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Calculations conducted in this notebook provides the CNWRA
assessment of the BNFL, Inc. proposed safety features for
hydrogen control in the HLW storage vessels. The HLW storage
vessels represent a potential explosive hazard because hydrogen is
evolved by radiolysis in the aqueous radioactive wastes. The
mixture of hydrogen and air can explode violently if an ignition
source is present. NFPA 69 limits the accumulation of hydrogen in

air to less than 1/4 concentration of the lower flammability limit
(LFL) of 4 % hydrogen by volume.

BNFL Inc. plasn to transfer the contents of the tnals AZ-101 and
AZ-102 into at least four different vessels, each containing
approximately 1/4 concentration of the insoluble radionuclides.
These solids will be stored for 1-2 years before HLW vitrification
facility will be ready to accept solids for vitrification.

To evaluate whether the BNFL, Inc. conclusions are conservative,
the CNWRA

. Reviewed the BNFL. Inc. calculations and proposed design
safety features

. Reviewed the source document that provides radionuclide
inventory and uncertainty estimates for Tanks AZ-101 and
AZ-102

. Independently verified the BNFL, Inc. hydrogen generation
calculationsand assumptions in estimating hydrogen

generation rates.

. Evaluated the conservativeness associated with G-factors.
Evaluated the influence of organics on the hydrogen
generation rate.
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! Table 1: Tank AZ-101 Inventory T T T T T —
! .|Tank Name Analyte Value in Standard Units | Standard Basis Uncertainty Analyte  |Mean Median  |Std Dev 90%| T
. Best Basis Inventory  [Units - Percentile
T 241-AZ-101 Zr 8240{kg S Zr 260.0828| 119.6759| 314.7417| 742.1607] ~—p——
241-AZ-101 3H 4|Ci S Tritium 4.141263 4| 1.760578| 6.670725
e 1 241-AZ-101 14C 0.43{Ci S C14 0.445781 0.43]| 0.275509| 0.813385 —
241-AZ-101 59Ni 19.9|Ci E Ni59 31.38713 19.9| 39.21166| 78.2434
[ T 241-AZ-101 60Co 4610|Ci E Co60 34176.13] 4622.579( 143875.2| 41281.38
241-AZ-101 63Ni 2300|Ci E Ni63 3627.658 2300} 4532.001{ 9043.207
L 241-AZ-101 79Se 41.3]Ci E Se79 43.26018 41.3| 17.41875| 61.19695
241-AZ-101 90Sr 6360000|Ci E Sre0 2744026 623761.4] 10016653] 6095192 ' T
T —— 241-AZ-101 20y 6360000|Ci E Y80 28025432| 6360000| 1.02E+08| 62268555
241-AZ-101 93Zr 199|Ci E 2r93 471.2147 199| 585.1954| 1369.577] ! T
S 241-AZ-101 93mNb 87.4|Ci E Nb93 206.9556 87.4]| 257.0155] 601.5128
241-AZ-101 99Tc 1100|Ci E Tc99 2097.945 1100] 2491.907| 5712.971] T T 1§
o [24t1-AZ101 106RU 48500/Ci SIE Ru106 143785.7] 106000] 189575.6] 304826.3
! 241-AZ-101 113mCd 2120|Ci E Cd113 6165.416 2120| 8071.718| 18226.27f T Vv ]
241-AZ-101 1258b 131000{Ci E S$b125 252883.3] 131000| 304352.1| 697804.2
T [241-AZ-101 126Sn 85.7[Ci E Tin126 191.0697 65.7] 250.1471| 564.8424] 11—
241-AZ-101 1291 7.1|Ci S 1129 24.0404 7.1] 30.48481| 69.91606
I 241-AZ-101 134Cs 43400|Ci E Cs134 46641.99 43400] 18316.26| 64738.91| (———1—1
241-AZ-101 137Cs 7430000{Ci E Cs137 6091304 5894232| 1113397 7191367
B B 241-AZ-101 137mBa 7030000|Ci E Ba137 7447673] 6930000| 2924694| 10337342 T T
241-AZ-101 151Sm 142000|Ci E Sm151 218724.3] 142000| 248389.4| 580410.6
S Rt 241-AZ-101 152Eu 273|Ci E Eu152 420.5051 273| 477.5373| 1115.86
241-AZ-101 154Eu 57600|Ci E Eu154 88721.95 57600] 100755.1{ 235434.2
-4 241-AZ-101 155Eu 71500|Ci E Eu155 110132.3 71500{ 125069.3| 292249
241-AZ-101 226Ra 0.00018]Ci E Ra226 0.000302] 0.00018| 0.000346] 0.000806| ' '
ey |243-AZ-101 227Ac 0.001]Ci E Ac227 0.00154 0.001] 0.001749| 0.004087
241-AZ-101 228Ra 1.10E-08|Ci E Ra228 2 18E-08] 1.30E-08] 2.50E-08| 5.82E-08] ! T
e 241-AZ-101 229Th 1.20E-06|Ci E Th229 2.60E-06] 1.20E-06] 3.67E-06] 7.40E-06
241-AZ-101 231Pa 0.0031]Ci E Pa231 0.006726 0.0031] 0.009477] 0.019121] T I
o 241-AZ-101 232Th 1.60E-08|Ci E Th232 3.47E-08| 1.60E-08] 4.89E-08| 9.87E-08
! 241-AZ-101 232V 0.0446 | Ci SiM U232 0.000998] 0.00046]| 0.001406] 0002837 — 1 — 1
241-AZ-101 233U 0.17|Ci SM U233 0.000586] 0.00027] 0.000825| 0.001665
! 241-AZ-101 234U 1.18|Ci SIM U234 2.603802 1.2| 3.668664| 7.401539| r~—T—
241-AZ-101 235U 0.0451|Ci SiM U235 0.095473 0.044| 0.134518] 0.27139
T 241-AZ-101 236U 0.0959(Ci SIM U236 0.214814 0.099| 0.302665| 0.610627| ——1—
241-AZ-101 237Np 19.6|Ci E Np237 148.1072 19.6] 745.1699] 243.0472
[ 241-AZ-101 238Pu 165|Ci S Pu238 1246.821 165| 6273.114| 2046.061 e |
241-AZ-101 238U 0.818|Ci SIM U238 1.779264 0.82| 2.506921| 5.057718
e 241-AZ-101 239Pu 958|Ci S Pu239 7239.117 958| 36422.08| 11879.55 —_
241-AZ-101 240Pu 272|Ci S Pu240 2055.365 272( 10341.13 33729
e 241-AZ-101 241Am 22600]{Ci E Am241 22516.7] 216.8755| 160270.9] 19906.51
241-AZ-101 241Pu 9990|Ci S Pu241 75489.33 9990] 379808.6| 123879.7 !
