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Table 6-1. Experimental results for the unsaturated Series A (1-23), saturated Series B (24-34), matrix-
only fiatur:;ted Series C (3549), air-filled Series D (50-57), and water-filled Series E (58-66)
experimen

)
H to Test Tiower(C) Ty, (C) T,
s v g (© AT (K) TERm | QWimd Koy (WinK)
1 70.00 23.14 46.57 46.86 312.40 75.52 0.246
2 69.40 23.35 46.375 46.05 307.00 80.36 0.266
3 76.60 39.94 58.27 36.66 244.40 67.59 0.281
4 92.44 40.43 66.43 52.01 346.73 101.75 0.298
5 85.66 20.98 53.32 64.68 431.20 115.80 0.273
6 33.28 19.53 26.40 13.75 91.67 20.74 0.230
7 165.35 25.30 95.32 140.05 933.67 300.47 0.341
8 192.96 26.29 109.62 166.67 1111.13 357.20 0.34
9 166.18 25.56 95.87 140.62 937.47 279.26 0.315
10 139.73 24.75 82.24 114.98 766.53 209.13 0.289
11 118.32 24.49 71.40 93.83 625.53 163.40 0.276
12 93.05 23.53 | 58.29 69.52 463.47 113.56 0.259
13 69.90 22.85 46.37 47.05 313.67 70.06 0.236
14 50.62 22.44 36.53 28.18 187.87 39.97 0.225
15 190.19 26.57 108.33 163.62 1090.80 340.32 0.33
16 203.74 61,00 132.37 142.74 951.60 323.85 0.36
17 144.84 32.29 88.56 112.55 750.33 198.87 0.28
18 153.00 57.86 105.43 95.14 634.27 181.66 0.303
19 130.17 57.20 93.68 72.97 486.47 134.24 0.292
20 107.77 54.95 81.36 52.82 352.13 95.49 0.287
21 85.24 54.06 69.65 31.18 207.87 52.45 0.267
22 76.13 38.84 57.48 37.29 248.60 56.51 0.241
23 164.92 55.74 110.33 109.18 727.87 220.71 0.321
24 52.35 39.80 46.07 12.55 83.67 794.13 10.04
25 36.59 30.80 33.69 5.79 38.60 490.52 12.92
26 47.10 36.17 41.63 10.93 72.87 1098.72 15.33
27 38.65 29.92 34.28 8.73 58.20 854.39 14.92
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Table 6-1. Experimental results for the unsaturated Series A (1-23), saturated Series B (24-34),
. matrix-only saturated Series C (35-49), air-filled Series D (50-57), and water-filled Series E (58-66)

\VA
1/2z/o7

experiments (cont’d)
T Test | Tiowel©) Tep (O Tyg (O AT (K) VT (K/m) Q (Win)
No. o avg K ogr (W/m-K)
o 28 22.13 15.47 18.80 6.66 44.40 402.49 9.21
T 29 31.01 25.38 28.19 5.63 37.53 388.10 10.50
! 30 28.26 23.92 26.09 4.34 28.93 282.42 9.92
e~
3t 26.78 22.98 24.88 3.80 25.33 224.20 9.00
“”“”\J‘ 2 25.38 22.20 23.79 3.18 21.20 169.11 8.12
i 13 36.75 30.47 33.61 6.28 41.87 643.18 15.61
w\ﬁ 34 47.91 39.24 43.57 8.67 57.80 909.36 15.98
R 35 33.99 19.45 26.72 14.54 96.93 47.25 0.495
36 42.07 20.75 33.91 26.32 175.47 97.32 0.563
—~ 37 60.55 23.97 4226 36.58 243.87 194.70 0.811
Y 38 54.71 2.07 38.39 32.64 217.60 136.22 0.636
39 65.85 25.19 45.52 40.66 271.07 229.70 0.361
- 40 70.4 23.95 47.17 46.45 309.67 299.85 0.984
_ 4 74.88 26.13 50.50 43.75 325.00 384.16 1.201
; 42 80.36 29.87 55.115 50.49 336.60 732.44 2211
— 43 90.77 20.07 55.42 70.70 471.33 632.98 1.364
— 44 29.63 19.14 24.38 10.49 69.93 24.64 0.358
4 44.60 19.81 32.20 24.19 165.27 61.98 0.381
o 46 55.69 20.5 38.10 35.18 234.53 117.43 0.509
} 47 66.83 21.66 4424 45.17 301.13 193.59 0.653
—
' 76.08 2291 49.49 53.17 354.47 277.94 0797
49 89.29 24.96 s 64.33 428.87 442.93 1.049
50 23.19 19.24 2121 3.95 26.33 10.09 0.389
51 33.60 19.66 26.63 13.94 92.93 45.07 0.492
I 52 51.38 20.36 35.87 31.02 206.80 121.18 0.595
53 74.75 21.61 48.18 53.14 35427 243.44 0.698
54 100.21 2.91 61.56 .30 515.33 24.97 0.838
55 128.14 24.83 76.48 103.31 688.73 563.91 0.839
i 56 158.20 30.98 94.59 127.21 848.07 789.10 0.945
Table 6-1. Experimental results for the unsaturated Series A (1-23), saturated Series B 24-39),
matrix-only saturated Series C (35-49), air-filled Series D (50-57), and water-filled Series E (58-66)
experiments (cont’d)
|
' -;? Tiowel© Tep (©) Teg (© AT (K) VT ®m | Q(Win?) K o (WimK)
' 57 172.07 34.18 103.12 137.89 919.27 945.43 1.045
58 22.57 2075 21.66 1.82 12.13 72.86 6.101
. 59 24.96 21.89 23.42 3.07 2047 116.03 5.764
— 60 29.04 23.89 26.46 514 34.27 215.73 6.391
61 41.62 34.71 38.16 6.90 46.00 351.27 7.888
6 49.70 41.31 45.50 8.38 55.87 463.93 8.432
63 64.42 5417 59.59 9.65 64.33 697.42 11.012
{ 64 57.21 48.55 52.88 8.65 57.67 579.04 10.197
—
65 3.9 28.88 3141 5.06 33.73 278.39 8.391
et 66 21.58 17.87 19.72 37 24.73 166.43 6.838
ot
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Test pre
No. | Tgt© | VIRM | Qug® Wm®) | Quoa* Wimh) | Quoey® WD) | Qpyuit (Wim) “ |
i = y |
: 41 40.50 325.00 021 146.41 237.53 384.16 NV 7 - ‘
¢ // /‘.4 - 44‘;/// <+ ‘(\ ﬁ 42 s5.11 336.60 028 151.63 580.51 732.44 % 27
2321 d” A 7 e ) 55.42 47133 0.40 212.33 420.23 632.98 ‘
(L4 ~7) \‘
) Adi e K 69.93 0.01 31.50 0.0. 24.64
k.‘ e il u | 3 ‘
AN P 45 44.60 165.27 0.02 74.45 0.0 61.98
) . k‘ — . J (tg/("/ - C,-.w,, » (‘ B 46 | 38.10 234.53 0.06 105.65 11.70 117.43
! ) 47 4424 301.13 0.13 135.66 51.79 193.50
et P o - \: N edand e AR 48 49.49 354.47 021 159.68 118.03 217.94
A i ] 49 57.12 428.87 0.04 193.20 24931 442,93 !
) A Ck T Cairdia. ur{/\ Dade 50 21.21 26.33 0.00 0.69 9.39 10.09 i
%\J & 51 26.63 92.93 0.0t 245 42.60 45.07 ;
ot s o 2 [/ 2T, 52 | 3587 206.80 0.05 545 115.67 121.18 |
\\\) QQ e s (( ; 53 48.18 35427 020 9.35 233.88 243.44
Pl ook N Gy 54 | 6156 515.33 0.61 13.60 410.75 42497
H 55 76.48 688.73 1.56 18.18 549.16 568.91
T 56 94.59 848.07 3.66 2238 763.06 789.10
: , ol 57 | 10312 909.27 5.12 24.26 916.04 945 .43
Table 9-2. Heat flux attributed to radiation, conduction, and convection. * denotes calculated values % 3166 T Y 1 =0 Y
and § denotes measured values. 59 | 234z 2047 0.0 12.07 103.95 116.03
60 26.46 3427 0.0 2021 195.50 215.73
';f_' Tyg © VI @M | Qug® WD | Quopa® W) | Quee® WD) | Qpoeait (W/m?) 61 38.16 46.00 0.0 27.14 330.12 357.27
1 4657 312.40 0.16 80.78 0.0 75.52 62 45.50 55.87 0.0 32.96 430.94 463.93
2 4637 307.00 0.15 79.39 0.81 80.36 ~ 63 59.59 64.33 0.0 37.95 659.40 697.42
3 58.27 244.40 0.24 63.20 414 67.59 64 52.88 7.67 0.0 34.02 544.97 579.04
% 66.43 346.73 0.51 89.66 11.56 101.75 65 31.41 B.13 0.0 19.90 258.48 278.39
5 5332 431.20 033 111.50 395 115.80 66 19.72 2473 0.0 14.50 151.84 166.43
|
Test
No. Targ © VT Km) | Quag® Wim?) | Quug® WD) | Quone® Wimh) | Qo Wim®) 7 .
d ¢
6 26.40 91.67 0.01 23.70 0.0 20.74 /’ ~ h ,j* C ;,A Ad i L M 1,;-«»«» P ( lp\'hyw e (c
7 9532 33.67 4.10 241.44 54.91 300.47 ) ot ; 0 AR}
g | 109.62 111113 7.43 18733 62.42 357.20 ) (Coor {2 W WA, h G\~ 7 2.7 1} (‘)L\M\_ Mn/\ "
9 95.87 937.47 4.19 242.42 32.63 279.26 e ( .)g\\ AV \ mﬂ . ( _
10 | &224 766.53 2.16 19822 8.73 209.13 ("“"’"‘ ‘“‘/ﬁ% L At £ A 7 2 i z 'a“ﬂ"“”
11 71.40 625.53 115 161.76 0.48 163.40 B y ; 5 n T
L /w ,m,, A k nf H ffj i A At ﬂﬂ&
12 58.29 463.47 0.46 119.85 0.0 113.56 . L 5 \
AN . 5 R
13 46.37 313.67 0.15 81.11 0.0 70.06 z@ - Q -
& vm el o g WA
14 36.53 187.87 0.04 48.58 0.0 39.97 T 3 r
15 | 10838 1090.80 7.05 282.08 51,18 340.32
16 | 13237 951.60 11.21 246.08 66.55 323.85 7
p o - 1.
17 88.56 750.33 2.64 194.03 2.18 198.87 s o = .5
18 | 10543 634.27 3.77 164.02 13.86 181.66 P e
D, =0 . ©eH
19 93.68 486.47 2.03 125.80 6.40 134.24 ) ‘n et G 12
- .
20 8136 352.13 0.96 91.06 3.46 95.49 ~ e T . I / N
' 0 D 0 % o A} if et
2t 69.65 207.87 0.35 53.75 0.0 52.45
e amnd -
) 57.48 248.60 023 64.28 0.0 56.51 T = [
23 110.33 727.87 0.0 188.22 27.51 220.71 : O 0
24 46.07 83.67 0.0 97.05 697.03 794.13 “) Q .y ?}
25 3.69 38.60 0.0 44.77 445.73 490.52 i\ e
2 41.63 7.87 0.0 84.52 1014.16 1098.72 N i, > L9 e
27 3428 58.20 0.0 67.51 786.86 85439 — 6 R
28 | 1880 44.40 0.0 51.50 350.98 20249 Vil=ilil.n
29 28.19 3753 0.0 43.53 344.55 388.10
30 26.09 28.93 0.0 33.56 248.85 382.42
. . 0.0 . 194 p e
31 24.38 25.33 9.38 94.81 22420 L , ) 4 i} W / "
32 23.79 2120 0.0 24.59 144.51 169.11 vob t 7
33 33.61 41.87 0.0 48.56 504.60 643.18 » ol fe e s €N ‘
34 43.57 57.80 0.0 67.04 842.28 90936 o F NG o
35 26.72 96.93 0.01 43.66 3.57 47.25 » ) 7 - {4’\ o~ N k\ \
36 33.91 175.47 0.34 79.04 18.23 9732 Cevns I i ) Lol sk
37 4226 243.87 0.09 109.86 84.74 194.70 —
38 38.39 217.60 0.06 98.02 38.12 136.20 . - v . . 9 9 . F e :
- = T 9 s o . 27, = - W
39 45.52 271.07 0.12 122.11 107.45 229.70 - G \"IC‘, 357.20 75403 281 3 3 Ge.42 LUI/”‘
4 4717 309.67 0.16 139.50 160.18 299.85 s




12 7%?& Test No. T,, () YT (K/m) Qe (W) ¢ 3
s 29 5.63 37.53 34455 5.936 (* SYe.
&l)3 /57 fe
e x[ . 30 434 28.93 248.85 5.936 1
. ! . T
—— SR TR Y S S R S— S AP o W W S e I . 25.33 94.81 5.486 ek "
; ) 31 3.80 i @\4\, q 1 L\
A, L “.,vt., tomn coned) 32 3.18 2120 44.51 5.085 e P N
A Z ey oe=X (% /)
. ¥ ) 33 6.28 41.87 94.60 8.936 -
; S
Q = ¢ - [> + VT 74 34 8.67 57.80 4228 8.459
¢ S 5 14.54 96.93 3.57 0.019
Cerve- Clrenr 2
36 26.32 175.47 18.23 0.046
e - . 36.58 243.87 84.74 0.141
[/(Jda@'\,i’/ D - «’“‘;Q o 1{(4M 1"#[ W oI /Z;. Ceo /? / 37 8
D o 1 i 5 4’ 38 32.64 217.60 38.12 0.073
=2 ' lm
212 LA — 39 40.66 271.07 107.45 0.156
40 46.45 309.67 160.18 0.197
—~ Y
. . - 2 41 48.75 325.00 237.53 0.275 P
. o i iy . - 4
Test No. T, (C) VT (K/m) Qupp, (W/m?) S W éﬁf\ w1 Al VAl b . . / A
ae cone { s ol ‘ 5 2 50.49 336.60 580.51 0.644 CI \}(‘;\/ e
1 46.86 312.40 -0.04 -0.007 & 43 70.70 471.33 420.23 0.306 v Ao/l
2 46.05 307.00 0.81 0.001 A 44 10.49 69.93 -6.87 -0.054 < \
Yo
3 36.66 244.40 4.14 0.007 g 45 24.79 165.27 -12.50 -0.034 c‘“‘r‘zﬂ
| ‘
4 52.01 346.73 11.56 0.012 = Y 46 35.18 234.53 11.70 0.020
5 64.68 431.20 3.95 0.003 47 45.17 301.13 57.79 0.074
6 13.75 91.67 297 -0.017 48 53.17 354.47 118.03 0.122
7 140.05 933.67 5491 0.017 | 49 64.33 428.87 249.31 0.204 .81
RSN Ny
8 166.67 111113 62.42 0.016 ) - - 50 3.95 26.33 9.39 0.252 (e 2 t@/\
" JA\
9 140.62 937.47 32.63 0.010 1 1,& e 51 13.94 92.93 2.60 0.236 & N “7 v’
10 114.98 766.53 8.73 0.003 ¢f Q(“"/ 1 \S; 52 3102 206.80 115.67 0.236 = Los
. 7 £ X -t
4@7 1 93.83 625.53 0.48 0.0002 v i = 53 53.14 354.27 233.88 0.244 o 7}}
fa3 v 2| )
< 12 69.52 463.47 -6.75 -0.005 v 54 713 515.33 41075 0.268
- 13 41.05 313.67 -11.21 -0.014 55 103.31 688.73 549.16 0.249
R 14 28.18 187.87 -8.65 -0.020 ] 56 127.21 848.07 763.06 0.267
(;, 15 163.62 1090.80 5118 0.013 ; 57 137.89 919.27 916.04 0.290
’ 16 142.74 951.60 66.55 0.020
17 112.55 750.33 2.18 0.001 Test No. Ty (C) VT (K/m) Qg (W/m') ey’ 12 ‘Z)f
18 95.14 634.27 13.86 0.007 58 182 12.13 65.70 4.644 i s
\31#‘ )7’: /
19 1297 486.47 6.40 0.004 ) 59 3.07 20.47 103.95 3.822 “f/ (&3 >
20 52.82 352.13 3.46 0.004 60 5.14 34,27 195.50 3.774 e
4 BRI )
21 31.18 207.87 -1.66 -0.003 Y 61 6.90 46.00 330.12 4411 Sk % 2
- i yov
2 37.29 248.60 -8.01 -0.013 62 48.38 55.87 43094 4.516 yA R y bpv‘
23 109.18 727.87 2751 0011 . 3 63 9.65 6433 659.40 5.792 . O
¢
24 4607 83.67 697.03 4,409 64 8.65 57.67 54497 5.489 O“‘/ K
i 25 5.79 38.60 44573 7415 65 5.06 33.73 258.48 5.089
& 2 10.93 72.87 1014.16 7.624 - 66 371 24.73 151.84 4.406
2 27 3.73 58.20 786.86 7.834 .
i;,fi 28 6.66 44.40 350.98 4901
. "
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Objectives of the Laboratory-Scale |

