.1715 246 .,2177 -0.0188 -0.0188
0.1000 10.1710 89.8191 89.8188 0.0003 0.0004
1.0000 16.1710 117.0430 117.0418 0.0010 0.0010
2.0000 1C.1710 141.5255 14).5304 -0.0035 -0.0036
3.5000 10.1710 167.3910C 167.4043 -0.007% -0.0077
5.0000 10.1710 186.6902 186.7093 -0.0102 ~-0.0103
7.5000 10.1710 210.6543 210.6815 -0.0129 -0.0132

10.0000 1G.1710 228.3120 228.3456 -0.0147 -0.0150
G.1000 0.0 89.6000 89.6000 0.0 0.0
1.0000 0.0 112.9411 112.9378 0.0029 0.0028
2.0000 0.0 137.3991 137.4023 -0.0023 -0.0020
3.5000 0.0 163.2878 163.2984 ~0.0065 -0.0065
5.0000 0.0 182.7494 182.7658 ~0.0090 -0.0092
7.5000 0.0 206.8743 206.8996 -0.0122 ~0.0123

10.0000 0.0 224.7288 224.7614 ~0.0145 -0.0142



TBUR

0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
1C€.0000
0.1000
1.0000
2.0000
3.5600
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10,0000
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Table 15. Sensitivity of Temperature to Density
of Geological Medium for Benchmark 4

TXCORD

41,6870
41 .6870C
41.6870
41.687¢C
41.6870
41 .687C
41,6870
39,7000
39.7000
39,7000
32,7000
39.7000
39,7000
39,7000
36,4190
36.4180
36.4190
36,4190
36.4190
36.4190
36.4190
26.5760
26 .5760
26 .5760
26.5760
26.5760
26.5760
26.5760
22.9670
22.9670
22.9670
22.967

22,9670
22.9670
22.9670
10.1710
10.1710
10.1710
10.1710
106.1710
10.1710
16,1710
G.0

DODO0O o
« & o 9 * @
OO DO DO

PERT CASE

540.8835
641 .5562
656 .6250
663.0759
662.1140
652.2444
636.8708
256 ,8560
380.5857
402.0388
419.881¢8
430.3982
439.1648
441 .4214
176.6401
248.0657
271.6282
294 .0356
309.3467
326.2739
336.647¢
100.5737
150.1834
174.6348
199.6052
217.8747
240.1783
255.9391

94.6078
137.6550
162.,1158
187.3957
205.9830
228.9137
245.3248

89.8099
116.7486
141.1035
166.8488
186.0569
209.9145
227 .4921

89.6000
112.64%94
136.9756
162.7462
182.1148
206.1356
223.9133

BASE CASE

541.5610
642.0884
657.2993
663.,9316
663.0972
653.3730
638.0876
297.3374
381.0093
402.5913
420.6204
431.2195
440.1509
442.4956
176.9946
248.4332
272.1423
254 .6687
310.0852
327.1360
337,5950
100.7168
150.5252
175,0777
200.1798
218.57C7
240.9724
256 ,8152
94.6977
137.9881
162.5527
187.9640
206 .6457
229.6968
246.2177

89.8188
117.0418
141.5304
167.4043
186.7093
210.8815
228.3456
89.6000
112.9378
137.4023
163.2984
182.7658
206.8996
224.7614

DIRECT

-0,1251
-0.0829
~0.1026
~0.1289
~0.1483
~0.1727
-0.1907
-0.1619
-0.1112
-0.1372
-0.1756
-0.1905
~-0.2240
-0.2428
-0.2003
-0.1479
~0.1889
-0.2148
~0.2382
-0.2635
~0.2805
-0,1421
~0.2271
~0.2530
~0.2870
-0.3184
-0.3295
-0.3411
-0.0949
-0.2414
-0.2688
-0.3023
-0.3207
~0.3409
~0.3626
-0.0099
~0.2505
-0.3016
-0.3318
~0.3494
-0.3641
-0.3738
0.0
~0.2554
-0.3105
-0.3382
-0.3562
-0.3693
-0.3773

GRESS

-0.1256
~-0.0836
-0.1033
-0.1298
-0.1454
-0.173%
~0.1923
-0.1624
~0.1119
-0.1382
~0.1702
~0.1922
~-0.2191
-0.2376
-0.2011
~-0.1489
-0.1811
-0.2166
~-0.2397
—0.2656
~0.2832
-0.1434
-0.2149
-0.2548
-0.2892
-0.3094
-0.3317
~-0.3440
-0.0958
-0.2285
~0.2707
~0.3047
~0.3231
-0.3440
-0.3553
-0.0101
-0.2526
-0,3039
-0.3348
~-0.3521
-0.3671
~0.3771
0.0
-0.2576
-0.3126
-0.3407
-0.3589
-0.3721
-0.3813



TBUR

0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
¢.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10,0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
$.1000
1.0000
2.0000
3.5000
5.0000
7.5000
1C.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000

Table 16. Sensitivity of Temperature to Specific Heat
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of Geological Medium for Benchmark 4

TXCORD

41.6870
41.6870
41.687C
41.687C
41,6870
41.6870
41.6870
39.7000
39.7000
39.7000
39.7000
39,7000
3%.7000
39,7000
36.4190
36.4190
36.4190
36.4190
36.4190
36.4190
36.4190
26.5760
26.5760
26 .5760
26.5760
26.5760
26.5760
26 .5760
22.9670
22.9670C
22.9670
22.9670
22.9670
22.9670
22.9570
10.1710
10.1710
10.1710
1C.1710
10.171G
10.1710
10.1710

oo oo Oo
s s e e e * .
OO0 OoOOO

PERT

540,
641.
656.
663.
662.
652.
636.
296 .
380.
402,
419,
430,
439,
441 .
176.
248,
271.
204,
309.
326.
336.
100.
1%50.
174.
199.
217.
240,
255.