e 241-AZ-101 242Cm 25.41Ci E Cm242 191.9348 25.4] 965.6794] 314.9693
241-AZ-101 242Pu 0.074|Ci E Pu242 0.55918 0.074] 2.813397] 0.917627 T
R — 241-AZ-101 243Am 9.98{Ci E Am243 75.41377 0.98| 379.4284] 123.7557
241-AZ-101 243Cm 4.36|Ci E Cm243 32.94629 4.36] 165.7623| 54.0656| ™ T |
241-AZ-101 244Cm 109|Ci E Cm244 770.7619 102] 3877.925] 1264.837
i T
* See TWINS User's Guide - Uncertainty Description - for more information
h ** or go to http:/Awins.pnl.gov:8001/htdocs/TWINS2user_refs/rev20_2.html b . a—
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t—-  Table 1: Tank AZ-101 inventory T
—T Tank Name Analyte Value in Standard Units |Standard Basis Uncertainty Analyte  [Mean Median [Std Dev 90%
CYTW AT Best Basis Inventory Units Percentile
-AZ- Al
SA1AZ 101 B 49003 ":9 E Al 33416]  32601]  14360| 51319.86 T
S41-AZ101 Ca 5 kg E Bi 284.3741| 155.3468] 332.6323| 769.9189
T 241-AZ-101 C o kg 2 gia 4757.304] 1809.447| 8159.567] 12971.35 T i
2398.894| 710.8837| 3037.631] 6970.131
241-AZ-101 TIC as :
—  [2a1.AZ101 108003 10700 s co3 107218.2] 106562.9] 21804.2] 135406.2] — T~
A1-AZ101 F o k9 S Cr 3884.288| 1781.236| 4823.524] 11005.92
— >4 1AZ101 s 346G k9 $ F 5003.52] 5005.367] 2434.336] 8169.325| —— 11—
241-AZA01 Fig OKS 2 ze 6429.903] 4818.146] 8111.762| 13322.2
— 241-AZ-101 K 15700 /ko : Kg 0.756136 0.26] 0.989928| 2.235297| ———p——————1
2 AZT0T i ool 29404] 19895.17| 32539.23] 77443.69
. SATAZIOT i 376 kg S La 41.475| 37.04388| 35.26112] 90.57875| ———7——]
2T AZT01 Na 15 g S Mn 427.6119] 232.3706| 495.7787| 1146.265
| SATAZ101 - 0/kg ) Na 325336.3] 324659.5] 73460.58| 419841.3
Ni 1360]kg S Ni T
241-A-101 NOZ 5585001k 1195.869] 790.3245] 1395.599] 2863.609
| 241-AZ-101 NO3 41500 kg ) NO2 173478.6] 173523.4] 75429.74| 269671.6
————
41 AZ-101 b 5 k9 S NO3 190400.1| 188966.8] 110694| 335619.4
| SA1-AZ101 507 T3 kQ E Pb 698.2089| 244.0755| 908.9887| 2056.28
241-AZ107 S 556 kg S PO4 3935.242] 3845.427] 2505.135] 7325.955| | ! !
2ATAZI07 S04 =550 9 s Si 2499.675| 1676.271| 4923.563| 4646.192
ol 241-AZ-101 s e '.:9 $ S04 58429.43] 57810.75| 5497.763| 64090.69) T T T
ST AT 9 S Sr 68.29149] 43.22128| 75.18479] 177.4607
- 101 TOC 6060|kg S TOC
SATAZ101 UTOTAL aeole 4762.871| 4532.843] 3456.14] 9458.49] 7T T
g [3 U 11652.6] 5544.705] 15990.99] 32565.53
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Table 2: Tank AZ-102 Inventory B
N 7 T 1 T H ¥ T T T T T T T ¥ H T T 1 T T T T T T T I‘ ¥ i
~ |Tank Name |Analyte |Value in SiStandard [Basis UncertaintyMean Median  |Std Dev 90%| ___ - (
' i Best Basis{Units Percentile
241-AZ-102_|Zr 6720/kg SIE Zr 250.9117| 133.6886| 300.3872| 701.2838] r——r—— — . ' TV
241-AZ-102_|3H 1870]Ci E Tritium | 15221.53] _ 14700| 5256.734] 22253.19 Table 2: Tank AZ-102 Inventory o
" [241-AZ-102_[14C 0.83[Ci S Cl4 0.848517 0.83] 0.531758] 1.550391] " ‘ — . - : Median _[Std Dev 90%]
dard (Basis UncertaintyMean e .