Heater Test

Provide insight for the design of the DOE ESF Drift-
Scale Heater Test. -

Provide insight into heat and mass transfer

mechanisms that will be observed under repository

[ L’& mwa C .‘w[{;\

conditions {Information derived from laboratory-scale

test will be available prior to the TSPA-VA and the LA, “/()\W e g Q:ﬁ A /ﬂ U\Zﬁ*&f-w ez
the DST will not be completed prior to either the TSPA- I/LQ ol of- N W ocn, ,z,[ S
VA or the LA}. [Franea, o Snil
, N Adfoencn Yy A s

Investigate the depression of the boiling isotherm using ! /f 0
water infiltrating down a fracture. Quantifiable and 9 X =4 ‘J’@ “’(}75
observable results of the depression of the boiling . 0
isotherm will be used in assessing/calibrating a 0 \AEZAE,
mechanistic refluxing model. 0 4 274 he

\)
Evaluate the ability of instrumentation to detect liquid Q
water infiltrating into an open adit. Possible N 7 O\a o,\f QL* o MJL QQ 0
instrumentation includes water detection integrated ) o S 4
circuits and thermocouples. ’ 0 (& (Qj NG 8 =y ;Piu

Q A ﬁm.e,m,v;,»cg Ao of 0 ”""\*/le L
Provide geochemical information of the thermally Q e oo i Ko CQnﬁ’@%M.N ,
driven transport and redistribution of minerals found in - : Q Q_ L/) H g
the concrete blocks used as the medium in the ) Ll Lo Q> dtuaintee
laboratory-scale heater test. . Cb-b:b N CT I Utaw if)"“"“"’“’*‘:’gq”‘lw
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VD

S
o 4 (L A s Arip S. ol ok
i A OA ety Atnd A F W e\ v oo /%4K7fﬁ’“%id~4' I }
=g .
’ 0 , b v ’ Recurrent
) :Skip
{/ i // /// //, t /// ﬁ LY J 4 Limit 1.e5 .08 10. 1.e5 1l.e-8 1.e5
L’l e [ S ECu/ ol Btk (= T W& QA \,D 2 GG _ - golve 3
. f A retaee
Steadyly] 1.e-4 1l.e-4 1l.e-4
Rstart O
- :Noskip o
Slmué:tig?tiglizggfgﬁozz ig?ietf;;p?lnguingilm§g§7 Bldg 51 CNWRA - : ns fach facm (fach and facm are multipliers to
drips.dat Y : read-in values of ght and qmt)
R
: heater set at 5.50e+l g Source 1 1. ,
: no heat loss at boundaries included isl is2 jsl js2 ksl ks2 istyp
RSTART O e - 1 3 1 3 14 14 33
: 0 5.50e+l
XYZ = 1 table look-up,; pref = ref. press. 1.e+10 5.50e+l
RADIAL = 0 correlations; tref = ref temp. 0
OTHER ~ :Noskip
X Output  C=-10 Q=-10 T=1 G=1 P=1
:grid geometry nx ny nz ivplwr ipvtab iout pref tref href P
Grid XYZ 14 10 22 1 1 3 0 0 isolv newtnmn newtnmx
: Solve 4 2 7 2
Monitor 154 :
. - DP2MXe
: data taken from sandia report:Green et al. 1995, NUREG/CR-6348 :AUTO-step §P§§E4 2S2§E D§M§MXE Sy
pckr :relative perm and pc keyword %UTo—step . . .
1 szg?éggrv P ggTélamda) 6?%22?? SgeXt o3 3ecm | ecm {TOLR TOLP TOLS TOLT TOLP2 TOLM TOL? lTOL§ etz 1e1z  1.e-1
2 Van-Gen 0.05 .6667 2.e-4 0 0. 0 ! emplacement drift ?Olr 1. 1.e-4 l.e-3 1. l.e-3 1l.e-3 l.e . : .
? sbiank line ;Limit dpmx dsmx dtmpmx dp2mx dtmn dtmx icutmx
5ebug 1 LIMIT 1.e5 .08 10. l.e5 l.e-9 .1
ghermal-prop : target dt dprx dsmx dp2mx dtmpmx
: no rho cpr ckdry cksat crp crt tau cdiff cexp enbd : . ;
1 1.600e+03 840.0 0.50 1.0 0 0 .5 2.13e-5 1.8 0. 0 lecm : ors 1 print all at every target time
2 2.600e+03 717. 7. 7. 0 0 .5 2.13e-5 1.8 0. 0 !drift PL i 1.e-7 1 oo
3 1.600e+03 1.0e+3 0.50 0.50 0 0 .5 2.13e-5 1.8 0. 0 !bounda Time -€ :
0 Time[d] 0.10
: igrid rw re Time[d] 0.50
DXYZ 0 Time[d] 1.
(dx(1i),1i=1,nx) T}me[g] ;-
.0001 .0001 .0254 .0254 .0254 .0254 .0508 .0508 .0508 .0508 Time [d] .
.0508 .1016 .1016 .1016 Ends
(dy (3),3=1,ny)

.0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304
(dz (k) ,k=1,nz)

-0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508
-0254 .0254 .0254 .0254 .0254 .0254 .0508 .1016 .1016 .1016

.1016 .1016
Pth
i1 12 j1 j2 k1 k2 iist ithrm vb por permx permy permz pormm permm
1 14 110 1 221 1 0. 0.42 2.e-18 2.e-18 2.e-18 0.42 2.e-18
1 3 110 11 16 2 2 0. 0.92 1.e-14 1.e-14 l.e-14 0.99 1l.e-14
4 4 110 12 15 2 2 0. 0.99 1.e-14 1l.e-14 1l.e-14 0.99 1l.e-14
5 5 110 13 14 2 2 0. 0.99 1l.e-14 1.e-14 1.e-14 0.99 1l.e-14
1 14 10 10 122 1 3 1.0e+4 0.42 2.e-18 2.e-18 2.e-18 0.42 2.e-18
14 14 1 10 1221 3 1.0e+4 0.42 2.e-18 2.e-18 2.e-18 0.42 2.e-18
1 14 110 1 11 3 1.0e+4 0.42 2.e-18 2.e-18 2.e-18 0.42 2.e-18
1 14 110 22 22 1 3 1.0e+4 0.42 2.e-18 2.e-18 2.e-18 0.42 2.e-18
0
Init
i1 42 j1 j2 k1 k2 P t sg X2 sgm
1 14 1 10 1 22 1.0315e5 20.0 0.52 0. .50

0

:Equil depth pdepth tdepth tgrad param iequil

:Bquil 165. 101325 20. 0. 0. -1
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Simulation of laboratory-scale dripping experiment - Bldg 51 CNWRA

July 16, 1997

drip21.dat
: heater set at 5.50e+l R —
: put in invert with same properties as cement
h ————— : heat loss at boundaries included — N

: boundary elements at le-2

: heat capacity of boundary elements at 840
: no water, to get steady-state heat conduction
ipvtab set to 1

R ——

4 : fract por = 0.5 from 0.99 F
fract perm up to lel2 from lel4

increased alpha of frac from 6.36e-4 to 2.0e-4

; h d £ drift £ 717 to 10
no,fj(,‘.u ) UT‘Q_ GQ Q/ m,,_.gw\,\o s&m JJQ b e 72 o =4 : ihiﬁgid ggncs)ityréf drift from 2600 to 1

changed n of drift to 0.6667 O

8
(,f, i ¢ ¢ 1 €ef ) i e . RSTART 0
\\\ : XYz = 1 table look-up,; pref = ref. press.
: RADIAL = 0 correlations; tref = ref temp. O ——
\ : OTHER ~
\\\\ :grid geometry nx ny nz ivplwr 1pvtab iout pref tref href T—
Grid XYZ 14 10 22 1 3 0 0
\\\\ ' Monltor 154
data taken from sandia report:Green et al. 1995, NUREG/CR-6348 ———————————
\\\\ Pckr :relative perm and pc keyword
1 : i type-curv swir rpm(lamda) alpham swext sgc iecm ——
1 Van-Gen 0.05 L2717 6.36e~7 0 0.1 0 I ecm
2 Van-Gen 0.05 .6667 2.e-4 0 0.1 0 ! emplacement drift

\\\\\ ! 0 :blank line —————

Debug 1 : ——— A
\\\\\ 0
Thermal-prop .

: no rho cpr ckdry cksat crp crt tau cdiff cexp enbd
1 1.600e+03 840.0 0.50 1.0 0 0 .5 2.13e-5 1.8 0. 0 lecm
4 2 1.000e+01 10. 7. 7. 0 0 .5 2.13e~5 1.8 0. O !drift S
\\\\\ 3 1.600e+03 840.0 0.50 0.50 0 0 .5 2.13e-5 1.8 0. O !bounda
O AT AR AR PO INCEUEA AN ¥, 5
‘\\\\\ : igrid rw re
DXYZ 0
. : (dx(i),i=1,nx) mm—
.0001 .0001 .0254 .0254 .0254 .0254 .0508 .0508 .0508 .0508
: .0508 .1016 .1016 .1016 e
\ ¢ (dy(3),j=1,ny)
.0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 ——————————
\ : (dz (k) , k=1,nz)
.0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508
, .0254 .0254 .0254 .0254 .0254 .0254 .0508 .1016 .1016 .1016 ———
.1016 .1016
- PhiK
\\\\\ . i1 i2 41 j2 kl k2 iist ithrm vb por permx permy permz pormm permm
1 14 1 10 22 1 1 0. 0.42 2.e-18 2.e-18 2.e-18 0.42 2.e-18 —————————————s
\\\\\ 1 3 110 ll 14 2 2 0. 0.50 1.e-12 1.e-12 1.e-12 0.50 1l.e-12
4 4 1 10 12 15 2 2 0. 0.50 1.e-12 1l.e-12 1l.e-12 0.50 1l.e-12
5 5 110 13 14 2 2 0. 0.50 1.e-12 1.e-12 1l.e-12 0.50 1l.e-12 - m—
. 1 14 10 10 122 1 3 1.0e-2 0.42 2.e-18 2.e-18 2.e-18 0.42 2.e-18
4 14 1 10 122 1 3 1.0e-2 0.42 2.e-18 2.e-18 2.e-18 0.42 2.e-18 ————————— S

N ;

N % —

V4
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1 14 1 10 1 11 3 1.0e-2 0.42 2.e-18 2.e-18 2.e-18 0.42 2.e-18
1 14 110 22221 3 1.0e-2 0.42 2.e-18 2.e-18 2.e-18 0.42 2.e-18
[¢]
Init
it i2 j1 32 ki k2 P t sg X2 sgm
i1 14 1 10 1 22 1.0315e5 20.0 0.52 0. .50
0
:Equil depth pdepth tdepth tgrad param iequil
:Equil  169. 101325 20. 0. 0. -1
Recurrent
:Skip
Limit 1.e5 .08 10. 1.e5 1l.e-8 1.e5
Solve 3
Rstart 1
Steadyly] 1l.e-4 1l.e-4 1l.e-4
Rstart O
:Noskip
: ns fach facm (fach and facm are multipliers to
: read-in values of ght and gmt)
Source 1 1. 1.
isl is2 jsl js2 ksl ks2 istyp
1 3 1 3 14 14 33
0 5.50e+1
1.e+10 5.50e+1
0
skip
isl is2 jsl js2 ksl ks2 istyp
1 3 1 4 1 1 13
2.5%e5 20.0 .0e-5
1l.e+10 20.0 .0e-5
0
Noskip
Cutput C=-10 Q=-10 T=1 G=1 P=1
isolv newtnmn newtnmx
Solve 4 2 7 2
:AUTO-step DPMXE DSMXE DTMPMXE DP2MXe
AUTO-step 5.0E+4 0.03 5.0 l.e4
:TOLR TOLP TOLS TOLT TOLP2 TOLM TOLA TOLE
Tolr 1. 1.e-4 1l.e-3 1. l.e-3 l.e-3 1l.e-3 1l.e-12 1l.e-12 l.e-12
:Limit dpmx dsmx dtmpmx dp2mx dtmn dtmx icutmx

LIMIT 1.e5

target

PLOTS 1
Time({d] 1
Time[d] 1
Time[d] 2.
Time [d] 3.
Time[d] 4
Time[d] 5
Time{d] 6

Time{d] 7.
Time {d] 10.
Ends

.08 10. l.e5 1.e-9 .1

dt dpmx dsmx dp2mx dtmpmx

print all at every target time
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Simulation of laboratory-scale dripping experiment - Bldg 51 CNWRA

dec 11, 1997
: drip64.dat

this run is to test sat of matrix, fract & drift for heat that ran ok in drip38

: put in invert with same properties as cement
heat loss at boundaries included

4L

: boundary elements at le-2
heat capacity of boundary elements at 840

infiltration rate of le-5 for two columns
ipvtab set to 0
fract por = 0.5 from 0.99

fract perm up to lel2 from leld .
increased alpha of frac from 6.36e-4 to 2.0e-4
changed cp of drift from 10 to 840

changed density of drift from 2600 to 1600
changed drift and fracture to linear capillary function

removed heater from drift properties

set porosity of fracture to 0.7 and drift to 0.99
Sec in o nAX

set residual saturation in fracture and drift to 0.0

; modified infiltration to start after 3 days
changed from correlations to table look up \\

set sgc in ecm to 0.0 ) \
set heater porosity to 0.0 U}f;y)%

decreased thermal conductivity of air from 20 to 15 \j“
set air perm to e-12
set matrix perm to 2e-17 fro 2e-18

i

set max Pa to 1.0 from 0.005 in linear models
ramped up heat over 5e4 seconds to 7.00e+l
changed init sat to 0.99 in matrix and 0.10 in fracture and drift

changed matrix porosity to 0.05 and fracture to 0.99
set infiltration up to 5.0e-4

: but ramped up from 2.60 to 3.60e5 sec
rediuced fracture porosity from 0.40 to 0.10
increased porosity back to 0.42

increased matrix saturation from 0.3 to 0.4, adjusted sats.
: modified sgm in init

decreased fracture perm to le-12 and filled in matrix perm (was default)
same as drip63 but with fract thermal set to drift

RSTART 0

XYZ = 1 table look-up,; pref = ref. press.