94.
137.
162.
187.
205,
228,
245,

89.
116.
141.
166.
156.
209,
227.
89.
112.
136.
162.
182.
206 .
223.

CASE

8835
55672
6250
0759
11490
2444
8708
8560
5857
0388
8818
3982
1648
4214
6401
0657
6282
0356
3467
2735
6479
5737
1834
6348
6052
8747
1783
9391
6078
6550
1158
3957
3830
9137
3248
8099
7486
1035
8488
0569
9145
4921
6000
6494
9756
7462
1148
1356
9133

BASE

541
642
657
663
663
653

297
381
402
420
431
440
442

176.
248,
.1423
.668

310.
.1360
.5950
.7168
.5252
175.
.1798
5707
L9724
.8152
6977
.9881
L5527
.9640
-6457
229.
L2177
.81E8
.041¢
.5304
.4043
.7093

272
294

327
337
100
150

200
218
240
256

94
137
162
187
206

246

89
117
141
167
186

210,
.3456
.6000
.9378
.4023
.2984
.7658
.8996
.7614

228

89
112
137
163
182
206
224

CASE

.5610
.0884
.2993
.9316
0972
3730
638.
L3374
.0093
.5013
.6204
.2195
.1509
L4956

0876

9946
4332

0852

0777

6968

6815

DIRECT

~0.1251
~0.0829
-0.102¢
~-0.128%
-0.1483
=0.1727
~-0.1907
~-0.1619
~0.1112
~0.1372
~0.1756
~0.1905
~0.2240
~0.2428
-0.2003
~0.1479
~0.1889
-0.2148
-0.2382
~0.2635
~0.2805
-0.1421
-0.2271
~0.2530
~-0.2870
-0.3184
~0.3295
~0.3411
-0.094¢9
-0.2414
-0.2688
~0.3023
~0.3207
-0.3402
-0.3626
-C.0058
-0.2505
~C.3016
—-0.3318
-0.34%4
-0.3641
-0.3738
0.0
-0.2554
~0.3105
-0.3382
~0,3562
-0.3693
-0.3773

GRESS

~0.
~0.
~-0.
~0.
.1494
1739
.1923
.1624
L1119
.1382
L1702
.1922
.2191
.2376
.2011
.1489
.1811
.2166
L2397
L2656
.2833
1434
.2149
.2548
.2892
.3094
.3317
.3440
.0958
.2285
L2707
.3047
.3231
.3440
.3553
.010]
.2526
.303¢%
.3348
3521
3671
3771

1256
0836
1033
1298

L2576
.3126
.3407
.3589
3721
.3813
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Table 17. Sensitivity of Temperature to Initial Temperature
of Geological Medium for Benchmark 4

TBUR TXCORD  PERT (ASE  BASE CASE DIRECT GRESS
0.1000 41.687¢C 543.0244 541.5610 0.2702 0.2702
1.0000 41,6870 643.7153 642.0864 0.2534 0.2534
2.0000 41.6870 658.9241 657.2993 0.2472 0.2475
3.5000 41.6870 665.5405 663.9316 0.2422 0.2423
5.0000 41.6870 664.6846 663.0972 0.2394 0.2396
7.5000 41.6870 654.9270 653.3730 0.2378 0.2377

10.0600 41.6870 635.6057 638.0876 0.2379 0.2380
0.1000 38.7000 298.4746 297.3374 0.3825 0.3825
1.0000 39.7000 382.2783 381.0093 0.3331 (.3332
2.0000 39.7000 403.8723 402.5913 0.3182 0.3183
3.5000 39.7000 421.9048 420.6204 (.3054 0.3053
5.0000 39.7000 432.5020 431.,2195 0.2974 0.2974
7.5000 39.700C 441 ,4258 440,1509 0.2897 0.2897

10.0000 3%.7000 443.7595 442 .4956 0.2856 0.2860
0.1000 36.4190 177.9700 176.9946 0.5511 0.5511
1.0000 36.4190 249.5145 248,4332 0.4352 0.4353
2.0000 36.4190 273.2415 272.1423 0.403¢ 0.4036
3.5000 36.4190 295.,7788 294.6687 0.3767 0.3766
5.0000 36.4190 311.2024 310.0852 0.3603 0.3602
7.5000 36.4190 328.2593 327.1360 0.3434 0.3434

10.6060 36.4190 338.7212 337.5950 0.3336 0.3334
0.1000 26,5760 101.6078 106.7168 0.8847 0.8845
1.0000 26.5760 151.4431 150.5252 0.6098 0.6244
2.6000 26.5760 176.0362 175.0777 0.5475 0.547%
3.5000 26,5760 201.1564 200.1798 (.4879 0.4878
5.0000 26.5760 219.5358 218.5707 C.4416 0.4528
7.5000 26.5760 241 .9767 240,9724 0.4168 0.417G

10.0000 26.5760 257.8315 256 .8152 0.3958 0.3956
0.1000 22.9670 95.5874 94,6977 0.9395 0.9397
1.0000 22.9670 138.8885 137.9881 0.6525 0.6681
2.G000 22.9670 163.4932 162.5527 0.5786 0.5785
3.5000 22,9670 188.9225 187.9640 0.5099 0.5102
5.0000 22.967C 207.6185 206.6457 0.4708 0.4708
7.5000 22,9670 230.6872 229.6968 0.4312 0.4306

16.0000 22.9670 247.2187 246 .2177 0.4066 0.4066
0.1000 10.1710 90.7137 89.8188 0.9963 0.9%64
1.0000 10.1710 117.9349 117.0418 0.7631 0.7627
2.0000 10.1710 142.4402 141.5304 0.6428 0.6428
3.5000 10.1710 168.3332 167.4043 0.5549 0.5552
2.0000 10.1710 187.6531 186.7093 0.5055 0.5056
7.5000 10.1710 211.6447 210.6815 0.4572 0.4570