241-AZ-102_|59Ni 10.8/Ci E Ni59 17.02089 10.8] 20.02994| 44.28913| . - Tenk Name _Analyte ;:Luteslgsiss 3:;; = Percentile | (-
241-AZ-102_|60Co 3420|Ci E Co60 17823.91| 2421.853] 74610.96] 20884.65 351k SE a 5476.637| 047.004] 2931.566| 6870.665]
oo [241-AZ-102° 63N 1250/Ci E Ni63 1970.011 1250| 2318.281] 5126.067| r—T - 241-AZ-102_|Cl g S — 5557 05T 06| 2ies087| 134897 5| ¢ |
241-AZ-102_|79Se 22.8[Ci E Se79 24.28153 22.8| 9.586254] 35.32563 - 241-AZ-102_|TIC as COp 122828 tg ST < S Gal T752.612| 4593.678] 1056751 '
8T 1241-AZ-102 |90ST 3700000|Ci E Sro0 3215360| 962342.7| 10275878| 7339686 ' 241-AZ-102_ |Cr 3690 kg SIE F 2460987 4456.122| 2369.118] 7534.431 ‘
. [241-AZ-702[e0Y 3700000(Ci E Y90 12404702 3700000] 39701625| 28339346] —— - 241-AZ-102_[F > kg F — eoTo05I 5576 676| BabA007| 125782 < i
L 241-AZ-102 |93Zr 111|Ci E Zr93 231.8274 111| 287.9681| 665.0441 l 241-AZ-102_ |Fe 484 0kg = g 0.034023|  0.012| 0.044355| 0.099494
oo [241-AZ-102 [93mND 43.3[Ci E Nbo3 90.43357 43.3| 112.3335] 259.4271] — - 241-AZ-102_|Hg kg SE K 28208.49| 18796.32| 31244.61| 74396.51 i
_ [241°AZ-102 99T 599|Ci SIE Tc99 1116.98 599| 1280.732| 2995467 | - 241-AZ-102_[K 11;9/8 kg = " 20199371 35.30423| 34.03698] 88.47333| - ., -
i‘ 241-AZ-102_|106Ru 76200|Ci E RUT06 | 92480.14] _ 76200| 112577.6] 159988.9 241-AZ-102_ |La 1550 kg SE i 430.0708| 239.662| 478.5264] 1131.265; |
241-AZ-102_[113mCd 1220[Ci E Cd113 | 3450.043 1220] 4509.427| 10115.18] ——— e 241-AZ-102__|Mn kg o - 553505.1] 530620.2] 70680.04] 3237543 |
241-AZ-102_|1255b 92700|Ci E Sb125 174107.7] 92700 209438.7| 4844705 ‘ 241-AZ-102_Na 199000 kg SIE Ni 1032.368| 667.2596] 1125.451| 2563.897 .
241-AZ-102_|1268n 35.4|Ci E Tin126 | 100.3689 35.4| 130.8473] 293.5062| T 241-AZ'1°§ zloz 103338 kg SE NO2 130273.1| 128618.8| 70269.84| 223275.3
... [241-AZ-102 129 1.52|Ci E 1129 3.997283 1.52| 4.748032| 11.11395| o , o 241-AZ-10 NOZ e S NG5 559 27550.1| 08995.20] 2712248 -1 1
241-AZ-102_|134Cs 41200]Ci E Cs134 42818.7| _ 41200| 17184.51| 62144.46 241-AZ-102 oolk SE = 671.0868| 240.7915| 860.1455| 1954.085]
oo [21-AZ102 [137Cs 4320000Ci E Cs137 4007147| 3941208] 700974 4795329] T [ 241-AZ-102_|Pb 400 kg gl e S£55 557 5555 374| 2176.166] 5687.768 B
241-AZ-102 |137mBa | 4090000|Ci E Ba137 4136370] 3980000 1660057 6003276 241-AZ-102_[PO4 9 = S 3763 335| 2207 505| 5024.641] 5309.079| -, - |
LT [2at-AZ-102_[1518m 80200]Ci E Smi51_ | 1254812 _ 80200| 141797| 335682.9] = @ | ’ 0 [241-AZ102_|Si EZE(E S . A 5501 76| 5336.471] 6686463 3'9
.~ [241-AZ-102_[152Eu 142[Ci E Euib2 | 222.1737 142| 251.0621| 594.3513] —— ; ‘ 241-AZ-102_|SO4 621(2)? kg S = S5 T2280| 43.0044| 72.14900] 169.936| 1
241-AZ-102 |154Eu 23100|Ci E Eu154 36142.34]  23100] 40841.79] 96686.72 ' 241-AZ-102_|Sr 550 kg SE T0C 11145.6| 8919246 12633.3| 19608.76 |
o [241-AZ-102° [155Eu 26600|Ci M Eu155 104672]  66900] 118282.1] 280014.8] ~ T} —T 241-AZ-102_|TOC 6 kg ST ’ o412l §312.062] 16955.8]
241-AZ-102_|206Ra__| B.50E-05[Ci E Ra226__| 0.000137] 8.50E-05] 0.000156| 0.000361] — ] . [241-Az102 |UTOTAL 9580}ko ey
241-AZ-102_|227Ac 0.00048|Ci E AC227 0.000751| 0.00048] 0.000849] 0.002009 o
241-AZ-102 |228Ra 6.00E-09|Ci E Ra228 1.12E-08| 7.00E-09]| 1.28E-08| 2.98E-08] ~——1 ] I T R M — T T T T T T T  — A S i
; 241-AZ-102_|2297Th 6.80E-07|Ci E Th229 1.21E-06] 6.80E-07| 1.54E-06| 3.06E-06 : T e
L [241-AZA02_|231Pa 0.0018|Ci E Pa231 0.003203| _ 0.0018] 0.004072] 0.008098 ‘