RADIAL = 0 correlations; tref = ref temp.
OTHER ~
|

;grid geometry nx ny nz ivplwr ipvtab iout pref tref href
Grid XYZ 14 10 22 1 1 3 0 ]

Monitor 154
: data taken from sandia report:Green et al. 1995, NUREG/CR-6348

Pckr :relative perm and pc Oeyword
: i type-curv swir rpm(lamda) alpham swext sgc iecm
1 Van-Gen 0.05 .3717 6.36e-7 0 0.0 1 ! ecm-matrix block
swirf rpf(lamda) alphaf phim phif permm permf
0.08 0.7619 1.3e-4 0.42 1.0e-3 2.0e~-17 1.e-12
i type-curv swrim unused unused pe0—-sat sgc iecm
2 linear 0.00 0.000 0.00 1.0 0.0 0 ! emplacement drift
i type-curv swrim unused unused pe0-sat sgc iecm
3 linear 0.00 o0.000 0.00 1.0 0.0 0O ! primary fracture
[ :blank line
: Debug 1
: 0
Thermal-prop
: no rho cpr ckdry cksat ‘ecrp crt tau cdiff cexp enbd
1 1.600e+03 840.0 0.50 1.0 ] 0 .5 2.13e-5 1.8 0. 0 tecm 7
2 1.600e+03 840. 15. 15. 0 0 .5 2.13e-5 1.8 0. 0 !drift 1{‘&&/‘,«-”"
3 1.600e+03 840.0 0.50 0.50 0 0 .5 2.13e-5 1.8 0. 0 !boundaried. X ?/l
0 i 3
: igrid ™ re ,‘/\ W
DXY2 0 \
(dx(1),i=1,nx) 1\
.0001 .0001 .0254 .0254 .0254 .0254 .0508 .0508 .0508 .0508
.0508 .1016 .1016 .1016
(dy(3),3=1,ny)
.0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304
(dz(k),k=1,nz)
.0508 .0508 .0508 .0508 0508 .0508 .0508 .0508 .0508 .0508
.0254 .0254 .0254 .0254 .0254 .0254 .0508 .1016 .1016 .1016
.1016 .1016
Phik
i1 12 j1 32 k1 k2 iist ithrm vb por permx permy permz pormm permm
1 14 110 1 221 1 0. 0.42 1l.e-17 l.e-17 1.e-17 0.42 1l.e-17 ! matrix
1 14 10 10 1221 3 1.0e-2 0.05 { front
14 14 1 10 1221 3 1.0e-2 0.05 ! side
1 14 110 1 11 3 1.0e-2 0.05 ! top
1 14 110 22 221 3 1.0e~2 0.05 I bottom
1 2 110 1223 2 0. 0.10 1.e-12 1.e-12 1.e-12 0.10 'l.e-12 ! fracture
1 3 110 11 16 2 2 0. 0.99 1.e-12 1.e-12 1.e-12 0.99 1l.e-12 ! drift
4 4 110 1215 2 2 0. 0.99 1l.e-12 1.e-12 1.e-12 0.99 1l.e-12 ! drift
5 5 110 13 14 2 2 0. 0.99 1l.e-12 1.e-12 1.e-12 0.99 1l.e-12 ! drift
1 3 1 3 14 141 1 0. 0.00 1.e-17 1.e-17 1.e~17 0.00 1.e-17 ! heater
0
Init P
il 12 3J1 j2 k1 k2 p t !sg x% sgm
1 14 1 10 1 22 1.0315e5 20.0: 0.60 0} .60 | matrix
1 2 1 10 1 22 1.0315e5 20.0 0.99 0. .99 ! fracture
1 3 1 10 11 16 1.0315e5 20.0 0.99 0. .99 ! drift
4 4 1 10 12 15 1.0315e5 20.0 0.99 0. .99 ! drift
5 5 1 10 13 14 1.0315e5 20.0 0.99 0. .99 ! drift
0
:Equil depth pdepth tdepth tgrad param iequil
:Equil 1.00 103150 20. 0. 0. -1
Recurrent
:Skip
: ns fach faem (fach and facm are multipliers to
: read-in values of ght and gmt)
Source 2 1. 1.
isl is2 jsl js2 ksl ks2 istyp
1 3 1 3 14 14 33
0 0.0
5.e+4 7.00e+l
l.e+10 7.00e+l
0
. skip
isl is2 jsl js2 ksl ks2 istyp
1 2 1 4 1 1 13
0.0 20.0 0.0
2.60e5 20.0 0.0
3.60e5 20.0 5.0e-4
l.e+10 20.0 5.0e-4 N
0
skip
Bcon 1

ityp fac il i2 j1 j2
3 TOP 1 2 1 4

: time vel(m/yr) p T sg
0. 50. 1l.e5 20. .2
1.el0 50. l.e5 20. .2
0

e
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noskip

Output C=—10 Q=~10 T=1 G=1 P=1

isolv newtnmn newtnmx

Solve 4 2 7 2

:AUTO-step DPMXE DSMXE DTMPMXE DP2MXe

AUTO-step 5.0E+4 0.04 5.0 S.e4

:TOLR TOLP TOLS TOLT TOLP2 TOLM TOLA TOLE

Tolr 10. 1.e-4 1l.e-3 10. l.e-3 l.e-2 1l.e~3 1l.e-12 1.e-12 l.e-12

:Limit dpmx dsmx dtmpmx dp2mx dtmn dtmx icutmx

LIMIT 1.e5 .08 10. l.e5 1.e-9 .1

target dt dpmx dsmx dp2mx dtmpmx

: print all at every target time
PLOTS 1

Time[d]
Time[q]
Time[d]

e-5 l.e-5

Time[d]

Time[d)]

Time{d]

1.

1

2

3.
Time{d] 4.
5

6
Time([d]) 7
0

Time[d] 1
®nds
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Simulation of laboratory-scale dripping experiment - Bldg 51 CNWRA
Feb 03, 1998
dripl27.dat
this run is to test sat of matrix, fract & drift for heat that ran ok in drip38
put in invert with same properties as cement
heat loss at boundaries included
boundary elements at le-2
heat capacity of boundary elements at 840
infiltration rate of le-5 for two columns
ipvtab set to 0
fract por = 0.5 from 0.99
fract perm up to lel2 from leld
increased alpha of frac from 6.36e-4 to 2.0e-4
changed cp of drift from 10 to 840
changed density of drift from 2600 to 1600
changed drift and fracture to linear capillary function
removed heater from drift properties
set porosity of fracture to 0.7 and drift to 0.99
set sgc in ecm to 0.0
set heater porosity to 0.0
set residual saturation in fracture and drift to 0.0

: modified infiltration to start after 3 days

changed from correlations to table look up

decreased thermal conductivity of air from 20 to 15

set air perm to e-12

set matrix perm to 2e-17 fro 2e-18

set max Pa to 1.0 from 0.005 in linear models

ramped up heat over Sed4 seconds to 7.00e+l

changed init sat to 0.99 in matrix and 0.10 in fracture and drift
changed matrix porosity to 0.05 and fracture to 0.99

set infiltration up to 5.0e-4

: but ramped up from 2.60 to 3.60e5 sec

reduced fracture porosity from 0.40 to 0.10
increased porosity back to 0.42
increased matrix saturation from 0.3 to 0.4, adjusted sats.

: modified sgm in init
: decreased fracture perm to le-12 and filled in matrix perm (was default)

same as drip63 but with fract thermal set to drift
further increased matrix saturation from 0.4 to 0.5
further increased matrix saturation from 0.5 to 0.5
changed matrix to single continuum

¢ matrix alpha increased by 100x to e~5 — undone

set back to ECM for matrix

set heater porosity to 0.01 w/ k=e-27

set to calc not table

set gas saturation of matrix to .60

reducéd water infil to 2.955e-6 kg/s = 1 1/day

increased volume of boundary elements to le-2 from le-1 w.r.t drip87
increase thermal k of bc from 0.5 to 0.7 to 1.7

set k of bc to 0.0 and cp to 1le5 then back to led

increased time of simulation to 35 days

: moved water injection to z=2 since bc k=0

decreased vol of bc to lel

increased heat for 7 to 8 and again to 9 then back to 8.5 then back to 8.0 back to 8.5

increased alpha of frac in medium to 1.3e-1 to reduce drainage
changed top & bottom to insulating bc & made sides less conductive
increased no. of elements in x-direction from 14 to 17

increased heat from 8.5 to 9.5 back to 8.5 back to 7.0 back to 5.5 up to 6.0 back to 5.5

decreased thermal k of side & front bc from e4 to e3

reduced size of side and front from .5 to .1 to le-3

reduced thermal k on top & bottom from 1 to 0.5

reduced heat at 4.23e5 from 5.5 to 4.25 then to 3.5 at 10 days

: made top & bottom conducting using large element size of le-3

decreased vol of top & bottom to le-2, then inc bot to le-1
dripl24 put time up to 50 days
dripl24 put steady heat source of 5.0e+1




28 L4

i1 fa%

: dripl25 reduced heat to 4.3e+1
: dripl26 increased infiltration by 8x
1 dripl27 set infil back to 1x and heat to 142/4

RSTART 0
XYz = 1 table look-up,; pref = ref. press.
RADIAL = 0 correlatioms; tref = ref temp.
OTHER ~

:grid geometry nx ny nz ivplwr ipvtcal iout pref tref href
Grid  Xxyvz 17 10 22 1 1 3 0 0

Monitor 154
: data taken from sandia report:Green et al. 1995, NUREG/CR-6348

pckr :relative perm and pc Oeyword
: type-curv swir rpm(lamda) alpham swext sgc iecm
1 van-Gen 0.05 L3717 6.36e~7 0 0.0 1 ! ecm-matrix block
swirf rpf(lamda) alphaf phim phif permm permf
0.08 0.7619 1.3e-1 0.42 1.0e-3 2.0e-17 1l.e-12
i type-curv swir rpm({lamda) alpha swext sgc iecm
1 Van-Gen 0.05 L3717 6.36e~7 0. 0. 0 ! concrete
1 van-Gen 0.05 L3717 6.35e~7 0. 0. 0 ! concrete
i type-curv swrim unused unused pé0-sat sgc iecm
2 linear 0.00 0.000 0.00 1.0 0.0 0 ! emplacement drift
i type-curv swrim unused unused peé0-sat sgc iecm
3 linear 0.00 0.000 0.00 1.0 0.0 0 ! primary fracture
0 :blank line
: Debug 1
: 0
Thermal-prop
: no rho cpr ckdry cksat crp crt tau cdiff cexp enbd
1 1.600e+03 840.0 0.50 1.0 0 0 .5 2.13e-5 1.8 0. 0 !ecm
2 1.600e+03 840.0 15.¢ 15.0 0 ] .5 2.13e~5 1.8 0. 0 (drift
3 1.600e+03 1.0e+3 1.70 1.70 0 0 .5 2.13e-5 1.8 0. 0 !side boundaries
4 1.600e+03 840.0 0.50 0.50 0 0 .5 2.13e-5 1.8 0. 0 !top & bottom bounda
0
: igrid ™ re
DXYZ 0
(dx(i),i=1,nx) *.

.0001 .0001 .0005 .001 .005 ,0189 .0254 .0254 .0254 .0508
.0508 .0508 .0508 .0508 .1016 .1016 .1016
.0001 .0001 .0254 .0254 .0254 .0254 .0508 .0508 .0508 .0508
.0508 .1016 .1016 .1016
(dy(i),3i=1,ny)
.0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304
(dz({k},k=1,nz)
-0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508
.0254 .0254 .0254 .0254 .0254 .0254 .0508 .1016 .1016 .1016
.1016 .1016
PhikK
11 i2 j1 j2 k1 k2 iist ithrm vb por permx permy permz poOrmm permm

1 17 110 1 221 1 0. 0.42 1.e~17 1.e-17 1l.e-17 0.42 1.e-17 ! matrix
1 17 10 10 1221 3 1.0e-3 0.01 0.e-00 0.e-00 0.e~00 0.01 0.e-00 t front
17 17 110 1221 3 1.0e-3 0.01 0.e~00 0.e-00 0.e-00 0.01 0.e-00 ! side
1 17 110 i 11 4 1.0e-2 0.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00 ! top
1 17 110 22221 4 1.0e-1 0.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00.! bottom
1 2 110 1223 2 0. 0.10 1.e-12 1.e-12 1.e-12 0.10 1.e-12 ! fracture
1 6 110 11 16 2 2 0. 0.99 1.e-12 1.e-12 1.e-12 0.99 1l.e-12 ! drift
7 7 110 12 15 2 2 0. 0.99 1.e~12 1.e-12 1.e-12 0.99 1l.e-12 ! drift
8 8 110 13 14 2 2 0. 0.99 1.e-12 1.e~12 1.e-12 0.99 1.e-12 ! drift
1 3 1 3 14 141 1 0. 0.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00 ! heater
0
Init
i1 12 j1 42 k1 k2 p t sg X2 sgm
1 17 1 10 1 22 1.0315e5 20.0 0.60 0. .60 ! matrix
1 2 1 10 1 22 1.0315e5 20.0 0.99 0. .99 ! fracture
1 6 1 10 11 16 1.0315e5 20.0 0.99 0. .99 I drift
7 7 1 10 12 15 1.0315e5 20.0 0.99 0. .99 ! drift
8 8 1 10 13 14 1.0315e5 20.0 0.99 0. .99 ! drift
0
:Equil depth pdepth tdepth tgrad param iequil
:BEquil 1.00 103150 20. 0. 0. -
Recurrent
:Skip
H ns fach facm (fach and facm are multipliers to
: read-in values of ght and gmt)
Source 2 1 1

isl is2 jsl js2 ksl ks2 istyp
1 6 1 3 14 14 33

0 0.0

skip

S.et4 5.50e+1

4.22e5 5.50e+1

], NERVRRE

d ¢ 181 is2 jsl js2 ksl ks2 istyp

.25e+l @
.25e+1

4 .

4 / £
3.50e+1 77/
3.50e+1 / 7 70
3.51e+l

3.51e+l

1 2 1 4 2 2 13
.0 20.0 0
.60e5 20.0 4
.60e5 20.0 2.955e-6
.e+10 20.0 2.955e-6

0.
0.

skip

Becon 1
ityp fac i1 i2 31 j2 ..
3 ToP 1 2 1 4

: time vel(m/yr) p T sg9
0. 50. 1.e5 20. .2

1.e10 50. 1.e5 20. .2
0
noskip .

[

Output ' C=-10 Q=-10 T=1 G=1 P=1

isolv newtnmn newtnmx
Solve 4 2 7 2

:AUTO-step DPMXE DSMXE DTMPMXE DP2MXe
AUTO-step S.0E+4 0.04 5.0 5.e4

:TOLR TOLP TOLS TOLT TOLP2 TOLM TOLA TOLE

i

Tolr 10. 1.e-4 1l.e~-3 10. l.e-3 l.e-2 l.e-3 1l.e-12 1l.e-12 l.e-12

:Limit dpmx dsmx dtmpmx dp2mx dtmn dtmx icutmx

LIMIT 1.e5 .08 10. l.e5 1.e~9 .1

target dt dpmx dsmx dp2mx dtmpmx

: print all at every target time
PLOTS 1

: Timefd] 1l.e-5 l.e-5
Time[d] 1.

Time{d] 5.
Time[d] 10.

Time(d] 20.
Time{d] 30.
Time({d] 40.