10.0000 10.1710 229,3221 228,3456 0.4276 0.4275
0.1000 0.0 90.4960 89.6000 1.0000 1.0000
1.0000 0.0 113.8249 112.9378 0.7855 0.7855
2.0000 0.0 138.3057 137.4023 0.6575 0.6575
3.5000 0.0 164.2222 163.2984 0.5657 0.5657
5.0000 0.0 183.7042 182.7658 0.5134 0.5134
7.5000 0.0 207.8572 206 .899%6 0.4628 0.4628

10.0000 0.0 225.7355 224.,7614 0.4334 0.4322



TBUR

0.1000C

1.0000

2.0000

3.5000

5.0000

7.5000
10.0000
.1000
.0000
.0000
.5000
.0000
.5000
.0000
.1000
-0000
.0000
.5000
.0000
.5000
.0000
.10C0
.0000
.0000
.5000
.0000
.5000
.0000
.1000
.0000
.0000
.5000
.0000
.5000
.0000
.1000
.0000
.0000
.5000
.0000
.5000
.0000
.1000
.0000
.0000
.5000
.0000
.5000
.0000

— — — b —
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Table 18. Sensitivity of Temperature to Value of TXCORD,
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Location in Medium for Benchmark 4

TXCORD  PERT CASE

41.687¢C 670.3599
41.687C 778.0872
41.6870 789.0510
41.6870 788.7627
41.6870 781.1624
41.6870 760.6982
41.6870 735.5649
38.7000 325.7268
39.7000 411.6824
38.7000 432.6501
39.7000 449.4714
39.7000 458.8835
35.7000 465.755%8
39.7000 466.1387
36.4190 184.809Z
36.4190 257.2859
36.4190 280.8831
36.4190 303.1416
36.4190 318.2649
36.4190 334.8040
36.41¢20 344.7493
26 .5760 101.3574
26.5760 151 .6658
26.5760 176.2149
26.5760 201.2910
26 .5760 219.6502
26.5760 241 .,9933
26 .5760 257.7788
22.9670 94.9636
22.9670 138.6503
22.9670 163.2155
22.9670 188.6119
22.9670 207.2757
22,9670 230.2949
22,9670 246.,7810
10.1710 89.8251
10.1710 117.1280
16.1710 141.6172
10.1710 167.4893
10.1710 166.7924
10.1710 210.7605
10.1710 228.4208
0.0 89.6000
0.0 112.9378
0.0 137.4023
0.0 1€3.2984
0.0 182.7658
0.0 206 .8996
0.0 224.7614

RASE CASE

541.561C
642.0884
657.2993
663.9316
663.0972
653.3730
638.0876
297.3374
381.0093
402.5913
420.6204
431,2195
440.1509
442 ,4956
176.9946
248.4332
272.1423
294 .6687
310.0852
327.1360
337.5950
100.7168
150.5252
175.0777
200.1798
218.5707
240.9724
256 .8152

94.6977
137.9881
162.5527
187.9640
206 .6457
229.6968
246 .2177

89.8188
117.0418
141 .5304
167.4043
186.7093
210.6815
228,3456

892.6000
112.9378
137.4023
163.2984
182.7658
206 .899%6
224.7614

DIRECT

23
21
20

17
16

COOOOOO OO0 OO0 OOCOOOCOOOCOQONNNNMNWWE LI
« s s s s+ 4 s

[N NoNoleNoNol

.7829
.1807
.0444
18.
.8051
L4263
15.
.5479
.0505
L4663
.8592.
.4153
.8182
.3431
A153
.5634
.2118
.8754
6379
.3440
.1192
.6361
L1577
.6495
.5551
4939
4237
3752
.2808
4799
L4077
.3447
.30498
.2604
.2288
.0070
0737
.0613
.0508
.0445
.0375
.03289

8018

2765

GRESS

18.4936
16 .5256
15.6761
14.7388
13.9902
12.9564
12.0828
8.6703
7.3263
6.7994
6.2585
5.8517
5.3179
4.8894
4.1874
3.3923
3.0582
2.7387
2.5133
2.2341
2.0205
0.6192
0.7456
0.6395
0.5464
0.4864
0.4176
0.3690
0.2742
0.4742
0.4031
0.3408
0.3016
0.2572
0.2262
0.0070
0.0729
0.0610
0.0506
0.0442
0.0372
0.0324

OO OO ODOO
.« . . .
COOOCOOO



TBUR

0.1000
1.0000
2.0000
3.5000
£.0000
7.5000
106.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10,0000
0.1000
1.0000
Z2.0000
3.5000
5.0000
7.5000
10.0000
0.1000
1.0000
2.0000
3.5000
5.0000
7.50060
10.0000
¢.1000
1.0000
2.0000
3.5000
5.0000
7.5000
10.0000

Table 19.

TECORD

41.6870
41.6870
41 .6870
41 .687¢C
41.6870
41.e870C
41.687¢
3%.7000
39,7000
39.7000
39.7000
39.7000
39.7000
39.7000
36.4190
36.4190
36.4190
36.4190
36.4190
36.4190
36.4190
26 .5760
26.5760
26.5760
26.5760
26.5760
26.5760
26 .5760
22,9670
22.9670
22.9670
22.9670
22.9670
22.9670
22.9670
10.1710
10,1710
10,1710
10.1710
16.1710
10,1710
16,1710
0.0

OO0
L] . L . .
SO O O

Sensitivity of Temperature to Source Pitch
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in X-Direction for Benchmark 4

PERT CASE

456 .6516
551.8403
569.2361
5759.7278
582,8103
575.4795
570.2715
271.97¢8
353.3848
375.2180
393.,9250
405.3342
415,7000
419,5876
1€8.7554
238.9369
262.5164
285.,0132
300.5076
317.8064
328.5984