L, ., . [|241-AZ-102_[232Th 9.39E-09[Ci E Th232 1.67E-08] 9.39E-09| 2.12E-08| 4.22E-08] ——pm-nrd ‘ S
. [241-AZ102 [2320 0.0185|Ci SIM U232 0.001299] 0.00073| 0.001651] 0.003284 '
oo [241-AZ-102 [2330 0.0671[Ci SIM U233 0.000641] 0.00036| 0.000814] 0.00162| ~~ b
241-AZ-102 2340 4.64[Ci SIM U234 3.98544 2.24] 5067215] 10.07724] | ! :
241-AZ-102 235U 0.177|Ci SIM U235 0.157105|  0.0883| 0.199748| 0.397241
.~ [241-AZ-102" [2360 0.382[Ci SIM U236 0.327375| _ 0.184| 0.416236| 0.827774] -1 oo
241-AZ-102 |237Np 11.7]Ci E Np237 | 53.06469 11.7] 206.9469]  99.81 N
e [241-AZ-102 |238Pu 181[Ci SIE Pu338 | 820.9153 181 3201.486] 1544.069] —
b .. |241-AZ102_|238U 3.19[Ci SIM U238 2.722198 1.53| 3.461089] 6.883117| o] e
1 [|281-AZ102_|239Pu 1250[Ci SIE Pu239 | 5669.305 1250] 22109.71] 10663.46
o [241-AZ-102_|240Pu 372|[Ci SIE Pu240 1687.185 372| 6579.85| 3173.446] — T v '
: 241-AZ-102 |241Am 14800|Ci E Am241 | 12881.72] 810.7104] 78945.28] 132511 ‘ } : e e
YT [241-AZ-102 [241Pu 17100|Ci SIE Pu241 77556,09]  17100] 302460.8] 145876.2 ' ' ' L,
... [241-AZ-102_|242Cm 11.2[Ci E Cm242__| 50.79667] _ 11.2] 166.103| 9564462 ——r—ry | S &%——M , M“ ""“"4 Bl o |
241-AZ-102 |242Pu 0.034[Ci E Pu242 | 0.154205]  0.034] 0.601384] 0.290046 ,/74“9 K [AN—& /}g( Tarbs ,
e [241-AZ-102 |243Am 4.42[Ci E Am243 | 20.04666 442 78.17994] 37.706] ~ T — Mﬂ?—# A
__ [241-AZ02 [243Cm 1.77|Ci E Cm243 | 8.027736 1.77| 31.30735] 15.09946| __.___| _ T ./5 e e
.7 [241-AZ-102_|244Cm 42.1[Ci E Cm244 | 178.2429 30.3] 695.1293] 335.2592 ,‘ a/-,(. 2% Jofeol
i o “ ’“M M [ /ol
e [241-AZ101_[243Am 9.98[Ci E Am243 | 75.41377 9.98| 379.4284] 123.7567| —T1—] - —— T,ofj . /.’“’, T :".‘4—%2“. "’.' LA I B St E e S
: 241-AZ-101_|243Cm 4.36[Ci E Cm243 | 32.94629 4.36] 165.7623] 54.0656| - > v . e |
o [241-AZA01 |244Cm 109[Ci E Cm244 | 770.7619 102| 3877.925] 1264.837 ‘ :
‘,‘ P A ; ; %/hpm _Aer' f 3 7x /0 | — T T 7 T T (S ‘3
- * See TWINS User's Guide - Uncertainty Description - for more information (/ \ o
e ¥ or go to hitp:/itwins.pnl.gov:8001/htdocs/TWINS2user_refs/rev20_2.html - 2 - T -
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Table 2-2. Calculated heat generation rate from Tanks AZ-101 and AZ-102 using Best-Basis inventory -
AZ-101 AZ-102 Total Total Heat BNFL, Inc. —
Inventory | Inventory | Inventory | Inventory Heat Generation | Generation Estimated Heat
Radionuclide (Ci) (Ci) (Ci) (Bq) Rate (W/Bq) (W) Generation (W) e
“Co 4.61E+3 3.42E+3 8.03E-3 2.97E+14 4.16E-13 (By) 1.24E+2 1.24E+2 _
%S¢ 6.36E+06 3.70E+6 1.01E+7 3. 72E+17 3.14E-14 (By) 1.17E+4 6.73E+4
(*Sr and *Y) ™
oy 6.36E+06 3.70E+6 1.01E+7 3.72E+17 1.49E-13 (By) 5.55E+4 ]
152Ey 2.73E+2 1.42E+02 4.15E+2 1.54E+13 1.22E-13 (By) 1.87E+0 1.53E+1 ]
396y 5.76E+4 231E+4 8.07E+4 2.99E+15 2.43E-13 (By) 7.26E2 1.45E+3 ]
g T.15E+4 2.66E+4 9.81E+4 3.63E+15 1.95E-14 (Py) 7.08E+1 7.10E+1
my 1.70E-1 6.71E-2 2.37E-1 8.77E+9 7.68E-13 (o) 6.74E-3 6.73E-3 T
i)n iy 4.51E-2 1.77E-1 2.22E-1 8.22E+9 7.32E-13 (o) 6.02E-3 3.01E-2 o
BINp 1.96E+1 1.17E+1 3.13E+1 1.16E+12 7.78E-13 (a) 9.01E-1 2.70E+0 T
sapy | 165E+2 | 181E+2 | 346B«2 | 128B+13 8.81E-13 (a) 113E+1 113E+1 ]
B9py 9.58E+2 1.25E+3 221E+3 8.17E+13 8.24E-13 (o) 1.23E+3 1.35E+2 )
2ipy 9.99E+3 1.71E+4 2.71E+4 1.00E+15 8.38E-16 (o) 8.40E-1 8.4E-1 T
MAm 2.26E+4 1.48E+4 3.74E+4 1.38E+15 8.86E-13 (By) 1.23E43 1.23E+3 ]
23Cm 1.09E+2 4.21E+1 1.51E+2 5.59E+12 9.30E-13 (a) 5.20E+0 275E+1 ]
Total (By) 6.81E+4 6.89E+4 —