Time(d] 50.
Ends
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Simulation of laboratory-scale drippiné‘experiment - Bldg 51 CNWRA
. July 08, 1998

: dem-2d.dat
¢ smaller model to fit in metra element dimension limitation
: This run statred with dripl31 cénverted to DCM
: this run is to test sat of matrix, fract & drift for heat that ran ok in drip38
: put in invert with same properties as cement
: heat loss at boundaries included
: boundary elements at le-2
: heat capacity of boundary elements at 840
: infiltration rate of le-5 for two columns
: ipvtab set to 0

fract por = 0.5 from 0.99

fract perm up to lel2 from leld
: increased alpha of frac from 6.36e-4 to 2.0e-4
: changed cp of drift from 10 to 840
: changed density of drift from 2600 to 1600
: changed drift and fracture to linear capillary function
: removed heater from drift properties
¢ set porosity of fracture to 0.7 and drift to 0.99

set sgc in ecm to 0.0
: set heater porosity to 0.0
: set residual saturation in fracture and drift to 0.0
¢ modified infiltration to start after 3 days
: changed from correlations to table look up
: decreased thermal conductivity of air from 20 to 15
: set air perm to e-12
set matrix perm to 2e-17 fro 2e-18
set max Pa to 1.0 from 0.005 in linear models
: ramped up heat over 5e4 seconds to 7.00e+l
changed init sat to 0.99 in matrix and 0.10 in fracture and drift
changed matrix porosity to 0.05 and fracture to 0.99
set infiltration up to 5.0e-4
: but ramped up from 2.60 to 3.60e5 sec
¢+ reduced fracture porosity from 0.40 to 0.10
¢ increased ‘porosity back to 0.42
: increased matrix saturation from 0.3 td 0.4, adjusted sats.
: modified ggm in init - ¢
Qecreased fracture perm to le~12 and filled in matrix perm (was default)
: same as drip63 but with fract thermal set to drift
: further increased matrix saturation from 0.4 to 0.5
: further increased matrix saturation from 0.5 to 0.5
changed matrix to single continuum
matrix alpha increased by 100x to e~5 ~ undone
: ‘'set back to ECM for matrix
: set heater porosity to 0.01 w/ k=e-27
: set to cale not table
: set gas saturation of matrix to .60
: reduced water infil to 2.955e-6 kg/s = 1 1l/day
increased volume of boundary elements to le-2 from le-l w.r.t drip87
increase. thermal k of bc from 0.5 to 0.7 to 1.7
: set k of be to 0.0 and cp to 1e5 then back to led
¢ increased time of simulation to 35 days
: moved water injection to z=2 since bc k=0
decreased vol of bc to le0
increased heat for 7 to 8 and again to 9 then back to 8.5 then back to 8.0 back to 8.5
: increased alpha of frac in medium to 1l.3e-1 to reduce drainage
changed top & bottom to insulating bc & made sides less conductive
increased no. of elements in x~direction from 14 to 17
increased heat from 8.5 to 9.5 back to 8.5 back to 7.0 back to 5.5 up to 6.0 back to 5.5
decreased thermal k of side & front bc from e4 to e3
: reduced size of side and front from .5 to .1 to le-3
: reduced thermal k on top & bottom from 1 to 0.5
reduced heat at 4.23e5 from 5.5 to 4.25 then to 3.5 at 10 days
made top & bottom conducting using large element size of le-3
decreased vol of top & bottom to le-2, then inc bot to le-1
dripl24 put time up to 50 days
dripl24 put steady heat source of 5.0e+l
dripl25 reduced heat to 4.3e+l
: dripl26 increased infiltration by 8x
: dripl27 set infil back to 1x and heat to 142/4
: Aripl29 increase infiltration to 2x
+ dripl30 increase infiltration to 8x
: dripl3l set infiltration to 4x
: dem-sm set fracture and drift fracture to 4

dem-2d reduced to x-z

RSTART 0

: XYZ = 1 table look-up,; pref = ref. press.
H RADIAL = 0 correlations; tref = ref temp.

: OTHER ~

: I
:grid geometry ax ny nz ivplwr ipvtcal iout pref tref href
Grid DCMXY2Z 9 1 11 1 1 1 0 0 ¢ 0

data taken from sandia report:Greenm et al. 1995, NUREG/CR-6348

éckr :relative perm and pc
i type-curv swirm rpmm(lamda) alpham swext sgc lecm
1 Vﬁﬁ—Gen 0.05 L3717 '6.36e~7 0 0.0 0 ! matrix block
i type-curv swiim unused unused pe0-sat sgc iecm
2 lzgear 0.00 0.000 0.00 . 1.0 0.0 © ! emplacement drift
i type-curv swrim unused unused pe0-sat sgc iecm
3 I{gear 0.00° 0.000 0.00 1.0 0.0 0 | primary fracture
; type-curv swirf rpmf(lamda) alphaf swext sgc iecm
1 vZﬁ-Gen 0.08 0.7619 1.3e-1 0.0 0.0 [ t matrix fractures
0 :blank line .
: Debug 1
e » ,
Thermal T O] . .
no rhop P cpr ckdry cksat cxrp cort tau - Cdiff cexp enbd .
1 1.600e+03 840.0 0.50 1.0 0 0 .5 2.13e-5 1.8 0. 0 Emai;xx
2 1.600e+03 840.0 15.0 15.0 4] 0 .5 2.13e-5 1.8 0. 0 !drift
3 1.600e+03 1.0e+3 1.70 1.70 0 0 .5 2.13e-5 1.8 0. 0 'Iside boundaries
4 1:600e+03 840.0 0.50 0.50 0 0 .5 2.13e-5 1.8 0. 0 ltop & bottom bounda
0
B igrid xw re
DXYZ 0

(dx(i),1i=1,nx)
.0002 .0015 .0239 .0508 .0762 .1016 .1016 .1016 .2032
(dy(3),3=1,0y)
0.6
..0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304
: (dz(k),k=1,nz)
.1516 L1016 .1016 .1016 1016 .0508 .0508 .0508 .1524 .2032
L2032
:.0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508
..0254 .0254 .0254 .0254 .0254 .0254 .0508 .1016 .1016 .1016

:.1016 .1016
'phiK istm ithrmm
;i1 i2 j1 32 ki k2 ist ithrm vb porf permxf permyf permzf pormm permm ;
1 g 1 1 1 114 1 0. 0.42 1.e-17 1.e~17 1.e~17 0.42 l.e-17 1 1 ! matrix
1 1.1 111 4 3 1.0e-3 0.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00 1 3t fFont
9 9 1 1 1114 3 1.0e~3 0.01 0.e~00 0.e-00 0.e-00 0.01 0.e-00 1 3 ! side
1 9 1 1 1 14 4 1.0e~2 0.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00 1 4 ! top
1 9 1 1 11 11 4 4 1.0e-1 0.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00 1 4 | bottom
: 1 1 110 1113 4 0. 0.10 1.e~12 l.e-12 1l.e-12 0.10 1.e-12 4 2! frécture
1 3 110 6 8 2 4 0. 0.99 1.e-12 1l.e~12 l.e-12 0.99 1l.e-12 4 2! dr}ft
: 3 3 110 6 82 4 0. 0.99 1.e-12 1.e-12 1.e-12 0.9% 1l.e-12 4 2 ¢ drift
: 4 4 110 7 72 4 0. 0.99 1.e-12 l.e~12 1l.e-12 0.99 l.e-12 4 2 ! drift
: 1.1 110 .1113 2 0. 0.10 1.e-12 1.e-12 1l.e-12 6.10 1l.e-12 4 2 ¢ fracture
1 31 1 6 82 2 0. 0.99 1.e~12 l.e~12 1.e+12 0.99 l.e-12 4 21 dr%ft
3 3 1 1 6 82 2 0. 0.99 1l.e~12 1.e-12 l.e-12 0.99 1.e-12 4 2 | drift
4 4 1 1 T 72 2 0.°0.99 l.e-12 l.e-12 1.e-12 0.99 1l.e-12 4 2 | drift
1 3 11 7 71 1 0. 0.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00 1 1 ! heater
0
Init
.11 12 j1 J2 k1 k2 p t sq xg2 pm tm sgm xgm
i 9 1 1 1 11 1.,0315e5 20.0 0.60 0. 1.0e5 20.0 .60 0. ! matrix
T 11 1 1 11 1.0315e5 20.0 0.99 0. 1.0e5 20.0 .9% 0. ! fracture
i 3 1 1 6 8 1.0315e5 20.0 0.99 0. 1.0e5 20.0 .99 0. ! drift
3 31 1 6 8 1.0315e5 20.0 ©0.99 0. 1.0e5 20.0 .99 0. ! drift
4 4 1 1 7 7 - 1.0315e5 20.0 0.99 0. 1.0e5 20.0 .99 0. ! drift
0
DCMPARA
: 11 12 j1 j2 k1 k2 volf areamodf xlm ylm zlm .
19 11 111 0.002 100.0 .0005 0.000 .0005 ! matrix
Skli 1 11 11 0.10 0.01 .0001 .0304 .0254 ! fracture
11 11 6 8 0.99 1.0 .0001 .0304 .0254 ! drift
2 2 11 6 8 0.99 1.0 .0005 .0304 .0254 t drift
2 2 11 6 8 0.99 1.0 .0010 .0304 .0254 ! drift
3 3 11 6 8 0.99 1.0 L0050 .0304 .0254 ! drift
3 3 11 6 8 0.99 1.0 .0189 .0304 .0254 ¢ drift
4 4 11 6 8 0.99 1.0 . .0254 .0304 .0254 ! drift
4 4 11 77 0.99 1.0 .0254 .0304 .0254 ! drift
1 3 11 2 2 0.02 1000.0 .05 0.6 .05 ! water injection
noskip
[+]

;Equil depth  pdepth tdepth . . tgrad param iequil
:Bquil '1.00 103150 20, - 0. 0. -1

Recurrent - E s

:Skip .

B ns fach ‘ facm . (fach and facm are multipliers to
read-in values of ght and gmt)
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Source 2 1. @ \{’_{ (

: 1sl is2 jsl js2 ksl ks2 1 ses ~N¢ @ to.~
1 3 11 7 7 (33 et w/nd Mmegs Lor c‘ J

o 0.0 :

skip

5.e+t4 5.50e+1

4.22e5 5.50e+1

4.23e5 4.25e+1

8.45e5 4.25e+1

8.46e5 3.50e+1

1.e+10 3.50e+1

noskip

5.et4 3.5le+l

1l.e+10 3,5le+l

0

: skip

: isl is2 jsl js2 ksl ks2 F ;€A :
101 11 2 2 (13 <. e Tes JOu T2 regeon

0.0 20.0 0.0 2 Massy w ot ' a

2.60e5 20.0 0.0

3.60e5 20.0 2.955e-6

1.e+10 20.0 2.955e-6

0

Output C=-10 Q=~10 T=1 G=1 P=1

-

isolv newtnmn newtnmx north nitmax level
Solve 3 2 112 2 100

:AUTO—step DPMXE DSMXE DTMPMXE DP2MXe TACCEL TAUTODT FACL
AUTO-step 5.0E+4 0.03 5.0 l.e4 1.0e-3 0 0

;TOLR TOLP TOLS TOLT TOLP2 TOLM TOLA TOLE rtwotol rmxtol smxtol
Tolx 1. 5.e~4 5.e-3 1. l.e~3 l.e-3 1.e-3 1l.e-12 1l.e-12 l.e-12

Limit dpmx dsmx dtmpmx dp2mx dtmn dtmx icutmx
LIMIT l.e5 08 10. 1.e5 1.e-9 .1

target dt dpmx dsmx dp2mx dtmpmx

: print all at every target time
PLOTS 1

: Time{d] 1l.e-5 l.e-5
Timefd] 1.

Time[d] 5.

Time(d] 10.

Time[d]} 20.

Time{d] 30.

Time{d] 40.

Time[d] 50.

Ends
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simulation of laboratory-scale dripping experiment - Bldg 51 CNWRA

July 29, 1998
: dem-sm3.dat
smaller model to fit in metra element dimension limitation

: This run statred with dripl31l converted to DCM
this run is to test sat of matrix, fract & drift for heat that ran ok in drip38

put in invert with same properties as cement
heat loss at boundaries included
boundary elements at le-2

: heat capacity of boundary elements at 840
infiltration rate of le-5 for two columns

ipvtab set to 0
fract por = 0.5 from 0.99
fract perm up to lel2 from leld

increased alpha of frac from 6.36e-4 to 2.0e-4
changed cp of drift from 10 to 840

changed density of drift from 2600 to 1600
changed drift and fracture to linear capillary function
removed heater from drift properties

set porosity of fracture to 0.7 and drift to 0.99
set sgc in ecm to 0.0
set heater porosity to 0.0

set residual saturation in fracture and drift to 0.0
: modified infiltration to start after 3 days

changed from correlations to table look up
decreased thermal conductivity of air from 20 to 15
set air perm to e-12

set matrix perm to 2e-17 fro 2e-18
set max Pa to 1.0 from 0.005 in linear models

ramped up heat over 5e4 seconds to 7.00e+l
changed init sat to 0.99 in matrix and 0.10 in fracture and drift
changed matrix porosity to 0.05 and fracture to 0.99

set infiltration up to 5.0e-4
but ramped up from 2.60 to 3.60e5 sec

reduced fracture porosity from 0.40 to 0.10
increased porosity back to 0.42
increased matrix saturation from 0.3 to 0.4, adjusted sats.

: modified sgm in init
decreased fracture perm to le-12 and filled in matrix perm (was default)

same as drip63 but with fract thermal set to drift
further increased matrix saturation from 0.4 to 0.5
further increased matrix saturation from 0.5 to 0.5

changed matrix to single continuum
matrix alpha increased by 100x to e-5 - undone
set back to ECM for matrix

set heater porosity to 0.0l w/ k=e-27
set to calc not table

set gas saturation of matrix to .60
reduced water infil to 2.955e-6 kg/s = 1 l/day
increased volume of boundary elements to le-2 from le-1l w.r.t drip87

increase thermal k of bec from 0.5 to 0.7 to 1.7
set k of bec to 0.0 and cp to le5 then back to led

increased time of simulation to 35 days
moved water injection to 2z=2 since bc k=0
decreased vol of bc to led

inereased heat for 7 to 8 and again to 9 then back to 8.5 then back to 8.0 back to 8.5
increased alpha of frac in medium to 1.3e-1 to reduce drainage

changed top & bottom to iasulating bc & made sides less conductive
increased no. of elements in x-direction from 14 to 17
inereased heat from 8.5 to 9.5 back to 8.5 back to 7.0 back to 5.5 up to 6.0 back to 5.5

decreased thermal k of side & front bc from e4 to e3
reduced size of side and front from .5 to .1 to le-3

reduced thermal k on top & bottom from 1 to 0.5
reduced heat at 4.23e5 from 5.5 to 4.25 then to 3.5 at 10 days
made top & bottom conducting using large element size of le-3

decreased vol of top & bottom to le-2, then inc bot to le-1

—————

R S——

: dripl24 put time up to 50 days

: dripl24 put steady heat source of 5.0e+l

: dripl25 reduced heat to 4.3e+l

: dripl26 increased infiltration by 8x
dripl27 set infil back to 1x and heat to 142/4
dripl29 increase infiltration to 2x

: dripl30 increase infiltration to 8x

: dripl31 set infiltration to 4x

: dem-sm set fracture and drift fracture to 4

: dem-sm2 set ylm to 0.3
dcm-sm3 set ylm to 0.03

RSTART O
XYZ = 1 table lock-up,; pref = ref. press.
RADIAL = 0 correlations; tref = ref temp.
OTHER ~
: |
:grid geometry nx ny nz ivplwr ipvtcal iout pref tref href
Grid DCMXYZ 9 10 11 1 1 3 0 0 0 0
: data taken from sandia report:Green et al. 1995, NUREG/CR-6348
Pckrl :relative perm and pc
H i type-curv swirm rpmm(lamda) alpham swext sgc iecm
1 Van-Gen 0.05 L3717 6.36e-7 0 0.0 O ! matrix block
i type-curv swrim unused unuéed p&0-sat sgc iecm
2 linear 0.00 0.000 0.00 1.0 0.0 0 ! emplacement drift
i type—curv swrim unused unused p@0-sat sgc iecm
3 linear 0.00 0.000 0.00 1.0 0.0 0 ! primary fracture
i type-curv swirf rpmf(lamda) alphaf swext sgc iecm
4 Vvan-Gen 0.08 0.7619 1.3e-1 0.0 0.0 0 ! matrix fractures
0 :blank line
Debug 1
0
Thermal-prop
: no rho cpr ckdry cksat crp crt tau cdiff cexp enbd
1 1.600e+03 840.0 0.50 1.0 [¢] 0 .5 2.13e-5 1.8 0. 0 tmatrix
2 1.600e+03 840.0 15.0 15.0 0 0 .5 2.13e-5 1.8 0. 0 !drift
3 1.600e+03 1.0e+3 1.70 1.70 0 0 .5 2.13e-5 1.8 0. O
4 1.600e+03 840.0 0.50 0.50 0 ] 5 2.13e-5 1.8 0. 0
o .
: igrid rw re
DXY2 o