99.7506
148.6183
172.9308
197.7967
216.0032
238,2481
253.9891

94,2326
136.6227
160.9387
186.1036
204.6122
227 .4580
243.8205

89,7936
116.3504
140.5707
166.1902
185.3035
209.0474
226 .5410

82.6000
112.3513
136.5417
162.1879
181 .4554
205.3597
223.0492

BASE CASE

541 .5610
642.,0884
657.2993
663.9316
663.0972
653.3730
638.0876
297.3374
381.0093
402.5913
420.6204
431.2195
440,1509
442.4956
176.9946
248.4332
272.1423
294.6687
310.0852
327.1360
337.5950
100.7168
150.5252
175.0777
200.1798
218.5707
24G.9724
256.8152

94.6977
137.9881
162.5527
187.9640
206 .6457
229.69%8
246,2177

89.8188
117.0418
141.5304
167.,4042
186.7093
210.6815
228.345%

89,6000
112.9378
137.4023
163.2%84
182.7658
206 .8996
224,7614

DIRECT

-15.6786
~14.0554

-13.3977

~12.6826
~12.1079
-11.3096
-10.6280
-8.5292
~7.2504
-6.7983
~-6.3467
-6.0028
-5.5551
-5.1770
-4.6551
-3.8225
-3.5371
~3.2767
-3.0887
-2.8518
~2.6649
-0,9593
-1.2668
-1,2263
~1.1905
-1.1747
-1.1305
-1.1004
-0.4911
-0.9895
~0.9929
~£.9898
~0.9841
-0.9747
~-0.9736
-0.0281
-0.5907
-0.6781
~(.7252
~0.7529
-0.7756
~-0.7903
0.0
~0.5193
-0.6263
~C.6800
-0.7170
~0.7443
-0.7618

GRESS

-12,0675
~-17.0493
-16.2206
-15.3167
-14,5914
-13.5849
-12.7297
~-5.3869
-7.9513
-7.4476
-6.,9413
-6.5571
-6.0486
~-5.6346
-4.9419
-4.0384
-3.7329
-3.4529
~3.2508
-2.9969
=-2.7972
-1.0014
~1.2576
-1.2536
-1.2157
-1.1873
~1.1521
-1.1214
-0.5131
-1.0091
-1.0107
-1.0066
-1.0000
~0.9902
-0.9783
-0.0296
~-0.5985
~-0.6861
-0.7338
-0,7614
-0.7647
~0.7996
0.0
-0.5256
~0.6330
-0.6880
-0.7247
~0.7518
-0.7714



TBUR

.1000
.0000
.0000
.5000
.0000
.5000
.0000C
.1000
.0000
.0000
.5000
.00060
.5000
.0000
.1000
.0000
.0000
.5000
.0000
.5000
.0000
.1000
.0000
.0000
.5000
.0000
.5000
.0000
.1000
.0000
.0000
.5000
.0000
.5000
.0000
.1000
.0000
.0000
.5000
.0000
.5000
.0000
.1000
.0000
.0000
.5000
.0000C

7.5000
10,0000

—
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Table 20. Sensitivity of Temperature to Source Pitch
in X-Direction for Benchmark 4

TXCORD

41.e87¢C
41.687¢C
41,6870
41.6870
41.687¢C
41 .687C
41 .687C
39.7000
39.7000
39.7000
3%8.7000
39.7000
39,7000
39,7000
36.4190
36.4190
36.4190
36.4190
36.4190
36.4190
36.4190
26 .5760
26.5760
26.5760
26 .5760
26.5760
26.5760
26.5760
22.9670
22.9670
22.9670
22.9670
22.9670
22.9670
22.9670
10.1710
10.1710
10.1710
10.1710
1C.1710
10.1710
10.1710
0.0

OO COOoOO
s 0 e s s .
SCOOO OO

FERT CASE

541 .5613
641 .3191
656.1292
662.3838
661.2832
651 .2568
635.7751
297.3376
380.3784
401.6309
419.3093
429.7031
438.2949
440.4829
176.9906
247 .8893
271.2832
293.5408
308.7153
325.5325
335.7773
100.7168
150.09%6
174.4131
199.2460
217.4092
235.5798
255.2408

94.6977
137.6061
161.9357
187.0551
205.5608
228.3582
244 .,6926

89.8188
116.7946
141.0374
166.6424
185.7472
206.4675
226.9430
89.6000
112.7194
126.9382
162.5693
161.8350
205.7174
223.3898
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BASE CASE

541.5610
€42.0884
657.2993
663.9316
663.0972
€53.3730
638.0876
297.3374
381.0093
402.5913
420.6204
431.2195
440.1509
442.4956
176.9946
248.4332
272.1423
294 .6687
310.0852
327.1360
337.5950
100.7168
150,5252
175.0777
200.1798
218.5707
240.9724
256 .8152
94.6977
137.9881
162.5527
187.9640
206 .6457
229.6968
246 .2177
89.81¢€8
117.0418
141.5304
167.4043
186.7093
210.6815
228.3456
89.6000C
112.9378
137.4023
163.2984
182.7658
206 .8996
224.7614

DIKECT

0.0000
~0.1198
-0.1780
~0.2331
-0.2736
-£.3239
-0.3624

0.0001
-0.1656
-0.2386
~0.3117
~-0.3516
-0.4217
-0.4549
-0.0023
~(.2188%
-0.3157
~0.3828
-0.4418
-0.4902
~0.5384

6.0
~0.2828
~0.379%
~-0.4665
-0.5314
~0.5779
-0.6120

0.0
-0.2768
-0.3796
-0.4836
-0.5250
-0.5828
-0.6194

0.0
-0.2112
-0.3483
~-0.4545
-0.5153
-0.5762
-0.6142

0.0
-0.1934
-0.3378
-0.446%
-0.5093
-0.5714
-£.6102

CRESS

0.0000
-0.1218
-0.1805
-0.2362
-0.2771
~-0.3280
-0.3668

0.0001
-0.1682
~0.2417
-0.3084
-0.3561
-0.4127
-0.4535
-0.0023
-0.2225
-0.3116
-0.3878
-0.439]
~0.495S%
-0.5365

0.0
~0.2737
~0.3844
~0.4720
~0.5259
~0.5841
~0.6202

0.0
-0.2665
~-C.3840C
~0.4767
~C.5308
-0.5899
-0.6260

0.0
-0.2136
-0.3522
-0.45%5
-0.5208
-0.5826
-0.6214

0.0
~C.1951
-0.3414
~G.4513
-0.5145
-0.5783
~0.6174
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Table 21. Sensitivity of Temperature to Metric Tons
of Heavy Metal Per Canister for Benchmark 4