Total (a) 1.31E+3 1.40E+3 [N |
p—]
T
¥
SS—
T
T
T
T
T
T
T

Tolal Heal geporliv =

674,757 hT
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T T ! v Mean |
N e m— [~ 7 J J i
T T |
—— Total waste 4.04E+06 3.88E+06 7.92E+06 3.70E+10
[ m—— T 1T Iventory In Tank Decay Heat Heat Generation
——— . . Radionuclides  AZ-101  AZ-102 Total beta-gam alpha beta-gam alpha beta-gam alpha — T T
! S RS E— Ci Bq Bq Wibq
. T H-3 4.14E+00 1.52E+04 1.52E+04 5.63E+14 — T
1 i . c-14 4.46E-01 8.49E-01 1.29E+00 4.79E+10
h e e j 1 | T Ni-59 3.14E+01 1.70E+01 4.84E+01 1.79E+12 —_—
—T— where ; Co-60 3.42E+04 1.78E+04 5.20E+04 1.92E+15 1.92E+15 4.16E-13 8.00E+02
o —1 : T T T Ni-63 3.63E+03 1.97E+03 5.60E+03 2.07E+14
—T— G(H,)s, = molecules of H, per 100 eV By radiation absorbed Se-79 4.33E+01 2.43E+01 6.75E+01 2.50E+12 SN A R B
= 0.45 molecules/100 eV S— Sr-90 2.74E+06 3.22E+06 5.96E+06 2.20E+17 2.20E+17 3.14E-14 6.92E+03
] = les/ioul T J Y90 2.80E+07 1.24E+07 4.04E+07 1.50E+18 1.50E+18 1.49E-13 2.23E+05 ——— T
T = 2.81E + 16 molecules/joule 7r-93 4.71E+02 2.32E+02 7.03E+02 2.60E+13
S . 11 T Nb-93m 2.07E+02 9.04E+01 2.97E+02 1.10E+13 —_—r—
T ; = 6.81E +4 W for 4 tanks Tc99 2.10E+03 1.12E+03 3.21E+03 1.19E+14
€. eneration .
(total heat g o = 1.70E +4 W per tank [ B e T T T Ru-106 1.44E+05 9.25E+04 2.36E+05 8.74E+15
— = L p . ’ Cd-113m 6.17E+03 3.46E+03 9.62E+03 3.56E+14 LI L R
! Sb-125 2.53E+05 1.74E+05 4.27E+05 1.58E+16
- ——— —T—T—T
G(H,), = molecules of H, per 100 eV a radiation absorbed Sn-126 1.91E+02 1.00E+02 2.91E+02 1.08E+13 T T
J (Ho)q = 157 mol cules/zl%O eV 1129 2.40E+01 4.00E+00 2.80E+01 1.04E+12
= l.o/mole T ! UL Cs-134 4.66E+04 4.28E+04 8.95E+04 3.31E+15 —_—
T = 9.8I1E + 16 molecules/eV Cs-137 B.09E+06 4.01E+06 1.01E+07 3.74E+17
—_ T Ba-137m 7.45E+06 4.14E+06 1.16E+07 4.20E+17
- —_—TT T
e . = 1.31E+3 W for 4 tanks Sm-151 219E+05 1.25E+05 3.44E+05 1.27E+16
(total heat generation), = 1 5 W por tank L Euws2 421E402 2.22E402 6.43E+02 2.38E+13 2.38E+13 122613 2.90E400
= —TT]
= 3.28E+2 W pertan Eu-154 8.87E+04 361E+04 1.25E+05 4.62E+15 4.62E+15 2.43E13 1.12E+03 — ]
' Eu-155 1.10E+05 1.05E+05 2.15E+05 7.95E+15 7.95E+15 1.95E-14 1.55E+02
. i is oi T : T T ! Ra-226 3.02E-04 1.37E-04 4.39E-04 1.62E+07
values, the hydrogen generation rate is given by a - . . ‘ T T
—T Using these values ydrogen g Ac-227 1.54E-03 7.51E-04 2.20E-03 8.48E+07
—_—T L L Ra-228 218E-08 1.12E-08 3.31E-08 1.22E+03
i = . N A B
—T— Hydrogen generation rate (molecules/s) = 2.81E+16 x 1.7E+4 + 9.81E + 16 x 3.28E + 2 ‘ Th-229 260E-06 121606 3.81E-08 1 41E405
= 5.11E+20 molecules/s —p—— 5 —— Pa-231 6.73E-03 3.20E-03 9.93E-03 3.67E+08
S Th-232 347E-08 1.67E-08 5.14E-08 1.90E+03 — T T T ]
. U-232 9.98E-04 1.30E-03 2.30E-03 850E+07
i — T
Assuming the hydrogen generation rate at standard pressure and temperature, the volume of hydrogen ‘ U233 5.86E-04 6.41E.04 123E.03 454E407 4.54E407 7.68E13 3.48E.-05 S—
— generated is given by U234 2.60E+00 3.99E+00 6.59E+00 2.44E+11
511E+20molecules/ sx22.4L / molex60s/ hr 684L/ hr S B T T uzzgs 9.55E-02 1.57E-01 2.53E-01 9.35E+09 9.35E+09 7.32E-13 6.84E-03 —_—
T Hydrogen generation rate (L / hr) = = 68. U-236 215E-01 3.27E-01 5.42E-01 2.01E+10
ydrogen g 6.023E +23molecules / mole — ‘ e Np-237 1.48E+02 5.31E+01 2.01E402 7.44E412 7.44E412 7.786-13 5.79E+00
- — Pu-238 1.25E403 B.21E+02 2.07E+03 7.65E+13 7.65E+13 8.81E-13 6.74E+01 T T T
. . U-238 1.78E+00 2.72E+00 4.50E+00 1.67E+11 .