: (dx(i),1i=1,nx)

0.0002 .0015 .0239 .0508 .0762 .1016 .1016 .1016 .2032

t (dy(3),3=1.ny)

0.0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304
: (dz(k),k=1,nz)

8.1316 .1016 .1016 .1016 .1016 .0508 .0508 .0508 .1524 .2032
L2032

:.0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508 .0508
:.0254 .0254 .0254 .0254 .0254 .0254 .0508 .1016 .1016 .1016
.1016 .1016

!side boundaries
!top & bottom bounda

matrix
front
side
top
bottom
fracture
drift
drift
drift
fracture
drift
drift
drift
heater

PhikK
i1 12 31 j2 k1 k2 ist ithrm vb porf permxf permyf permzf pormm permm istm ithrmm
1 9 110 1 11 4 1 0. 0.42 1.e-17 l.e~17 1.e-17 0.42 1l.e-17 1 1
1 91010 11314 3 1.0e-30.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00 1 3
9 9 110 111 4 3 1.0e-3 0.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00 1 3
19 110 1 14 4 1.0e-20.0L 0.e~00 0.e-00 0.e-00 0.01 0.e-00 1 4
1 9 110 11 11 4 4 1.0e-1 0.01 0.e-00 0.e-00 0.e~00 0.01 O0.e~00 1 4
1 1 110 111 4 2 0. 0.10 1.e-12 1.e-12 1.e-12 0.10 1l.e~12 4 2
1 3 110 6 8 2 4 0. 0.99 1.e-12 1l.e-12 1.e-12 0.99 1l.e-12 4 2
3 3 110 6 8 2 4 0. 0.99 1.e-12 1l.e-12 1.e-12 0.99 1l.e-12 ¢ 2
4 4 110 7 72 4 0. 0.99 1.e~12 1.e-12 1l.e-12 0.99 1l.e-12 4 2
1 1 110 1113 2 0. 0.10 l.e-12 1.e-12 1.e-12 0.10 1l.e-12 4 2
1 3 110 6 82 2 0. 0.99 1.e-12 1.e-12 1.e~12 0.99 1l.e-12 4 2
3 3 110 6 8 2 2 0. 0.99 1.e-12 1.e-12 1.e-12 0.99 1l.e-12 4 2
4 4 110 7 72 2 0.°0.99 1.e-12 1l.e-12 1.e-12 0.99 1l.e-12 4 2
1 31 3 7 71 1 0. 0.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00 1 1
0
Init
il 12 jr j2 k1 k2 p t 59 Xg2 pm tm sgm xgm
1 g 1 10 1 11 1.0315e5 20.0 0.60 0. 1.0e5 20.0 .60 0. ! matrix
1 11 10 1 11 1.0315e5 20.0 0.99 0. 1.0e5 20.0 .99 0. ! fracture
1 31 10 6 § 1.0315e5 20.0 0.99 0. 1.0e5 20.0 .99 0. ! drift
3 3 1 10 6 8 1.0315e5 20.0 0.99 0 1.0e5 20.0 .99 0. ! drift
4 4 1 10 7 7 1.0315e5 20.0 0.99 0 1.0e5 20.0 .99 0. ! drift
0

3T
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;i1 12 31 32 k1 k2 volf areamodf xlm
1 9 116 111 0.002 1.0 .05

skip
11 110 111 0.10 10.0 .0001
1 1 110 6 8 0.99%9e~-1 1.0 L0001
2 2 110 6 8 0.99%9e-1 1.0 .0005
2 2 110 6 8 0.9%9e-1 1.0 .0010
3 3 110 6 8 0.99e-1 1.0 .0050
3 3 110 6 8 0.99e-1 1.0 .0189
4 4 110 6 8 0.99e~1 1.0 .0254
4 4 110 7 7 0.99e-1 1.0 .0254
T 3 1 3 2 2 0.02 1000.0 .05

noskip

0

:Equil depth
:Equil 1.00

Recurrent
:Skip

ns

Source 2

isl is2 jsl

103 1

0 0.0
skip

5.e+4 5.50e+l
4.22e5 5.50e+1
4.23e5 4.25etl
8.45e5 4.25e+1
8.46e5 3.50e+l
1. 3.50e+1

S.e+4 3.5le+l
1.e+10 3.S5le+l

isl is2 jsl
1 1 1
0.0 20.0

2.60e5 20.0
3.60e5 20.0 2

l.e+10 20.0 2

Output C=-10

isolv newtnmn newtnmx north

Solve 4 2

:AUTO-step DPMXE

ylm

0.03

.0304
.0304
.0304
.0304
.0304
.0304
L0304
.0304
0.6

zlm

.05

.0254
L0254
.0254
.0254
.0254
.0254
.0254
L0254 !
.05

pdepth tdepth tgrad param iequil

103150 20.

0. 0.

-1

! matrix

fracture
drift
drift
drift
drift

! drift
! drift

drift

! water injection

fach facm (fach and facm are multipliers to

1. 1.
js2 ksl ks2 istyp
3 7 7 33

js2 ksl ks2 istyp
4 2 2 13

0.0
0.0
.894e-6
.8%4e-6

0=-10 T=1 6=1

12 4

AUTO-step 5.0E+4 0.03 5.0

;TOLR TOLP TOLS TOLT TOLP2

DSMXE DTMPMXE

P=1

100

l.e4

nitmax

DP2MXe TACCEL

level

1.0e-3

Tolr 1. 5.e-4 5.e-3 1. l.e-3 1l.e-3 1l.e-3

:Limit dpmx
LIMIT 1.e5

target

PLOTS 1

dsmx dtmpmx dp2mx dtmn dtmx icutmx

.08 10. 1.e5 1.e-9 .1

dt dpmx dsmx

. Time[d] 1l.e-10 1l.e-10

Time(d] 1.

Time{d] 5.
Time(d] 10.

dp2mx

print all at every target time

dtmpmx

TOLM TOLA TOLE rtwotol
l.e-12

read-in values of ght and gmt)

IAUTODT FACL
0 0

rmxtol smxtol
1.e-12 l.e-12

e et d ainm o I 5O 0(@«;:1.
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Simulation of laboratory-scale dripping experiment - Bldg 51 CNWRA

August 12, 1998
dcm-sm38.dat

: smaller model to fit in metra element dimension limitation
: This run statred with dripl31l converted to DCM
this run is to test sat of matrix, fract & drift for heat that ran ok in drip3

put in invert with same properties as cement
heat loss at boundaries included

boundary elements at le-2
heat capacity of boundary elements at 840
infiltration rate of le-5 for two columns

ipvtab set to 0
: fract por = 0.5 from 0.99

: fract perm up to lel2 from lel4
: increased alpha of frac from 6.36e-4 to 2.0e-4

: changed cp of drift from 10 to 840
changed density of drift from 2600 to 1600
changed drift and fracture to linear capillary function

removed heater from drift properties
set porosity of fracture to 0.7 and drift to 0.99

set sgc in ecm to 0.0
set heater porosity to 0.0

set residual saturation in fracture and drift to 0.0
: modified infiltration to start after 3 days
changed from correlations to table look up

decreased thermal conductivity of air from 20 to 15
: set air perm to e-12

set matrix perm to 2e-17 fro 2e-18
set max Pa to 1.0 from 0.005 in linear models

ramped up heat over 5e4 seconds to 7.00e+l
: changed init sat to 0.99 in matrix and 0.10 in fracture and drift
changed matrix porosity to 0.05 and fracture to 0.99

; set infiltration up to 5.0e-4
: but ramped up from 2.60 to 3.60e5 sgec

reduced fracture porosity from 0.40 to 0.10
increased porosity back to 0.42

: increased matrix saturation from 0.3 to 0.4, adjusted sats.
modified sgm in init
decreased fracture perm to le-12 and filled in matrix perm (was default)

same as drip63 but with fract thermal set to drift
further increased matrix saturation from 0.4 to 0.5

further increased matrix saturation from 0.5 to 0.5
changed matrix to single continuum

matrix alpha increased by 100x to e-5 - undone
set back to ECM for matrix
: set heater porosity to 0.01 w/ k=e-27

set to calc not table
set gas saturation of matrix to .60

reduced water infil to 2.955e-6 kg/s = 1 1l/day
: increased volume of boundary elements to le-2 from le-1 w.r.t drip87

increase thermal k of bc from 0.5 to 0.7 to 1.7
: set k of bc to 0.0 and cp to le5 then back to le4
: increased time of simulation to 35 days

moved water injection to z=2 since bc k=0
decreased vol of bc to 1le0

: increased heat for 7 to 8 and again to 9 then back to 8.5 then back to 8.0 bac
: increased alpha of frac in medium to 1.3e-1 to reduce drainage

changed top & bottom to insulating bc & made sides less conductive
increased no. of elements in x-direction from 14 to 17
increased heat from 8.5 to 9.5 back to 8.5 back to 7.0 back to 5.5 up to 6.0 b

decreased thermal k of side & front bc from e4 to e3
reduced size of side and front from .5 to .1 to le-3

: reduced thermal k on top & bottom from 1 to 0.5
reduced heat at 4.23e5 from 5.5 to 4.25 then to 3.5 at 10 days

made top & bottom conducting using large element size of le-3
: decreased vol of top & bottom to le-2, then inc bot to le-1
: dripl24 put time up to 50 days

: dripl24 put steady heat source of 5.0e+l :
dripl25 reduced heat to 4.3e+l

: dripl26 increased infiltration by 8x
: dripl27 set infil back to 1x and heat to 142/4

dripl29 increase infiltration to 2x
: dripl30 increase infiltration to 8x
: dripl31 set infiltration to 4x

H
{



dem-sm set fracture and drift fracture to 4 ‘ 41:1
41() - dcm-sm2 set ylm to 0.3 i | PhiK ~7
dcm-sm3 set ylm to 0.03 1 : 11 i2 j1 j2 k1 k2 ist ithrm vb porf permxf permyf permzf pormm permm istm it )
: dem-smé same as sm3 but out to 125 yrs i 1 9 110 1 114 1 0. 1.00 1.e-10 1.e-10 1.e-10 0.42 S5.e-17 1 1 Sé/k— 7/ ,
%Z/z,qy%aga dem-smS revised BC, moved infil to top z=1 1 51010 1114 3 1.0e-3 0.0l 0.e-00 0.e-00 0.€-00 0.01 0.e-00 1 3 G/
/ dem-smé increased heat source by 1.25x 9 9 110 1114 3 1.0e-3 0.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00 1 3 ‘
dem-sm7 increased heat source by 1.75x 1 9 110 1 14 4 1.0e-2 0.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00 1 4
dem-sm8 moved heater down 0.1016 m, no flow in fractures 1 9 110 11 114 4 1.0e-1 0.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00 1 4
dem-sm9 set h2o inj to x=1,2 y=1,4 z=1,1, still no flow in fractures 1 9 10 10 111 4 3 0. 1.00 1.e-10 1.e-10 1.e-10 0.42 5.e-17 1 3
dem-sml0 inc areamodf to le5 for inj 9 9 110 1114 3 0. 1.00 1.e-10 l.e-10 1.e-10 0.42 5.e-17 1 3
: dem-smll dec k of be from e-12 to e-17 i 9 110 1 14 5 0. 1.00 1.e-10 1.e-10 1.e-10 0.42 5.e-17 1 5
: dem-sml2 inc k of matrix from e-17 to e-12 1 9 110 11 11 4 4 0. 1.00 1.e-10 1.e-10 1l.e-10 0.42 5.e-17 1 4
: dem-sml3 added frac to dempara with areamodf=0.01 - 1 1 110 1114 2 0. 1.00 1l.e-12 1.e-12 l.e-12 0.10 1.e-12 4 2
: dem-sml4 inc frac k to e-10 and dec frac por to 0.01 1 3 110 6 82 4 0. 1.00 1.e-10 1.e-10 1.e-10 0.99 1.e-12 4 2
: dem-sml5 inc frac por to 1.0 from 0.01 3 3 110 6 82 4 0. 1.00 1.e-10 1.e-10 1.e-10 0.99 1.e-12 4 2
: dem-sml6 reduced heat load to 1.50 from 1.75 4 4 110 7 72 4 0. 1.00 1.e-10 1.e-10 1.e-10 0.99 1l.e-12 4 2
: dem-sml7 inc mat k to 5e-17, frac k to le-9 1 1 110 1113 2 0. 0.10 1.e-12 1.e-12 1l.e-12 0.10 1.e-12 4 2
: dem-sml8 inc vol of be, dec k of frac to 1le-10, inc heat to 1.6 1 3 1 10 6 8 2 2 0. 0.99 1.e-12 1.e-12 1.e-12 0.99 1l.e-12 4 2
: dem-sml9 dec size of bc from e-2 to e-4, frac k back to e-10 R 3 3 110 6 8 2 2 0. 0.99 1.e-12 1.e-12 l.e-12 0.99 1l.e-12 4 2
: dem-sm20 ine heat to 1.75 4 4 110 7 72 2 0. 0.99 1.e~12 1.e-12 l.e-12 0.99 1.e-12 4 2
: dem-sm21 dec be to e-5, dec kt to 1.0 & dt to le4 of be 1 3 1 3 6 64 1 0. 1.00 1.e-10 1.e-10 1.e-10 0.42 5.e-17 1 1
: dem-sm22 dec heat to 1.25 from 1.75 0
: dem-8sm23 inc be back to 5e-4 from e-5 .
: dem-sm24 inc bc kt from e4 to e5 :
dem-sm25 dec heat ramp-up time, dec kt of bc to 5e4 from e5 Init
dcm-sm26 red vb to 0, inc kt to 5e5 from Se4 : i1 i2 j1 j2 k1 k2 p t 8g Xg2.pm _tm sgm xgm
dcm-sm27 red kt of bc to Sed d 9 1 10 1 11 1.0315e5 20.0 0.60 0. 1.0e5 20.0 .60 0. ! matrix
dem-sm28 red unsat kt of bec to 0.5 from 1.0, dec unsat kt of matrix to 0.2 1 101 10 1 11 1.0315e5 20.0 0.99 0. 1.0e5 20.0 .99 0. ! fracture
dcm-sm29 dec sat kt of mat to 0.6, dec kt of drift to 5 from 15 1 3 1 10 6 8 1.0315e5 20.0 0.99 0 1.0e5 20.0 .99 0. ! drift
dcm-sm30 dec heat to 1.00 3 3 1 10 6 8 1.0315e5 20.0 0.99 0. 1.0e5 20.0 .99 0. ! drift
dem-sm31 inc kt of drift from 5. to 10. 4 4 1 10 7 7 1.0315e5 20.0 0.99 0. 1.0e5 20.0 .99 0. ! drift
dem-sm32 adjusted coords to better approx test cell & heater 0
dcm-sm33 gave heater matrix props, adj x-dim of heater, dec sat from 0.4 to 0. DCMPARA
dcm-sm34 inc sat from 0.3 to 0.4 : i1 i2 j1 j2 k1 k2  volf areamodf xIm ylm zlm
dcm-sm35 removed heater as matrix properties 1 9 110 1 11 0.002 1.0 .05 0.03 .05 | matrix
dem-sm36 red size of all boundary elements to 0.0001 ™ skip
dcm-sm37 inc cp of bc from 5e4 to 5eS i1 110 111 0.10 0.01 .0001 .0304 .0254 ! fracture
: dcm-sm38 inc size of top element, dec ck of top 1 1 110 6 8 0.99%-1 1.0 .0001 .0304 .0254 ! drift
RSTART 0 2 2 110 6 8 0.99e-1 1.0 .0005 .0304 .0254 ! drift
: 2 2 1110 6 8 0.9%e-1 1.0 .0010 .0304 .0254 ! drift
: - XY2Z = 1 table lock-up,; pref = ref. press. 3 3 110 6 8 0.99e-1 1.0 .0050 .0304 .0254 ! drift
: RADIAL = 0 correlations; tref = ref temp. 3 3 110 6 8 0.9%e-1 1.0 .0189 .0304 .0254 ! drift
: OTHER 4 4 110 6 8 0.99e-1 1.0 .0254 .0304 .0254 ! drift
: 4 4 110 7 7 0.99e-1 1.0 .0254 .0304 .0254 ! drift
:grid geometry nx ny nz ivplwr ipvtcal iout pref tref href 1 2 1 4 1 1 0.02 l.e+5 .05 0.6 .05 ! water injection
Grid DCMXY?Z 9 10 11 1 1 2 0 0 0 0 noskip
0
: data taken from sandia report:Green et al. 1995, NUREG/CR-6348 :Equil depth pdepth tdepth tgrad param ieqguil
Pckr :relative perm and.pc :Bquil 1.00 103150 20. 0. 0. -1
: i type-curv swirm rpmm(lamda) alpham swext sgc iecm :
1 Van-Gen 0.05 L3717 6.36e-7 0 0.0 0 | matrix block Re;urrent
:Skip
i type-curv swrim unused unused p@0-sat sgc iecm : ns fach facm (fach and facm are multipliers to
2 linear 0.00 0.000 0.00 1.0 0.0 © 't emplacement drift | : read-in values of ght and gmt)
. 4 Source 2 1.00 1.
i type-curv swrim unused unused p@0-sat sgc iecm : isl is2 jsl js2 ksl ks2 istyp
3 1linear 0.00 0.000 0.00 1.0 0.0 0 ! primary fracture 1 3 1 3 6 6 33
0.0 0.0
i type-curv swirf rpmf(lamda) alphaf swext sgc iecm l.e+4 3.5le+l
4 Van-Gen 0.08 0.7619 1.3e-1 0.0 0.0 0 ! matrix fractures 1.e+10 3.51le+l
0 :blank line 0
: : isl is2 jsl js2 ksl ks2 istyp
Debug 1 1 2 1 4 1 1 13
0 0.0 20.0 0.0
Thermal -prop g RS S 2.60e5 20.0 0.0
: no rho cpr ckdry cksat F crp crt tau cdiff cexp enbd 3.60e5 20.0 2.89%4e-6
1 1.600e+03 840.0 L. 0.20......0.64 0 0 .5 2.13e-5 1.8 0. 0 !matrix 1.e+10 20.0 2.894e-6
2 1.600e+03 840.0 10.0 10.0 0 0 .5 2.13e-5 1.8 0. 0 !drift ) 0
3 1.600e+03 5.0e+5 0.50 1.00 0 0 .5 2.13e-5 1.8 0. 0 lside b Output C=-10 Q=-10 T=1 G=1 P=1
4 1.600e+03 5.0e+5 0.50 1.00 0 0 .5 2.13e-5 1.8 0. 0 !bottom :
5 1.600e+03 5.0e+3 0.50 1.00 0 0 .5 2.13e-5 1.8 0. 0 !top bo : isolv newtnmn newtnmx north nitmax level
s} Solve 4 2 12 4 100
: igrid rw re - :
DXYZ 0 :AUTO-step DPMXE DSMXE DTMPMXE DP2MXe TACCEL JAUTODT FACL
: (dx(i),i=1,nx) D AUTO-step 5.0E+4 0.03 . 5.0 l.e4 1.0e-3 0 0
0.0002 .0015 .0239 .0508 .0762 .1016 .1016 .2410 .0001 :
: (dy(3),3=1,ny) :TOLR TOLP TOLS TOLT TOLP2 TOLM TOLA TOLE rtwotol rmxtol smxtol
0.0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0607 .0001 Tolr 1. 5.e-4 5.e-3 1. l.e-3 1l.e-3 l.e-3 1l.e-12 1l.e-12 l.e-12
: {dz (k) ,k=1,nz) :
0.1000 .1032 .2032 .1016 .0508 .0254 .0508 .1016 .2032 .2539 » :Limit dpmx dsmx dtmpmx dp2mx dtmn dtmx icutmx
0.0001 LIMIT 1.e5 .08 10. 1.e5 1.e-9 .1
: 0.0001 .2031 .2032 .1016 .0508 .0254 .0508 .1016 .1016 .1524 ; :
0.2032 -] target dt dpmx dsmx dp2mx  dtmpmx
: 0.1016 .1016 .2032 .1016 .1016 .0508 .0508 .0508 .1016 .1524
: 0.2032
-y
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Simulation of laboratory-scale dripping experiment - Bldg 51 CNWRA
August 24, 1998
: dem-smé7.dat
: smaller model to fit in metra element dimension limitation
This run statred with dripl31 converted to DCM