TBUR TXCCRE  PERT CASE  BASE CASE DIRECT GRESS
0.1000 41.687¢C 547.3110 541 .561C 1.0617 1.0594
1.0000 41.687¢C 643.4485 642.0884 1.1463 1.1429
2.0000 41.6870 664.8708 657.2993 1.1519 1.1488
3.5000 41.687¢C 671.5686 663.9316 1.1503 1.1471
5.0000 41.6870 670.6909 663.0972 1.1452 1.1420
7.5000 41.687C 660.7756 653.3730 1.1330 1.1298

10.0000 41 .6870 645.2217 638.0876 1.1180 1.1152
0.1000 39.7000 299,6797 297.3374 0.7878 0.7869
1.0000 39.7000 384.4727 381.0093 0.909C 0.9074
2.0000 39.7000 406 ,3306 402.5913 0.9288 0.9273
3.5000 39,7000 424,5840 420.6204 0.9423 0.9406
5.6000 39.7000 435,3120 431.2185 0.9491 0.9471
7.5000 39.7000 444 .3416 440,1509 0.9521 0.9506

10.0000 39,7000 446 .7012 442.4956 0,9504 0.249]
G.1000 36.4190 177.9073 176.9946 0.5157 0.5153
1.0000 36.4190 250,1798 248.4332 0.7030 0.7022
2.0000 36.4190 274.1665 272.1423 0.7438 0.7427
2.5000 36.4190 296.9558 294 .6687 0.7762 0.7750
5.0000 36.4190 312.5518 310.0852 0.7954 0.7947
7.5000 36.4190 329.8030 327.1360 0.8153 0.8144

16.0000 36.4190 340.3848 337.5850 0.8264 0.8251
0.10G60 26 .5760 100,82°%1 100.7168 0.1115 0.1114
1.0000 26.5760 51.1495 150,5252 0.4147 0.4146
2.0000 26 .5760 175.9622 175.0777 0.5052 0.5051
2.5000 26 .5760 201.3351 200.1798 0.5771 0.5769
5.0000 26.5760 219.9272 218.57C7 0.6206 0.6204
7.5000 26.5760 242 .5768 240.9724 0.6658 0.6658

10.0000 26.5760 258.5991 256.8152 0.6946 0.6941
¢.1000 22.9670 94,7489 94.6977 0.0541 0.0541
1.0000 22,9670 138.4793 137.,9881 0.3560 0.3556
2.0000 22.9670 163.3002 162.5527 0.4598 0.4598
3.5000 22,9670 188.9819 187.9640 0.5415 0.5414
5.0000 22.9670 207.8651 206 .6457 0.5901 G.5903
7.5000 22.9670 231.1705 229.6968 C.64l16 0.6412

10.6000 22.9670 247.8758 246 .2177 0.6734 0.6730
0.1000 10.1710 89.8210 80.8188 0.0024 0.0024
1.0000 10.1710 117.3157 117.0418 0.2340 0.2339
2.0000 10.1710 142.0534 141.5304 0.3695 0.3695
3.5000 10.1710 168.1962 167.4043 0.4730 0.4732
5.0000 106.1710 187.7062 186.7093 0.5339 0.5337
7.5000 10.171¢ 211.9375 210.6815% 0.5962 0.5958

16.0000 16.1710 229,7957 228.3456 0.6350 0.6345
0.1000 0.0 89.6000 89,6000 0.0 0.0
1.0000 0.0 113.1698 112.9378 0.2054 0.2055
2.0000 0.0 137.8817 137,4023 0.3489 0.3491
3.5000 0.0 164.0466 163.2984 0.4582 0.4580
5.0000 0.0 183.7191 182.7658 0.5216 0.5215
7.5000 C.0 208.1113 206 .8996 0.5856 0.5861
10.0000 0.0 226.1699 224.7614 0.6267 0.6263



TBEUE

.1000
.0000
.0000
.5000
.0000
5000
.0000
1000
.0000
.0000
5000
.0000
5000
.0000
1060
.0000
.0000
.5000
.0000
.5000
.0000
L1000
.0000
0000
.5000
.0000
.5000
10.0000
L1000
.0000
.0000
.5000
.000¢
5000
.000C
100G
.0000
00600
5000
.0000
5000
.C000
1060
.0000
.000¢
.5000

5.000C

7.5000
1G.G000

1

s
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Table 22. Sensitivity of Temperature

to Source Length for Benchmark 4

TXCORL

41
41
41
41
41
41
41
36
35
39
54
38
3¢
3¢
36
36
36
36
36
36
36
2

26
26
26
26
26
26
22
v
22
22
22
22
22
1C

10
1C
1C
16
1C

OO OO OoO OO
o« s+« w4 s e
OCOOOOoO OO

.687C
.687C
.687C
.687C
6870
.6870C
.6870
.7000
L7000
.7000
.7000
.7000
. 7000
.7000
4100
.4190
L4190
4190
.4190
.4190
L4190
.5760
5760
5760
5760
L5760
.5760
L5760
L9670
L9670
9670
L9670
.967¢
9670
9670
1710
10,

1710

L1710
L1710
L1710
L1710
1710

PERT CASE

537.6055
637.8577
653.1873
660.0273
659.3%62
649.9944
635.0103
296.1663
379.7268
401.3323
419.,4099
430.061C
439.0752
441.5002
17¢.7104
248.1067
271.8193
294 .3557
309.7834
326.8521
337.3308
100.7005
150.4976
175.0495
200,1523
218.5437
240.9465
256.7¢15