Assuming a well mixed tank, the time required to reach 1 percent hydrogen in free space of 85,000 L in the S B e Pu-239 7.24E+03 567E+03 1.29E+04 478414 4785414 8.24E-13 3.04E+02 —
T tank is given by Pu-240 2.06E+03 1.69E+03 3.74E+03 1.38E+14
85000 L T T : L Am-241 2.25E+04 1.29E+04 3.54E+04 1.31E+15 1.31E+15 8.86E-13 1.16E+03
. , ; —_—T T T
T Time to reach 1 percent LFL = AL X100 = 124 hrs | Pu-241 7.55E+04 7.76E+04 1.53E+05 5.66E+15 5.66E+15 8.38E-16 4.75E+00
. . g —_— K —TrT Cm-242 1.92E402 5.08E+01 2.43E+02 8.98E+12 9.78E-13
—1 N VY § ! Pu-242 5.50E-01 1.54E-01 7.13E-01 264E+10 R I R B
SR Am-243 7.54E+01 2.00E+01 9.55E+01 3.53E+12
, —T T
T T T T T T T T T T T T T T T T T T T T T T T T T Cm-243 3.29E+01 8.03E+00 4.10E+01 1.52E+12 RN S N . |
T ! ! ! H Cm-244 7.71E+02 1.78E+02 9.49E+02 3.51E+13 3.51E+13 9.30E-13 3.27E+01
T T T T T T T T T J : | T ——— ]
T T T T T T T T T T T T T T T T ! f T . 6.98E+07 1.74E+18 1.91E+15 2.32E+05 1.66E+03 Joules/sec
Tt Total dose 1.74E+18 2.59E+21 JIs pertank
Dose pertank  4.35E+17 bg T T t
T T
Volume 197000 L T T T
Dose per tank 2.21E+12 by/l
T T
G(h2) beta gam 0.45 per 100 ev 2.81E+16 joules r ' T !
T G(h2) alpha 1.57 per 100 ev 9.81E+16 joules
i 1ev 1.60E-19 joules T T T I
Energyftank (b-g) 57975.15 Watts
T T
H2 gen 1.63E+21 mol./sec : T T T T
; Energyftank (al)  414.9595
T T H2 gen 4.07E+19 mol./sec T ; T
! T
1T Total 1.67E+21 mol./sec
Avagadros # 6.02E+23 mol./mole H T T T
2.77E-03 moles/sec 9,
— T T 1)
/5 ﬁlﬂﬁ(’ A’ 2 T T T
atstp 22.4 Umole 7 Il
T T H2 gen 0.062156 Lisec . T T T
2237608 Lhr / .
I R S
Y /A Y R N L D e - ;33'23 790621%3fl;$|rwr T T T
. - Vv ° e
//jé — Aao * /&&, X ny Sets ﬂ ———T— Volume 8.50E+04 / .
T .7 T /.Z T ‘{, L N AL ¢ g T Tt Time 3.80E+00 hours
B To Page No. I‘D
/77g T
70%‘4’7’%9?- 1, hl'/M, 'l T T T Y T T L T T T | 9
SR AL L A 4 To Page No._ 4

- a\ l%\qﬂ Recorded by o ’ ) . ‘3\ ") ﬁ Recorded by




Project No.ﬂg -20 /

10 Book No..Z/5"  TITLE /Z?Wj”‘—‘ ¢ eteefieiers
1 T LIS i t { L 1 t i i I 1 I T T T T T T 1 T
From Page No.
T T T T T T
Median Inventory
T T T T T T T
1Ci 3.70E+10 bq
T . T —r Iventory In Tank Decay Heat Heat Generation T 1 1T
RadionuclidAZ-101  AZ-102  Total beta-gam alpha beta-gam alpha beta-gam alpha
. . : . - Ci Bq Bq Wibq e e
H-3 4.00E+00 1.47E+04 1.47E+04 5.44E+14
C-14 4.30E-01 8.30E-01 1.26E+00 4.66E+10
T T T T T Ni-59 1.99E+01 1.08E+01 3.07E+01 1.14E+12 T !