Mw Yomay, dn. cicfw\ 'Srw(}&‘ det ©a »’Iﬂxz’)/.39”‘}'7—'

dcm-sm34 inc sat from 0.3 to v.4
dcm-sm35 removed heater as matrix properties
dcm-sm36 red size of all boundary elements to 0.0001
dcm-sm37 inc cp of bc from 5e4 to 5e5
dem-sm38 inc size of top element, dec ck of top
dcm-smé43 inc cp at side at heater (y=1-4,z=4-6)
dcm-smé4 ine size of high cp zone on side (y=1-4,2z=4-8)
dcem-sm45 dec size of high cp zone on side to y=1-4,2z=5-7
: dem-sm46 inc cp of side bc to 5e7,
: dem-sm47 dec cp of side to e6, inc size to z=4-8
: dem-sm48 inc cp of side to 5e6, inc size to z=3-9,
dcm-sm49 inc cp of side to e7, still too hot
dem-sm50 inc cp of side to e8, inc kt to 1.5, 2, still too hot

dem-sm51 inc cp of side to e9, Se6, inc size to z=2,10
dcm-sm52 inc kt of matrix to 0.4, 0.8 from 0.2,
dcm-8mS3 dec kt of matrix to 0.3, 0.8

dem-sm54 rev cp of top & bot i

: dem-gm55 set cp of top & bot to Se4, set matrix kt to 0.4, 0.6
: dem-sm56 inc cp of top & bot to Se6, set tmax from 0.1 to 0.2

ran past 6.1 d

dem-sm57 moved high heat loss to front from side, corr drift therm to 2,

dcm-sm58 dec cp of front from le9 to 5e7, dec z= 4,8
dem-smS9 ine fract k to e-8 from e-10, inc bot cp to e8,
dem-gm60 inc sat kt of matrix to 1., dec frac k to e-9 from e-8

K 829155

added monitor on drift, stalled at 25.5 &

0.6, very senaitive to kt

inc b

inc sat kt of mat to

dem-smél dec mat kt to .4-.7, dec frac k to e-10, dec mat k to 2e-18, adj wat
: dem-smé4 inc mat k to 2e-17 from 2e-18
: dem-smé6 dec heat to 0.9 for heat loss
: dcm-smé7 inc areamedf of mat to 10.0 from 0.1
RSTART 0
XYz = 1 table look-up,; pref = ref. press.
RADIAL = 0 correlations; tref = ref temp.
OTHER ©
:grid geometry nx ny nz ivplwr ipvtcal iout pref tref href
Grid DCMXYZ 9 10 11 1 1 2 0 Q 0 0
: data taken from sandia report:Green et al. 1995, NUREG/CR-6348
Pckr :relative perm and pc
: i type-curv swirm rpmm(lamda) alpham swext sgc iecm
1 Van-Gen 0.05 .3717 6.36e-7 o] 0.0 0 ! matrix block
i type-curv swrim unused unused p@0-sat sgc iecm
2 1linear 0.00 0.000 0.00 1.0 0.0 0 ! emplacement drift
i type-curv swrim unused unused p@ld-sat sgc iecm
3 linear 0.00 0.000 0.00 1.0 0.0 © ! primary fracture
i type-curv swirf rpmf{(lamda) alphaf swext sgc iecm
4 Van-Gen 0.08 0.761¢% 1.3e-1 0.0 0.0 0 ! matrix fractures
0 :blank line
Debug 1
o
Thermal -prop :
no rho cpr ckdry cksat crp crt tau cdiff cexp enbd
1 1.600e+03 840.0 0.40 0.70 0 0 .5 2.13e-5 1.8 0. 0 !matrix
2 1.600e+03 840.0 10.0 10.0 0 0 .5 2.13e-5 1.8 0. 0 !drift
3 1.600e+03 5.0e+6 0.50 1.00 o] 4] .5 2.13e-5 1.8 0. 0 lside b
4 1.600e+03 1.0e+8 0.50 1.00 0 0 .5 2.13e-5 1.8 0. 0 !bottom
5 1.600e+03 5.0e+6 0.50 1.00 0 0 .5 2.13e-5 1.8 0. 0 !top bo
6 1.600e+03 5.0e+7 1.50 2.00 0 0 .5 2.13e-5 1.8 0. 0 ifront
0
: igrid ™ re
DXYZ 0

(dx (i) ,1i=1,nx)

0.0002 .0015 .0239 .0508 .0762 .1016
(dy(J) lj=1lny)

0.0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0607 .0001
(dz (k) , k=1,nz)

0.1000 .1032 .2032 .1016 .0508 .0254 .0508 .1016 .2032

0.0001
0.0001 .2031 .2032 .1016 .0508 .0254 .0508 .1016 .1016 .1524
0.2032

.1016 .2410 .0001

.2539

0.1016 .1016

a5

.2032 ,1016 .1016 .0508 .0508 .0508 .1016 .1524

0.2032 !
Phik
il i2 j1 j2 k1 k2 ist ithrm vb porf permxf permyf permzf pormm permm istm it
1 9 110 1 11 4 1 0. 1.00 1.e~10 1l.e-10 1.e-10 0.42 2.e-17 1 1
: 1 9 10 10 111 4 3 1.0e-3 0.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00 1 3
9 g 110 111 4 3 1.0e-3 0.01 0.e-00 0.e-00 0.e-00 0.01 0.e-00 1 3
1 9 110 1 14 4 1.0e-2 0.01 0.e-00 0.e-00 0.e-00 0.01 O0.e-00 1 4
: 1 9 110 11 11 4 4 1.0e-1 0.01 0.e-00 0.e-00 0.e-00 0.01 0Q.e-00 1 4
1 9 10 10 111 4 3 0. 1.00 1.e-10 1.e-10 1l.e-10 0.42 2.e-17 1 3
9 9 1 10 111 4 3 0. 1.00 1.e-10 1.e-10 1.e-10 0.42 2.e-17 1 3
1 4 10 10 4 8 4 6 0. 1.00 1.e-10 1.e-10 1.e-10 0.42 2.e-17 1 6
1 9 110 1 14 S 0. 1.00 1.e-10 1.e-10 1l.e-10 0. 2.e-17 lﬂ_n_S,TO“
1 9 110 11 11 4 4 .0, 1,00 1.e-10 1.e-10 1l.e- lQﬂQ¢A2~;lJLJJ ETOM
T 1 110 111 4 2 0. 1.00 1.e-12 1.e-12 1.e-02 0. l.e-12 4
1 3 110 6 82 2 0. 1.00 1.e-10 1.e-10 l.e-10 0.99 l.e-12 4 2
3 3 110 6 8 2 2 0. 1.00 1.e-10 1.e-10 1.e-10 0.9% 1l.e-12 4 2
4 4 1 10 7 72 2 0. 1.00 1.e-10 1.e-10 1.e-10 0.99 1.e-12 4 2
0 1 1 110 111 3 2 0. 0.10 1.e-12 1.e-12 1.e-12 0.10 1l.e-12 4 2
¢ 1 3 110 6 8 2 2 0. 0.99 1.e-12 1.e-12 1l.e-12 0.99 1l.e-12 4 2
¢ 3 3 110 6 8 2 2 0. 0.99 1.e-12 1.e-12 1l.e-12 0.99 1.e-12 4 2
: 4 4 1 10 7 72 2 0. 0.99 l.e-12 l.e-12 1l.e-12 0.99 1l.e-12 4 2
: 1 31 3 6 6 4 1 0. 1.00 1.e-10 l.e-10 1.e-10 0.42 2.e-18 1 1
0
Inlt
: i1 i2 j1 j2 k1 k2 p t 8g Xg2 pm tm sgm xgm
1 9 1 10 1 11 1.0315e5 20.0 0.60 0. 1.0e5 20.0 .60 0. ! matrix
1 1 1 10 1 11 1.0315e5 20.0 0.99 0. 1.0e5 20.0 .99 0. ! fracture
1 3 1 10 6 8 1.0315e5 20.0 0.99 0. 1.0e5 20.0 .99 0. ! drift
3 3 1 10 6 8 1.0315e5 20.0 0.99 0. 1.0e5 20.0 .99 0. ! drift
4 4 1 10 7 7 1.0315e5 20.0 0.99 0. 1.0e5 20.0 .99 0. ! drift
0
DCMPARA
il i2 j1 j2 k1 k2 volf areamodf xlm ylm zlm
1 9 110 1 11 0.002 10.0 .05 0.03 .05 ! matrix
skip
i 1 110 111 0.10 0.01 .0001 .0304 .0254 ! fracture
1 1 110 6 8 0.99%e-1 1.0 .0001 .0304 .0254 ! drift
2 2 110 6 8 0.99%e-~1 1.0 .0005 .0304 .0254 ! drift
2 2 110 6 8 0.99e-1 1.0 .0010 .0304 .0254 ! drift
3 3 110 6 8 0.99e-1 1.0 .0050 .0304 .0254 ! drift
3 3 110 6 8 0.99e-1 1.0 .0189 .0304 .0254 ! drift
4 4 110 6 8 0.9%e-1 1.0 .0254 .0304 .0254 ! drift
4 4 110 7 7 0.99%e-1 1.0 .0254 .0304 .0254 ! drift
noskip
1 2 1 4 1 1 0.02 1.e+5 .05 0.03 .05 ! water injection
¢
:Equil depth pdepth tdepth tgrad param iequil
:Equil 1.00 103150 20. 0. 0. -1
Recurrent
:Skip
: ns fach facm (fach and facm are multipliers to
: read-in values of ght and gmt)
Source 2 0.90 1.
isl is2 js1 js2 ksl ks2 istyp
1 3 1 3 5] 3 33
0.0 0.0
l.e+4 3.5le+l
l.e+10 3.51e+l
0
: isl is2 jsl js2 ksl ks2 istyp
1 2 1 4 1 1 13
0.0 20.0 0.0
2.60e5 20.0 0.0
3.60e5 20.0 2.89%4e-6
l.e+10 20.0 2.894e-6
0
Output =-10 Q=-10 T=1 G=1 P=1
: isolv newtnmn newtnmx north nitmax level
Solve 4 2 12 4 100
:AUTO-step DPMXE DSMXE DTMPMXE Dp2MXe TACCEL IAUTODT FAC1L
AUTO-step 5.0E+4 0.03 5.0 l.ed 1.0e-3 0 0
:TOLR TOLP TOLS TOLT TOLP2 TOLM TOLA TOLE rtwotol rmxtol smxtol
5.e-4 5.e-3 1. l1.e-3 1l.e-3 1l.e-3 1l.e-12 1l.e-12 l.e-12

Tolr 1.