94.6912
137.9728
162.5367
187.9483
206.6304
229.6826
246 .,2039

89.81E8
117.041¢€
141 ,5307
167.4042
186.7092
210,.6816
228.,3458
89.6000
112.9378
137.4023
163.2984
182.7659
206 .8997
224.7614

BASE CASE

541 .561¢C
642.0884
657.2993
663.9316
€63.0972
652.3730
635.0876
297.3374
381.0093
402.5913
420.6204
431.2195
440.1508
442 .4556
176.994¢6
248.4332
272.1423
294 .6687
210.0852
327.1360
337.5950
100.7168
150.5252
175.0777
200.1798
218.5707
240.9724
256 .8152
94.6977
137.9881
162.5527
187.9640
206 .6457
229.6968
246 .2177
82.8188
117.041¢%
14} .5304
167.4043
186.7093
210.6815
228.3456
89.6000
112.9378
137.4023
163.2984
182.7658
206 .8996
224.,7614

DIFECY

-C

A
v

-0
~C
-0
~C
~C
-0
-0
-0
~C
-0
-0
-0
-0
~C
-0
-0
-0
-0
-G
-0
-0
-0
~C
-0
-0
-0
-0
-0
-0
~C
-0
-0
-0

0

0

0
-0
-0

COCOOO OO D
. ¢« s e

L7304
.6589
6256
.5881
.5581
.5171
.4823
.3935
.3366
L3127
.2878
.2686
.2444
.2249
.1606
1314
L1187
.1062
.0973
.0868
0782
0162
.0183
0161
L0127
.0123
L0107
.0092
.0069
0111
.009¢8
.0084
.0074
0062
.0056
.0

.0

.0002
.0001
.0001
.0000
.0001

CRISS

-0.7365
~-0.6644
~0.6304
-0.5928
-0.5627
-0.5211
-0.4859
-0.3953
-0.3379
-0.3137
~(0.2888
-G.2701
-C.2454
~0.2257
-.16C6
-0.1314
-0.118¢
-0.1063
-0.0975
-0.0867
~0.0784
-0.0160
-0.0187
-0.0162
-0.0139
~0.0124
-0.0107
~0.0094
-0.0068
-0.0112
~0.0097
-0.0083
-0.0074
-0.0063
-C.0055
0.0000
0.0000
€.0000
0.0000
0.0000
0.0000
G.0000
0.0
0.0000
0.0000
0.0000
¢.0000
G.0000
0.0000



TBUR

0.1000

1.0000

2.0000

3.5000

5.0000

7.5000
10.0000
.1000
.0000
.0000
.5000
.0000
L5000
0000
L1000
.0000
.0000
.5000
.0000
L5000
.0000
.1000
L0000
0000
L5000
000
5000
0000
.1000
.0000
L0000
L5000
L0000
L5000
.0000
L1000
L0000
.0000
5000
L0000
L5000
L0000
.1000
.0000
.0000
L5000
.0000
L5000
10.0000
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Table 23. Sensitivity of Temperature to Source Decay Time
Before Burial for Benchmark 4

TXCORL

41.6870
41.6870
41.6870C
41.687¢C
41.6870
41.687¢C
41.687C
3¢.7000
39,7000
39.7000
3%9.7000
39,7000
3%.7000
356.7000
36.41%0
36.4190
36.4190
36,4180
36.4190
36,4190
36,4190
26 .5760
26.5760
26,5760
26.5760
26,5760
26.5760
26,5760
22.9670
22.9670
22.9670
22.9670
22.9670
22.9670
22.9670
10.1710
10.1710
16,1710
1G.1710
10.1710
10.1710
10.1710

PERT CASE

538.9302
639.1345
654.5312
661.3433
660.6147
651.0193
635.8528
296.2617
379.6069
401.2078
419.2590
429.,8657
438.8010
441.1626
176.5745
247.7181
271.,3823
293.8701
309,2537
326.2639
336.7002
160.6651
156.2626
174,7331
159,.7608
218.0747
240.4346
256,2314
94,6740
137.7800
162.2584
187,5914
206.2180
229.2008
245.6729
89.8177
116.9232
141.319%4
167.31077
186.3543
210.2546
227.8658
89.6000
112.8364
137.2073
163.0176
182.4249
206 .4858
224.2965

47

BASE (ASE

541.561C
642.0884
657.2993
663.9316
$663.0972
653.3730
638.087¢6
297.3374
381.0093
402.5913
420.6204
431.2195
440 .1509
442 .4956
176.9946
248.4332
272.1423
284 .6687
310.0852
327.1360
337.5950
100.7168
150,5252
175.0777
200.1798
218.5707
240 .9724
256.8152

94.6977
137.9881
162.5527
187.9640
206 ,6457
229.6%8
246 ,2177

89.8188
117.0418
141.5304
167.4043
186.7093
210.6815
228.3456

89.6000
112.9378
137.4023
1€3.2984
182.7658
206 .8996
224.7614

DIRECT

~0.4858
-0.4600
~0,4211
-0.3899
~-0.3744
-.3602
~0.3502
-0,3618
-0.3681
~0.3437
-0.3236
-0.3139
~-0.3067
-0.3012
~0.2374
-0.2878
~0.2793
-0.2710
-0.2682
-0.2666
~0.2650
~0.0513
-0.1745
-0.19%8
~(.2093
~-0.2269
~0.2232
~0.2273
~0.0250
~0.1508
~-0.1810
~-0.1982
~0.2070
~0.2159
-0.2213
-0.0012
-0.1013
-0.1491
-0,1772
-0,1901
~0.2026
~-¢,2101
0.0
-0.0858
-0.1419
-0.1720
-0.1865
~0.2000
~0.2068