Co-60 4.62E+03 2.42E+03 7.04E+03 2.61E+14 2.61E+14 4.16E-13 1.08E+02
T T T T T Ni-63 2.30E+03 1.25E+03 3.55E+03 1.31E+14 [ R A B
Se-79 4.13E+01 2.28E+01 6.41E+01 2.37E+12
. T . T r Sr-90 6.24E+05 9.62E+05 1.58E+06 5.87E+16 5.87E+16 3.14E-14 1.84E+03 T
Y-90 6.36E+06 3.70E+06 1.01E+07 3.72E+17 3.72E+17 1.49E-13 5.55E+04
Zr-93 1.99E+02 1.11E+02 3.10E+02 1.15E+13
T T T T Nb-93m  8.74E+01 4.33E+01 1.31E+02 4.84E+12
Tc-99 1.10E+03 5.99E+02 1.70E+03 6.29F+13
1 T T — Ru-106  1.068E+05 7.62E+04 1.82E+05 6.74E+15 L I M —
Cd-113m  2.12E+03 1.22E+03 3.34E+03 1.24E+14
T ' T T — Sb-125 1.31E+05 9.27E+04 2.24E+05 8.28E+15 1
Sn-126 6.57E+01 3.54E+01 1.01E+02 3.74E+12
1129 7.10E+00 1.52E+00 8.62E+00 3.19E+11 ———
T T T T T Cs-134 4.34E+04 4.12E+04 B.46E+04 3.13E+15
Cs-137 5.89E+06 3.94E+06 9.84E+06 3.64E+17
T T T T Ba-137m 6.93E+06 3.98E+06 1.09E+07 4.04E+17 I B R
Sm-151 1.42E+05 8.02E+04 2.22E+05 8.22E+15
I T T r T Eu-152 273E+02 1.42E+02 4.15E+02 1.54E+13 1.54E+13 1.22E-13 1.87E+00 | IR S S
Eu-154  576E+04 2.31E+04 8.07E+04 2.99E+15 2.99E+15 2.43E-13 7.26E+02
Eu-156 7.15E+04 6.69E+04 1.3BE+05 5.12E+15 5.12E+15 1.95E-14 9.99E+01 T
T T T I T Ra-226 1.80E-04 8.50E-05 2.65E-04 9.81E+06
Ac-227 1.00E-03 4.80E-04 1.48E-03 5.48E+07
T T T T T Ra-228 1.30E-08 7.00E-09 2.00E-08 7.40E+02 T T
Th-229 1.20E-06 6.80E-07 1.88E-06 6.96E+04
: T r T T Pa-231 3.10E-03 1.80E-03 4.90E-03 1.81E+08 [N IS BN
Th-232 1.60E-08 9.39E-09 2.54E-08 9.39E+02
U-232 4.60E-04 7.30E-04 1.19E-03 4.40E+07 —_ 1
T T T T U-233 2.70E-04 3.60E-04 6.30E-04 2.33E+07 2.33E+07 7.68E-13 1.79E-05 '
U-234 1.20E+00 2.24E+00 3.44E+00 1.27E+11
T T T T T U-235 4.40E-02 8.83E-02 1.32E-01 4.90E+09 4.90E+09 7.32E-13 3.58E-03 ' T T
U-236 9.90E-02 1.84E-01 2.83E-01 1.05E+10
: : T T Np-237 1.96E+401 1.47E+01 3.13E+01 1.16E+12 1.16E+12 7.78E-13 9.01E-01 T T
Pu-238 1.65E+02 1.81E+02 3.46E+02 1.28E+13 1.28E+13 8.81E-13 1.13E+01
U-238 8.20E-01 1.53E+00 2.35E+00 8.70E+10 —
T 1 ' I T Pu-239 9.58E+02 1.25E+03 2.21E+03 8.17E+13 8.17E+13 8.24E-13 6.73E+01
Pu-240  2.72E+02 3.72E+402 6.44E+02 2.38E+13
T T T T T Am-241  217E+02 8.11E+02 1.03E+03 3.80E+13 3.80E+13 8.86E-13 3.37E+01 ! !
Pu-241 9.99E+03 1.71E+04 2.71E+04 1.00E+15 1.00E+15 8.38E-16 8.40E-01
: T T —r Cm-242  2.54E+01 1.12E+01 3.66E+01 1.35E+12 9.78E-13 RN R — |
Pu-242 7.40E-02 3.40E-02 1.0BE-01 4.00E+09
Am-243  9.98E+00 4.42E+00 1.44E+01 5.33E+11 e e
T ' T Cm-243  4.36E+00 1.77E+00 6.13E+00 2.27E+11
Cm-244  1.02E+02 3.93E+01 1.41E+02 5.23E+12 5.23E+12 9.30E-13 4.86E+00 e}
T T T T T |
3.34E+07 1.24E+18 4.40E+17 1.39E+14 5.82E+04 1.18E+02 Joules/sec
—T —T—T Total dose 4.40E+17 R N
Dose per ta1.10E+17 bq Supernaten 7.95E+17
Cs/Ba 7.68E+17 —_—T
J T ! L Volume  1.97E+05 L
Dose per ta5.59E+11
T T T T T T
G(h2) beta 4.50E-01 per 100 ev 2.81E+16 joules Beta/alp  4.93E+02
T T T T T G(h2) alpha1.57E+00 per 100 ev 9.81E+16 joules T T
1ev 1.60E-19 joules
r I T T ; Energyftan 1.46E+04 Watts ———
H2 gen 4.10E+20 mol./sec
Energy/tan 2.95E+01
T T T L H2 gen 2.90E+18 mol./sec
T I T T r Total 4.12E+20 molJsec T ]
Avagadros 6.02E+23 mol./mole ) f/
T - . T T 6.85E-04 moles/sec / A, L —_—rer
atstp  2.24E+01 Umole % W
— T T T Hzgen  1.53E-02 Lisec 7'/1&(,&
5.52E+01 L/hr
T T T T T 1 ft3/hr 2.83E+01 Lihr
H2 gen 1.95E+00 ft3/hr
, . . — Volume  8.50E+04 L. I S
Time

1846401 Jy7s
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From Page No.
T T T T T T
90 percentile
T T Total waste 4.04E+06 3.88E+06 7.92E+06' 3.70E+10 L T !
Iventory In Tank Decay Heat Heat Generation
AL I D RadionuclidAZ-101 . AZ-102  Total beta-gam alpha beta-gam alpha beta-gam alpha T T T T
Ci Bq Bg Wibq
f——— H-3 6.67E+00 2.23E+04 2.23E+04 8.24E+14 T T T T
c-14 8.13E-01 1.55E+00 2.36E+00 8.75E+10
Ni-59 7.82E+01 4.43E+01 1.23E+02 4.53E+12 . ; , ;
T T T Ca-60 4.13E+04 2.00E+04 6.22E+04 2.30E+15 2.30E+15 4.16E-13 9.57E+02
Ni-63 9.04E+03 5.13E+03 1.42E+04 5.24E+14
—r T 1 Se-79 6.12E+01 3.53E+01 9.65E+01 3.57E+12 T T J T
Sr-90 6.10E+06 7.34E+06 1.34E+07 4.97E+17 4.97E+17 3.14E-14 1.56E+04
b Y-90 6.23E+07 2.83E+07 9.06E+07 3.35E+18 3.35E+18 1.49E-13 5.00E+05 I T T T
Zr-93 1.37E+03 6.65E402 2.03E+03 7.53E+13
Nb-93m  6.02E+02 2.59E+02 8.61E+02 3.19E+13 — . .