46 ?j :Limit dpmx dsmx dtmpmx dp2mx dtmn dtmx icutmx %i 47
8 io
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— dc,vw “’:)6*\» 6? c‘&G “0 0( — Ci':;\"'\ — Svm, Q’L/) {{:*- l ,(j 5{ [ C’/QC-M« ’5 [ (QC“D (Ja‘ l {C‘cl ; Fa d > /
}
1o | (Kowd noa by “%‘*"“ 3 Ate Pl padpo
% r&(;vwv Sem 09 Qw@' d‘rea\-Wo)‘Fz (. O
G)[C A = S 70 . (JA(/ o\feamu.;b .; = (Q”Q’
r/Q [ VS A 7( < r;Q Cv{/ AU Ceanpn D c)‘F = l e-1T i
me M‘D A /V\GWP»//SV\,e g ‘%;/{/?%JQC-'»//MWL‘*’&/olvc;lalr//oeCn FUO 1. .1_\/,
{
: dem-smé4 inc mat k to 2e-17 from 2e-18 !
: dem-sm66 dec heat to 0.9 for heat loss 1E
: dem-smé7 inc areamodf of mat to 10.0 from 0.1 E
: dem-smé9 inc size of bot to keep cool, set areamodf back to 1.0 i R 3
: dem-sm70 dec areamodf for mat from 1.0 to le-4 ! R
: dem-sm71 inc areamodf from e-4 to e-2, inc dt from .2 to .4 Width (m)
RSTART O
|
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j m'-ﬁ? LN L(&h ()‘P LA AN A e, - 2D D/\.—Lu‘ - ,Afw/QQ l \—Vl oY) J’. (;L":&:{w-— 2 Lﬁf‘ oA
§ - v \) \ W if
m (?V“—e-—O'\AAL« {ad DCH i . . . . .
had Z) T e Simulation of DST Experiment Using DCM with floor and wing heater
) Initialization used from gt3.dat
S — : gt3-9-3.dat
7 meard= ) 0 Y, Mﬁ;/ 3 March 16, 1999
-~ {2 ¢ Crohe. Ay ) i Also, the outer wing heater is set to 1500 w from 1000 in gt2.dat
4 | ] V B : Watsolv tolerance changed from l.e-15 to 1l.e-12.
: use DOE TH data set, taken from D. Hughson
— :
__4mm RSTART O
| : XYZ = 1 table look-up,; pref = ref. press.
. : RADIATL = 0 correlations; tref = ref temp.
: OTHER -
. :grid geometry nx ny nz ivplwr ipvtab iout
i GRID DCMXYZ 15 20 25 0 0 1
w“r‘"’" H
:grid geometry nx ny nz ivplwr ipvcal iout gravity pref tref href"M
- :Grid DCMXYZ 34 1 56 1 1 1 0 0 0 0"M
| : Monitor 154
T : data taken from sandia report:san94-2011, UC - 814
| bckr :relative perm and pc keyword
"L : i type-curv swirm rpmm(lamda) alpham swext sgc iecm
: (TSw33 - matrix)
1 Van-Gen 0.06 0.2479 6.2le-6 -1.0e+8 0.0 0
(TSw33 - fracture)
| 2 Van-Gen 0.01 0.667 1.73e-3 -0.0e+8 0.0 0
: {TSw34 - matrix)
3 Van-Gen 0.18 0.3212 1.19e-6 -1.0e+8 0.0 0
| (TSw34 - fracture)
Py 4 Van-Gen 0.01 0.643 9.34e-4 -0.0e+8 0.0 0
A o~ . :
U\/c ’ ! : (TSw35 - matrix)
v “umz/b\) 5 Van-Gen 0.08 0.1983 4.0le-6 -1.0e+8 0.0 0
: (TSw35 - fracture)
6 Van-Gen 0.01 0.667 © 1.26e-3 -0.0e+8 0.0 0
| 7 TABular 0.01 0. 0. 0. 0. O
! .0000 .000E+00 1.000E+00 ©
i .0100 .000E+00 1.000E+00 O
' .0500 1.031E-05 1.000E+00 O
: .1000 1.579E-04 9.998E-01 0
; .1500 7.021E-04 9.993E-01 0
' .2000 1.978E-03 9.980E-01 0
i .2500 4.387E-03 9.956E-01 0
.3000 B8.397E-03 9.916E-01 0
.3500 1.455E-02 9.855E-01 0
.4000 2.346E-02 9.765E-01 0
.4500 3.584E-02 9.642E-01 ©
: .5000 5.253E-02 9.47SE-01 0
.5500 7.449E-02 9.255E-01 0
A .6000 1.029E-01 8.971E-01 0
: .6500 1.391E-01 8.609E-01 0
: .7000 1.850E-01 8.150E-01 0
‘ .7500 2.428E-01 7.572E-01 0
: .8000 3.155E-01 6.845E-01 O
; .8500 4.080E-01 5.920E-01 0O
| .9000 5.278E-01 4.722E-01 0O
A4 .9500 6.916E-01 3.084E-01 O

Ade rL&ru Ayt @ pae AAAV\/‘-V#L%_J") fm M\,z«.. {“Lm éwu

;Debug 1

fendro %WJ T50A -Us TOD T Like, pod

Thermal -prop
: no rho cpr ckdry cksat crp crt tau cdiff cexp enbd
: {(TSw33 - matrix)
1 2.510e+03 883 0.71 1.80 0 0 .5 2.13e-5 1.8 o0.
: (TSw34 - matrix)
2 2.530e+03 948 1.56 2.33 0 Q .5 2.13e-5 1.8 0.
: (TSw35 - matrix)
3 2.540e+03 900 1.20 2.02 0 0 .5 2.13e-5 1.8 o0.
: (drift)
4 1.2 57.4 20.0 20.0 0 0 .5 2.13e-5 1.8 0.

(~ :Q;;;éé, .{%ﬂ;&ﬂ——/ Cfe‘fp ;2/"£":3’)

A 58

R

|
[NV —




527%%/

7GD3

: igrid rw re .
DXYZ 0 y <)
U5 2 9 (dx (i), i=1,nx) M 3 22/%, ;
(4 i ;22 7-2 2-522- 1.1.1 2. 2 e Output =-10 Q=-10 T=1 @G=1 P=1
: gé 250 5. lsézg . 5 10 10. 20 50 B S isolv newtnmn newtnmx
. . . Solve 4 2 7
(dy(3),3-1,ny) S — : :
—
0.66 0.66 0.67 1. 1. 1. 3 1. 1 3 :AUTO~step DPMXE DSMXE DTMPMXE DP2MXe
léol . 103 . 12é202 . 5. 5. 10 10. S0 RURRERR———— AUTO-step 5.0E+4 0.03 5.0 l.e4
: 50, . . s ————T .
é gz ( 12<‘)) ' kié ’ nzz/ s 2. 2. 2 1.1 . (TOLR TOLP TOLS TOLT TOLP2 TOLM TOLA TOLE
1 . 2 . 5. N . N 5 1. 1. : 2 ) e ————— — Tolr 1. 1l.e-4 1l.e-3 1. l.e-3 1l.e-3 1l.e-3 1l.e-12 1l.e-12 l.e-12
Phif( 5. 15. 25. 50. e e Limit dpmk dsmx dtmpmx dp2mx dtmn dtmx icutmx
LIMIT 1l.e5 .08 . . .e-9 .
i1 i2 j1 j2 k1l k2 iist ithrm vb porf permxf permyf permzf pormm permm . € 10 1.e51.e-9 .1
1 15 1 20 1 3 1 1 0. 1.0000 8.49e-09 8.49e-09 2.50e-07 0.135 2.04e  ~ s t t dt !
1 15 1 20 423 1 1 0. 1.0000 3.44e-09 3.44e-09 5.45¢-08 0.089 4.08e arge dpmx  dsmx  dp2mx  dtmpmx
1 15 1 20 24 25 1 1 0. 1.0000 2.77e-09 2.77e-09 1.16e-08 0.115 2.22e —————— m— ——— i :
1 3 1 3 1215 2 2 .0 1.0000 3.44e-09 3.44e-09 5.45e-08 1.0 4.08e T ilops o Drint all at every target time
/ e ————— [— Time[y] 1.e-7 1l.e-7
init Timely] 1.
. _— Tim 2.
: i1 i2 1 j2 k1 k2 P t sg xg2 pm T Time Eﬁ 3.
1 15 1 20 1 25 9.33812E+04 18.0676 9.7155E-01 0.0000E+00 9.3346E+04 ]
R Time[y] 4.
S .
ns fach facm (fach and facm are multipliers to Time[yl 5.
: read-in values of ght and gmt) e ——— Ends
:Equil depth pdepth tdepth tgrad param iequil -
:Equil 16€9. 101325 20. 0. 0. -1 )
N e
DCMPARA e ———— < .
i1 i2 j1 j2 k1 k2 volf areamodf xlm ylm zlm 4 . S ~ - _\~ e
: i3 ¥ § L- 5 n/mAn:L?k Al ; be 2 (BL,, 1 [P (RT) (e ”'Eq P A
1 15 120 1 3 1.05e-4 5.00e-4 0.5 0.5 0.5 : TSw33 T — | i
1 15 1 20 4 23 1.24e-4 1.23e-3 0.5 0.5 0.5 : TsSw34
1 15 1 20 24 25 3.29%e-4 5.00e-4 0.5 0.5 0.5 : TSw35 s 2 . ,
. P AT /L\ L e & /? ks an /S' o RANI m‘( €. /le:t o /‘/L e dare ","’»#%,‘_:),_3
y 1 3 1 3 1 25 1.24e-4 1.00e+0 0.1 0.1 0.1 : drift e — 7/ 7 770 7 4 ¢
Recurrent
Skip
Limit 1.e5 .08 10, 1.e5 1l.e-8 1l.eS
Solve 3 - . . .
Rstart 1 f'l.'(:-} ) q’ Aot O/\[)t(z ,L f} h&.\ Z{‘s" & \/ =g b A A s.J':
St:eady[y] l.e-4 l.e-4 1l.e-4 O N J
Retart 0 QT heatma fackin) Ly o9 ﬂm.ﬁ., AR = e & v
Source 3 25, 1. \}z v
isl is2 jsl1 js2 ksl ks2 istyp
1 3 1 1 15 15 33
] 250.
6.3072e7 250. ; i
9.4608e7 250. : / ‘} 2 ﬂ: /o + ‘WV_
1.2614e8 250. g/q— 2 9 B *‘“‘*‘*XM‘“‘““‘ e
1.2614001e8 0. -/
1.5768e8 0. o W”Am ‘1// C/Q Co e 8 e ( - ﬂr L’&J u&i A, a_o
0
3 : I} v : > e
: 1§1 122 321 %sz k?; kig 1213:yp - Ha.a/S‘-u M«ﬁ;‘ (’PQ’ ()’C—VN =S ﬁ4’-(,1&F
0 400. O ‘) 04 '
6.3072e7 400. k\ “’”
9.4608e7 400. v
1.2614e8 400, e Simulation of laboratory-scale dripping experiment - Bldg 51 CNWRA
1.2614001e8 0. ) ; August 4, 1999
o 1.5768e8 0. e = : dem-sm84.dat
: isl is2 jsl js2 ksl ke2 istyp Y . : smaller model to fit in metra element dimension limitation
1 3 9 11 13 13 33 L \ : This run statred with dripl31 converted to DCM
¢ . . 0 0 . .
0 1500. ff + : this run is to test sat of matrix, fract & drift for heat that ran ok in drip38
6.3072e7 1500. N St : put in invert with same properties as cement
9.4608e7 1500. < 3 : heat loss at boundaries included
1.2614e8 1500. A : boundary elements at le-2
1.2614001e8 0. 9] N h tv of boundary el 840
1.5768e8 0. \\ : heat caPacﬂy of boundary elements at
0 A : infiltration rate of le-5 for two columns
) . .
N & i :ipvtab set to 0
e S 4 : fract por = 0.5 from 0.99
¥ m : fract perm up to lel2 from lel4
——— N : increased alpha of frac from 6.36e-4 to 2.0e-4
A ) } : changed cp of drift from 10 to 840
e 2 : changed density of drift from 2600 to 1600
* 53 : changed drift and fracture to linear capillary function
e - .
| o




- dem-sm70 dec areamodf for mat from 1.0 to le-4
- dem-sm71 inc areamodf from e-4 to e-2, inc dt from .2t0 .4
- dem-sm74 put in heat loss at be and inc heat from 0.9 to 1.0, stalled at 5.7 days

. dem-sm75 reduced size of be by 10x, stalled at 3.6 days, need to make elements bigger by 100x

- dem-sm76 inc be by 100 percent, crashed at 22 days

. dem-sm77 set be vol to default, inc th-diff be by 10x

- dem-sm78 inc time to 210 days

. dem-sm79 ran at 142 W for 167 days then ramped down to 37 W at 210 days
- dem-sm80 reduced areamodf from le-2 to le-4

- dem-sm81 reduced areamodf from le-4 to le-6

. dem-sm82 inc th-diff of be by 10x to reduce be temp, inc dtmx from .4 to .8, crashed at >172d

: dcm-sm83 dec dtmx from .4 t0 .8
- dem-sm84 dec th-dif of by by 5x to inc'be temp

RSTART 0O

. XYZ = 1 table look-up,; pref = ref. press.
RADIAL =0 correlations; tref = ref temp.
OTHER A

I

;gﬂd geometry nx ny nz ivplwr ipvtcal jout  pref tref href
Grid DCMXYZ 9101 1 1 2 0 00 0

data taken from sandia report:Green et al. 1995, NUREG/CR-6348
Pckr ‘relative perm and pc _
: 1 type-curv swirm rpmm(lamda) alpham swext sgc lecm
{ Van-Gen 005 3717 6.36e-7 0 0.0 0 !matrix block

i type-curv swrim unused unused p@0-sat sgc iecm ‘
2 linear 0.00 0.000 000 1.0 00 0 !emplacement drift

: i type-curv swrim unused unused p@0-sat sgc .iccm
3 linear 0.00.0.000 000 10 000 !prmary fracture

i type-curv swirf rpmf(lamda) alphaf swext sgc iecm _
4 Van-Gen 0.08 0.7619 1.3e-1 00 0.0 0 !matrix fractures
0 :blank line

Debug 1

0
Thermal-prop _
:norho  cpr ckdry cksat crp cit tau cdiff cexp enbd )

1 1.600e+03 8400 040 070 0 O .5 2.13e5 138 0.0 !mgmx

2 1.600e+03 840.0 100 100 0 0 .5 2.13e-5 1.8 0.0 !dl:lft »

3 1.600e+03 1.0e+8 0.50 1.00 5 2.13e-5 1.8 0.0 !side boundaries
4 1.600e+03 2.0e+9 0.50 1.00 5 2.13e-5 1.8 0. 0 !bottom boundary
5 1.600e+03 1.0e+8 0.50 1.00

6 1.600e+03 1.0e+9 1.50 2.00
0

5 2.13e-5 1.8 0.0 'top boundary
.5 2.13e-5 1.8 0. 0 'front bc near heater

o0 OO0
oo OO0

igrid rw re
DXYZ 0
: (dx(i).i=1,nx)
0.0002 .0015 .0239 .0508 .0762 .1016 .1016 .2410 .0001
: (dy(j),j=1,ny)
0.0304 .0304 .0304 .0304 .0304 .0304 .0304 .0304 .0607 .0001
: (dz(k),k=1,nz) .
0.1000 .1032 2032 .1016 .0508 .0254 .0508 .1016 .2032 .2539
0.0001
:0.0001 .2031 .2032 .1016 .0508 .0254 .0508 .1016 .1016 .1524
:0.2032

:0.1016 .1016 .2032 .1016 .1016 .0508 .0508 .0508 .1016 .1524
:0.2032
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$50] 189y J0j §°Q 01 189Y 23p gguis

g1-97 W0l L1

10 woxj

(IOt

-wiop

-5z 01y TEW JUI HQUIS-UIIP :

S

|
|

PhiK
1112 j1 j2 k1 k2 ist ithrm vb porf permxf permyf permzf pormm permm istm ithrmm

191101114 1 0.1.001e101e-101.e-10042 2e-171 1! matrix
1 91010 1114 31.0e-20.010.e-000.e-000.e-000.01 0.e-001 3! front

|
|

]

:9 9110 1114 31.0e-20.01 0.e-00 0.e-00 0.e-000.01 0.e-001 3 !side
1 9110 114 41.0e-10.010.-000.-000.e-000.01 0.e-0C1 4!top

i
|

1 9110 11114 41.0e-00.01 0.e-00 0.e-00 0.e-000.01 0.e-001 4 !bottom
:1 91010 1114 31.0e-30.01 0.e-000.e-000.¢-000.01 0.e-001 3! front

o

:9 9110 1114 31.0e-30.010.e-000.-000e-000.01 0e-001 3!side
:1 9110 1 14 41.0e-20.010.e-000.e-00 0.e-000.01 0.e-001 4!top

9 110 11114 41.0e-10.01 0.e-00 0.e-00 0.e-00 0.01 0.e-001 4 ! bottom
1010 1114 3 0.1.001.e-101.e-101.e-10042 2.e-171 3! front

110 1114 3 0.1.001.e-101.e-101.e-10042 2.e-171 3 !side
1010 484 6 0.1.001e-101.c-101.e-10042 2.e-171 6! front at héater

110 114 5 0.1.001.e-10 1.e-101.e-10042 2.e-171 5 !top

10 11114 41.0e-11.00 1.e-10 l.e-10 1.e-100.42 2.e-171 4 ! bottom
10 1114 2 0.1.001.e-121.e-121.e-020.10 l.e-124 2! fracture
10 6 82 2 0.1.001.e-101.e-101.e-100.99 l.e-124 2 !drift

10 682 2 0.1.001.e-101.e-101.e-100.99 1.e-124 2! drift
10 772 2 0.1.001e-101.e-101e-10099 l.e-124 2!drift

1113 2 0.0.101.e-121.e-121.e-120.10 1.e-124 2! fracture
0.099 l.e-12 1.e-12 1.e-120.99 l.e-124 2 !drift

9
9
4
9
9
1
3
3
4
1
3
3 0.99 1.e-12 1.e-12 1.e-120.99 l.e-124 2 !drift
4

3

b b e e b b b et i et
—
(=]

0.
0.0.99 1.e-12 1.e-12 1.e-120.99 le-124 2 !drift
0.