GRESS

~0.4921
~0.4647
~0.4241
~0.3916
~G.,3757
-0.3614
-0.3515
~C.3662
~0.3716
-0.3459
-¢.3252
-0.3155
~0.3076
~-0.3023
~-0,2403
~-0.,2906
~0.2814
~0.2727
~0,2692
~0.2672
~-0,2660
~0.0522
-0.1764
-0.19586
-0.2106
~0.2169
-0.2238
~-0.2281
~G.0254
~0.1525
~0.1826
-0.1995
-0.2080
~0.2167
-0,2221
-0.0011
-0.,1026
-0.1505
~0.1781
-0.1911
~(.2035
-0.2111
0.0
~0.0907
-0.1431
-0.1733
-0.1875
-0.2007
-0.2087
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Table 24. Sensitivity of Temperature to Value of TBUR,
Source Burial Time for Benchmark 4

TBUR T%CORD  PERT CASE  BASE (ASE DIRECT CRESS
.1000 41 .6870C 542.2144 541.5610 0.1206 0.1215
.0000 41.687¢C 642.3506 642.0884 0.0408 0.0410
.0000 41.687C 657 .4658 657.2993 0.0253 0.0259
.5000 41.687¢C 663.9734 663.9316 0.0063 0.0066
.0000 41.687C 662.9785 ©63.0972 ~0.017¢9 -0.0172
.5000 41 .6870 652.9653 653.3730 ~0.0624 -0.0619
.0000 41.687C 637.3931 638.087¢6 ~0.1089 -0.1082
.1000 36.7000 297.8362 297.3374 0.1677 0.1597
.0000 39.7000 381.3113 381.0093 6.0793 6.0797
.0000 3¢.7000 402.9060 402.5913 0.0782 0.0786
.5000 36.7000 420.9307 420.6204 ¢.0728 0.0742
.0000 36.7000 431.4822 431,2195 0.0609 0.0615
.5000 3%.7000 440.2905 440.1509 0.0317 0.0326
.0000 39.7000 442.,4844 442 .4956 -0.0025 -0.001¢8
.1000 36.4190 177.3457 176.994¢6 (0.1984 0.19%
.0000 36.4190 248.7449 248.4332 0.1255 0.1259
.0000 36.4190 272.5134 272.1423 0.1364 0.1368
.5000 36.4190 295.0884 294 .6687 0.1424 0.1434
.0000 36.4190 310.5107 310.0852 0¢.1372 0.1384
.5000 36.4190 327.5205 327.1360 0.1175 0.1184
.0000 36.4190 337.9026 337.5950 0.0911 0.0918
.1000 26 .5760 100.8608 100.7168 €.1430 0.1432
.0000 26.5760 150.8323 150.5252 0.2040 0.2042
.0000 26.5760 175.4797 175.0777 0.2296 0.2302
.5000 26 .5760 200.6903 200.1798 0.2550 0.2437
.0000 26.5760 219.1005 218.5707 0.2424 0.2427
.5000 26 .5760 241 .5206 240.9724 0.2275 0.2291
.0000 26 .5760 257.3394 256 .8152 0.2041 0.2054
.1000 22.9670 94.7882 04.6977 0.0956 0.0958
.0000 22.9670 138.2913 137.9881 €.2197 0.2201
.0000 22.9670 162.9575 162.5527 0.24%0 0.2457
.5000 22.9670 188.4577 187.9640 0.2627 0.2640
.0000 22.967¢C 207.208% 206 .6457 0.2725 0.2623
.5000 22.9670 230.2645 229.6968 0.2472 0.2487
.0000 22,9670 246.7679 246 .2177 0.2235 0.2253
.1000 16.1710 89.8279 89.81€8 0.0101 ¢.0101
.0000 10.1710 117.3316 117.0418 0.2476 0.2484
000G 1€.1710 141.9392 141 .5304 (.2888 0.2897
5000 10,1716 167.9100 167.4043 0.3021 0.3034
.0000 1¢.1710 187.2719 186.7093 0.3013 0.3024
.5000 10.1710 211.2795 210.6815 0.2838 0.2855
.0000 16,1710 228.9422 228.3456 (.2613 0.2627
.1000 0.0 89.6000 89.6000 0.0 0.0

.0g0e 0.0 113.2242 112.9378 0.2536 0.2542
.0000 0.0 137.8132 137.4023 0.2991 0.2999
.5000 0.0 1€3.8273 163.2984 0.3239 0.3112
.0000 0.0 183.3333 182.7658 0.3105 0.3115
.5000 0.0 207.5005 206 .8996 0.2904 0.2933
.0000 0.0 225.3659 224.7614 0.269C 0.2702



10.

11.

12.

13.

49

REFERENCES

Wurm, K. J, S. G. Bloom, W, G. Atterbury, "TEMP: A Finite-Line Heat Transfer
Code for Geologic Repositories for Muclear Waste," Battelle Columbus Laboratories
Report E517-02000 (March 1985).

Harada, M. et al,, "Migration of Radionuclides Through Sorbing Media, Analytical
Solutions-I1," Lawrence Berkeley Laboratory Report LBL-11616, ONWI-360
(October 1980).

"WAPPA: A Waste Package Performance Assessment Code,” Office of Nuclear
Waste Isolation (ONWI) ONWI-452 { April 1983).

Symposium on Uncertainties Associated with the Regulation of the Geological Dispo-
sal of High-Level Radioactive Waste, Gatlinburg, Tennessee, March 9-13, 1981.

"Sensitivity and Uncertainty Analysis of Reactor Performance Parameters,” Advances
in Nuclear Science and Technology 14, J. Lewins and M. Becker, eds., Plenum Press,
New York (1982).

Oblow, E. M., "An Automated Procedure for Sensitivity Analysis Using Computer
Calculus," ORNL/TM-8776, Oak Ridge National Laboratory (1983).

Oblow, E. M., "GRESS, GRadient Fnhanced Software System: Version D, User’s
Guide,” ORNL/TM-9658, Oak Ridge National Laboratory (1985).

Oblow, E. M., F. G. Pin and R. Q. Wright, "Sensitivity Analysis Using Computer
Calculus: A Nuclear Waste Isolation Application,” Nucl. Sci. Eng. 94, 46-65 (1986).

Pin, F. G, B. A. Worley, E. M. Oblow and R. Q. Wright, "An Automated Sensitivity
Analysis Procedure for the Performance Assessment of Nuclear Waste Isolation Sys-
tems,” submitted to Nucl. and Chem. Waste Management 6 (1986).

Worley, B. A.,, R. Q. Wright, F. G. Pin and W. V. Harper, "Application of an
Automated Procedure for Adding a Comprehensive Sensitivity Calculation Capability
to the ORIGEN2 Point Depletion and Radioactive Decay Code, Nucl. Sci. and Eng.
94, 180-191 (1986).

Worley, B. A. and J. E. Horwedel, "A Waste Package Performance Assessment Code
with Automated Sensitivity-Calculation Capability,” ORNL/TM-%976, Oak Ridge
Nationa! Laboratory (September 1986).

Pin, F. G., "Methodology for Coupling GRESS-Enhanced Versions of Computer
Codes for Automated Sensitivity Analysis," ORNL/TM-10120, Oak Ridge National
Laboratory (in press).

Maerker, R. E., "Concepts Involved in a Proposed Application of Uncertainty Analysis
to the Performance Assessment of High-Level Nuclear Waste Isolation Systems,”
ORNL/TM-9955, Oak Ridge National Laboratory (March 1986).






W OO0 N U W)
. .

10.

12.
13.
14,
15-19.
20,
21.

55,
56.

57.

51

ORNL/TM-9975
UC-70 (Waste)

Dist. Category:

INTERNAL DISTRIBUTION

R. G. Alsmiller, Jr.
J. Barhen

D. G. Cacuci

A. G. Croff

J. R, Einstein

. W. Flanagan

W. E. Ford, TI1I
J. E. Horwedel

J. L. Lucius

R. £, Maerker

F. C. Majenschein
Le J. Mezga

F. R. Mynatt

£. M. Oblow

Fo G. Pin

. B, Reister

T. H. Row

22.
23-27.
28-32.
33-37.

33.

39.

40.

1.

42.

43.
44-45,

46,

47.

48.

49,
50-54.

. D. Trowbridge
R. Weisbin

. A, Worley

Q. Wright

. Zlucker

T O
- -

G. H. Golub (Consultant)

R. M. Haralick (Consultant)
D. Steiner (Consultant)
RSIC

Cantral Research Library
Division Advisory Committee
Laboratory Records, RC

ORNL Y-12 Technical Sec.
ORNL Patent Office

EP&MD Reports Office

EXTERNAL DISTRIBUTION

Office of Assistant Manager for Energy Research and Development,
DOE-ORY, Oak Ridge, TN 37830

Sandy Perkins, Research and Waste Management Division, U.S.
DOE-DRO, 0Oak Ridge, TN 37830

G. Appel, Salt Repository Project O0ffice, 505 King Avenue,

Columbus, OH 43201

Rackwell Hanford Co,, P.O, Box 300, Richland, WA 99352

58.
59.
60.
61.
62.

Battelle Memorial Institute, Office

L. C. Brown

P. M, Clifton
C. DeFigh-Price
C. J. Gejer

C., MclLane

505 King Avenue, Columbus, OH 43201

67.
68.
69.
70.
71.
72.
73.

W. A, Carbiener
N. E. Carter

S. K. Gupta

W. V. Harper

W. M, Hewitt

. dJansen

. F. Kircher

D

74.
75.
16.
7.
73.
79.

B. Sager

J. Sonnicksen
R. Wild

D, Wood

of Nuclear Waste Isolation,

E. Meadow

P. Moenhler
J. Parry

G. E. Raines
R. E. Thomas
ONWI Library

. W. Dickson, Jr. (Consultant)



Pacific Northwest Laboratory, P.0. Box 999, Richland, WA 99352

80.
81.
82.
83.

M. Apted 84. M. Foley

C. Cole 85, A, Liebetrau
P. Doctor 86. M. Piepho

R. Erikson 87. S. Sneider

Sandia National Laboratories, P.0. Box 5800, Albuquerque, NM 87135

88.
89.

U.S.

91.

92.

94.

95.

96.

97.

98.

99.
100.

101.

102.

103-411,

R. Cranwell 90. R. L. Iman
J. C. Helton

DOE-BWIPO, Richland, WA 99352

D. H. Dahlem 93. M. K. Thompson
P. E. Lamont

NDonald Alexander, U,S. NOE, Civilian Radiocactive Waste Management
Programn, 1000 Independent Ave., SW, Washington, D.C. 20535

C. Koplik, The Analytic Sciences Corporation, 1 Jacob Way,
Reading, MA 10867

W. J. Kurzeka, Manager, Commercial Waste Tech. Unit, Rockwell
Hanford Operations, P.0. Box 800, Richland, WA 99352

D, Langmuir, Department of Chemistry and Geochemistry, Colorado
School of Mines, Golden, CO 80401

W. L. Lee, R, F. Weston, Inc., 2301 Research Blvd., Rockville,
MD 20850

J. A. Lieberman, OTHA, Inc., P.0. Box 651, Glen Echo, MD 20812

J. 0. Neff, U.S. Department of Energy, Richland Operations Office,
505 King Avenue, Columbus, OH 43201

T. H. Pigford, Department of Nuclear Engineering, University of
California, Berkeley, CA 94720

J. Rhoderick, U.S. DOE/OCRWM, 1000 Independence Ave., SW,
Washington, D.C. 20585

For distribution as shown in TID-4500, Distribution category
UC-70 ~ Nuclear Waste Management

wU.S. GOVEANMENT PRINTING OFFICE 1986--730-064/40069