1
1
9
1
1
1
1
1
3
4
1
1
3
4
1 1.00 1.e-10 1.e-10 1.e-100.42 2.e-18 1 1 ! heater
0

nit

il i2 j1 j2 k1 k2 p t sg xg2pm tm sgmXxgm

1 91 10 1 11 1.0315e520.0 0.600. 1.0e520.0.60 0. ! matrix
1 11 10 1 11 1.0315e520.0 0.990. 1.0e520.0.990.! fracture
1 31 10 6 8 1.0315¢520.0 0.990. 1.0e520.0.99 0. ! drift
331 10 6 8 1.0315e520.0 0.990. 1.0e520.0.99 0. ! drift
4 41 10 7 7 1.0315e520.0 0.990. 1.0e520.0.99 0. ! drift

0

DCMPARA

:11i2j1 j2kl1 k2 volf areamodf xlm ylm zim
19110111 0002 le-6 .05 0.03 .05 !matrix

skip

11110111 010 0.01 .0001.0304 .0254 ! fracture
1111068 0.99%-11.0 .0001.0304.0254 ! drift
2211068 09%-11.0 .0005.0304.0254 ! drift
2211068 09%-11.0 .0010.0304.0254 ! drift
3311068 09%-11.0 .0050.0304.0254 ! drift
3311068 09%-11.0 .0189.0304 .0254 ! drift
4411068 099%-11.0 .0254.0304.0254 ! drift
4411077 099%-110 .0254.0304.0254 ! drift

noskip

121411 0021e+S .05 0.03 .05 ! water injection
0

:Equil depth pdepth tdepth tgrad param iequil
:Equil 1.00 103150 20. 0. 0. -1

Recurrent

:Skip

: ns fach  facm (fach and facm are multipliers to
read-in values of ght and qmt)

715@ 55
il
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56 <4

8/ M?Q’ Source 2 100 1. Ay T
e : islis2 js1 js2 ksl ks2 istyp 1
1313 66 33 ‘
00 0.0 0.25 | 025 % 0.25 0.25 o | 3
Le+d 3.51e+1 iy > ! Y 3 N
Le+103.51e+1 @) . X J s % > 1 VR
0 B B @ ¥ Iy 7? +
: is1is2 js1 js2 ksl ks2 istyp 2 A , & 0,7}\ Bs j . 8s J . SR B
1214 11 13 51 & oy l £ = j: £ F A
0.0 200 00 £ T E 0 £t 81 ) ‘“g
2.60e520.0 0.0 °75J 07 NN 075 G{ ' O [
3.60e5 200 2.894¢-6 L ' ' ~ T &
14867200 2.894e6  Aay 172 ! T v i =T s
1.815¢7 20.0 7.534e-7 ay IO - )
1.e+1020.0 7.534e-7 N
0 T T T 1-/ ~
Output C=-10Q=-10 T=1 G=1 P=l N SRR W - SAVEEN S PR —— ol IO eSS T - A I S
T ————— 0.2 0.4 0.6 0.2 0.4 0.6 0.2 - 0.4 0.6 0.2 0.4 [X:H
. Width (m) Width (m) Width (m) Width (m) § 4.
1 isolv newtnmn newtnmx north nitmax level I (o o o ok (T2 R -
Solve4 2 12 4 100 - chM -59‘,\79 *rfmb'('ud'—e_ 5‘:»’(’&»«"’(0.«— C e 9
:AUTO-step DPMXE DSMXE DTMPMXE DP2MXe TACCEL IAUTODT FAC1 B
AUTO-step 5.0E+4 0.03 50 led 10e3 0 0O I “ng
TOLR TOLP TOLS TOLT TOLP2 TOLM TOLA TOLE rtwotol rmxtol smxtol - S 9% [ “%
Tolr 1.5e-4 5e-3 1. le-31le-31e3 le12 le-12 le-12 B [ /Q'Q{\QJ A o9 o
; s+ 0:28 N 0.251~ 0.25 0.25/ ———
:Limit dpmx  dsmx dtmpmx dp2mx dtmn dtmx icutmx o¥ F L
LIMIT 1.e5 .08 10. l.e51e-9.4 e § i —
: ’ ‘ ) o i _ T /— _ i)
target dt dpmx dsmx dp2mx dtmpmx ngagb §‘5 B BsE T~ __ 07 Bs : ———
oo = ] £ £
: print all at every target time .m..mg:mwémw fg_’ ﬁ 2 2 o 2 SO, © A,
PLOTS 104 PPN T [o/da & T [ T s x 3
12451541 PR A 075 / o, . 0.7 075 0.75H/ & : | g
 Time[d] 1e-10 1e-10 Ny L/ S ~ ,
Timel[d] 5. a1} e , i i A v m§
Time[d] 10. | X
Time{d} 50. k>~ L L .L - 1_\% .
Time[d] 172. —————— = ‘0.2‘ - .0.4| = ‘0.6 — ‘0‘2‘ = l0.4 0.6 0.2 0.4 0.6 0.2 0.4 0.6 FomRes
Time({d] 210. ) Width (m) Width (m) Width (m) Width (m)
Ends A to 50 Ito 172 UUN—
: Acom —sa19 IM—"L{"“Y sat” S

—

s ———— o

6 Lj’AM)'- ¢ ()A et B L o nAAAQJ; ( ! ‘0.% Cﬂ (‘5\“'5«\7?\ 4 - ] ’ ) ] m“mﬂ}iw .

A e AT T e A T | - e |

1

g T [ 0.25 0.25 0.25 _N\
be Tomodme | ol st doe aved wodE Ut par el - \ e >
\ .
3 k2
¥

. | — . o i
[© - od I f) e - i L‘Q_ Selrsn JAL/Q—.:: : (A4 Oﬂ")\ . &lo *...mwffgmfj‘m Bs Bs §5\ g
P,Qmum, j:-_:ﬂ:;. e DQ_Q—- (7 (& Q"‘""‘D“"’VQV ﬂ/\’“’“ o -é&w%\ - ; . e .

©
by
o
o
o
o
~
o
o
3

a2 Wzl Lo, l0ite £t 27 ) o RN 5

A 200 710 W k&= 7. B94 e — "'”/,«3 /s S

MRS SN U SUE U0 T WU SIS ||A||||||lllll PUNTR MRS TN UOR DUV RNV U S N B L

s 0.2 0.4 06 0.4 0.6 0.2 0.4 0.6 0.2 0.4 0.6 ™
Width (m) *Width (m) Width (m) Width (m)

o) 7538 e-7 o (U S 20D I | | . T
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A ————————
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dripping. included are base case and modified values.

Table 1. EBSFAIL module parameter values modified to incorporate the effects of

Parameter

V\mz/dcm
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Q\(va-nmm
77
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Base Case Value | Modified Value
3 CriticalRelativeHumidityHumidAirCorrosion | 0.55 0.10

7 CriticalRelativeHumidityAqueousCorrosion [0.75, 0.85] [0.15, 0.25]

ThicknessOfWaterFilm[m [0.001,0.003] {0.00001, 0.00003]

ChlorideMultFactor [1.0, 30.0) {29.0, 30.0]
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le 2. EBSFAIL module parameter values modified to incorporate the effects of WPs
container material weaknesses at

torial weakness. Included ares base

closure welds or due to other possible container

case and modified values.

rameter

! Base Case Value | Modified Value '

nnerOverpackErplntercept {1040.0, 1240.0] | [48.5, 148, 5]
‘nnerOverpackErpSlope 0.0 -160.8
britChloideConcForSecondLayer[moL/L] 1.0 3.0e-2
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Table 3. Listing of sub-module REFLUX3 input parameters and assigned base case
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Nro £1, Pone I o T b o e Tot 2

Mass in-situDry Mass  Mass insitu-Drymass Volume  Saturation x-coor  y-coor X-coor cm y-coor cm x-coord m y-coord m 0.60m-X 389.3 537 240 0.53 3 43 762  109.22
- 333.4 80 220 0.87 13 43 33.02 109.22
- rams grams  grams mL 682.3 12341 420 0.70 21 43 53.34  109.22
2544 2328 218 140 0.37 3 a8 L 762 10922 00762  1.0022 037 05238 399.1 70.8 240 0.70 23 43 5842  109.22
3074 2563 51.1 180 0.76 13 48 33.02 10922 0.3302 1.0922 076 02698 4274 57 260 052 3 39 762  99.08
3768 8228 53.8 190 0.67 21 P 5334 10922 05334  1.0922 087  0.0666 461.7 1063 280 0.90 13 39 33.02  99.08
o 451 3862 4.8 220 0.70 23 " 58.42  109.22  0.5842  1.0922 070 00158 4982 1284 320 0.95 21 39 5334  99.08
5084  458.4 50 260 0.46 3 3 762 99.06 00762 09906 046 05238 4934 1246 300 0.99 23 39 58.42  99.08
- 207 2512 45.8 150 0.73 13 @ r 3302 9906 03302 0.9906 0.73 02698 341 50.5 200 0.60 3 35 7.62 88.9
3688 8006 68.2 180 0.90 21 3 5334 9906 05334  0.9906 0.90  0.0666 316.8 54 180 0.71 13 35 33.02 86.9
4527 3697 83 220 0.90 23 @ - 58.42  99.06 0.5842  0.9906 090 00158 6098 157.9 380 0.99 21 35 53.34 88.9
- 313.1 278 35.1 160 0.52 3 35 7.62 889 00762  0.889 052 05238 4173 109.3 260 1.00 23 35 58.42 88.9
312.3 269 43.3 150 0.69 13 8 - 33.02 88.9  0.3302 0.889 0.69  0.2698 360.2 43.1 220 0.47 3 31 7.62 78.74
- 2065 2434 53.1 140 0.90 21 35 53.34 889 05334  0.889 090  0.0666 549.8 95 340 0.67 13 31 33.02  78.74
3695 3045 65 180 0.86 23 s 58.42 889 05842  0.889 0.86 0.0158 423.8 87.7 160 1.31 21 31 5334 7874
- 2032 260.7 32,5 150 0.52 3 31 7.62 78.74 00762  0.7874 052 05238 380.7 84.5 240 0.84 23 31 58.42 78.74
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- 3615 306 555 180 0.73 21 a1 5334 7874 05334  0.7874 073 0.0666 345.3 58 240 0.58 13 27 3302 6858
3125 2628 497 160 0.74 23 31 5842 7874 05842  0.7874 0.74 00158 2352 329 140 0.58 21 27 5334  68.58
. 2898 = 2447 451 140 0.77 3 27 - 762 €858 00762 06858 077 05238 246.8 4 140 0.07 23 27 5842 - 68.58
2567 2135 432 120 0.86 13 27 3302 6858 03302 0.6858 0.86 02698 304.5 48.1 180 0.64 3 21 762 5334
2802 2568 23.4 150 0.37 21 27 . 5334 6858 0.5334  0.6858 0.37  0.0666 2792 15.9 160 0.24 13 21 3302  53.34
- 154.1 148.1 ] 80 0.18 23 27 58.42 68.58 0.5842  0.6858 0.18  0.0158 as7 8.2 240 0.03 21 21 §3.34 53,34
‘3088 2N5 318 160 0.47 3 21 762 5334 00762 05334 047 05238 343.9 6.9 210 0.08 23 21 5842  53.34
. 2612 2388 224 140 0.38 13 21 3302 5334 03302 05334 038  0.2698 409.6 547 260 0.50 3 17 7.62 4318
288.8 253 35.6 150 0.57 21 21 5334 5334 05334  0.5334 057  0.0666 3543 112 220 0.12 13 17 3302 4318
- 2204  200.1 20.3 110 0.44 23 21 58.42 5334 05842  0.5334 044 00158 267.7 71 180 0.09 21 17 5334 4318
2863 2336 227 140 0.39 3 17 7.62 43.18 00762  0.4318 0.39  0.5238 4435 8.7 280 0.07 28 17 58.42  43.18
. 166.4 153.1 13.3 80 0.35 13 7 - 33.02 4318 03302 0.4318 0.35 0.2698 4082 45 260 0.41 3 13 7.62 83.02
1849 177.3 7.6 100 0.18 21 17 53.34 4318 05334 04318 0.18  0.0666 217 114 140 0.19 13 13 33.02. 8302
1438 1354 8.4 120 0.17 23 17 . 5842 4318 05842 0.4318 017 00158 349.8 108 220 0.12 21 13 5334  33.02
N 2102 1969 13.3 120 0.28 3 13 762 3302 - 00762  0.3302 026 05238 204.1 5.8 120 0.12 23 13 5842  83.02
2466  232.8 13.8 130 0.25 13 13 3302 8302 03302  0.3302 025 02698 350 31.8 210 0.36 3 9 762 2286
~ 264.4 255.6 8.8 140 0.15 21 13 53.34 33.02 05334 0.3302 0.15  0.0666 280.2 19.8 180 0.26 13 9 33.02 22.86
725 70.6 1.9 40 0.11 23 13 5842 3302 05842 03302 011 00158 191.9 10.5 120 0.21 21 9 5334 - 22886
97.1 g2 5.1 50 0.24 3 9 7.62 2286 00762  0.2286 0.24 05238 323.1 20.1 200 0.24 23 9 58.42 22.86
1388 1319 6.7 80 0.20 13 9 33.02 2286 03302  0.2286 020  0.2698 329.8 30.3 200 0.36 3 5 7.62 127
181 167.2 13.8 100 0.33 21 9 53.34 2286 05334 02286 0.33  0.0666 328.1 30 200 0.36 13 5 33.02 12.7
102.5 99 3.5 80 0.14 23 ] 58.42 2286 0.5842 0.2286 014  0.0158 217 1.9 130 0.22 21 5 53.34 12.7
1272 1194 7.8 70 0.27 3 5 7.62 127 00762 0127 027 05238 3818 288 230 0.30 23 5 . 58.42 127
y 842 77 7.2 40 0.43 13 5 33.02 127 03302 0427 043  0.2698 ‘ :
3746 331 436 190 0.55 21 5 53.34 127 05384 0127 055  0.0866 e ;
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