! ! ! Tc-99 5.71E+03 3.00E+03 B.71E+03 3.22E+14
Ru-106  3.05E+05 1.60E+05 4.65E+05 1.72E+16
T T T Cd-113m  1.82E+04 1.01E+04 2.83E+04 1.05E+15 T T T T
Sb-125  6.98E+05 4.84E+05 1.18E+06 4.37E+16
T r T Sn-126  5.65E+02 2.94E+02 8.58E+02 3.18E+13 I T T T
1-129 6.99E+01 1.11E+01 8.10E+01 3.00E+12
Cs-134  6.47E+04 6.21E+04 1.27E+05 4.69E+15 r T . T
oo Cs137  7.19E+06 4.80E+06 1.20E+07 4.44E+17
Ba-137m 1.03E+07 6.00E+06 1.63E+07 6.05E+17
T T T Sm-151  5.80E+05 3.36E+05 9.16E+05 3.39E+16 f T T T
Eu-152  1.12E403 5.94E+02 1.71E+03 6.33E+13 6.33E+13 1.22E-13 7.72E400
T T T Eu-154  2.35E+05 9.67E+04 3.32E+05 1.23E+16 1.23E+16 2.43E-13 2.99E+03 r T T T
Eu-155  2.92E+05 2.80E+05 5.72E+05 2.12E+16 2.12E+16 1.95E-14 4.13E+02
Ra-226  8.06E-04 3.61E-04 1.17E-03 4.32E+07 q T I
bt Ac227  A409E-03 201E-03 6.10E-03 2.26E+08
Ra-228  5.82E-08 2.98E-08 8.79E-08 3.25E+03 ‘ : : |
' ; ! Th-229 7.40E-06 3.06E-06 1.05E-05 3.87E+05
Pa-231 1.91E-02 8.10E-03 272E-02 1.01E+09
T T T Th-232  9.87E-08 4.22E-08 1.41E-07 521E+03 T T T
U-232 2.84E-03 3.28E-03 6.12E-03 2.26E+08
U-233 1.67E-03 1.62E-03 3.28E-03 1.22E+08 1.22E+08 7.68E-13 9.33E-05 . r |
T U234  7.40E+00 1.01E+01 1.75E+D1 B.47E+11
U-235 2.71E-01 . 3.97E-01 6.69E-01 2.47E+10 2.47E+10 7.32E-13 1.81E-02 . : :
T T T U-236 6.11E-01 8.28E-01 1.44E+00 5.32E+10
Np-237  2.43E+02 9.98E+01 3.43E+02 1.27E+13 1.27E+13 7.78E-13 9.87E+00
T T T Pu-238  205E+03 1.54E+03 3.59E+03 1.33E+14 1.33E+14 8.81E-13 1.17E+02 T T T
U-238 5.06E+00 6.88E+00 1.19E+01 4.42E+11
T T T Pu239  1.19E+04 1.07E+04 2.25E+04 8.34E+14 8.34E+14 8.24E-13 6.87E+02 e maam T e |
Pu-240  3.37E+03 3.17E+03 6.55E+03 2.42E+14 :
Am-241  1.99E+04 1.33E+04 3.32E+04 1.23E+15 1.23E+15 8.86E-13 1.09E+03 ‘
T ! L Pu-241  1.24E+05 1.46E+05 2.70E+05 9.98E+15 9.98E+15 8.38E-16 8.36E+00 T T J
Cm-242  3.15E+02 9.55E+01 4.11E+02 1.52E+13 9.78E-13 ‘
T T T Pu242  918E-01 290E-01 1.21E+00 4.47E+10 T
AmM-243  1.24E+02 3.77E+01 1.61E+02 5.97E+12
T . T Cm-243  5.41E+01 1.51E+01 6.92E+01 2.56E+12 —— T
Cm-244  1.26E+03 3.35E+02 1.60E+03 5.92E+13 5.92E+13 9.30E-13 5.51E+01
L ! ! 1.36E+08 3.90E+18 227E+15 5.20E+05 1.96E+03 Joules/sec T
Total dose 3.90E+18 3.06E+21 Jis pertank
T T T Dose per ta9.74E+17 bq T T T
T T T Volume 197000 L —_— T T
Dose per ta4.95E+12
‘
! ] ! G(h2) beta 0.45 per 100 ev 2.81E+16 joules T
G(h2) alpha 1.57 per 100 ev 9.81E+16 joules
T T T fev 1.60E-19 joules T T T
Energy/tan 129875.5 Watts
T T T H2 gen 3.65E+21 mol./sec R e e —
Energy/tan 489.0597
. . T H2 gen 4.80E+19 mol./sec —_— T
Total  3.70E+21 mol/sec ,o/o H 2
T T T Avagadros 6.02E+23 mol./mole T T
6.14E-03 moles/sec % t”/(“'
T T T -T Aé, Y T T T
at stp 22.4 l/mole / /n‘e,
H2 gen 0.137633 L/sec ——————
L ! 495.4797 Lihr
1 ftarhr 28.3 Lihr
T T T H2gen = 17.50812 ft3/hr T T J
Volume  8.50E+04 L . Iy
T ) Y Time 1.72E+00 AvS . T T T
4 O -
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90 percentile with25% extra inventory
T T T | B I R —
Total waste 4.04E+06 3.88E+06 7.92E+06 < 3.70E+10
T T T Iventory In Tank Decay Heat Heat Generation T T T
RadionuclicAZ-101  AZ-102  Total beta-gam alpha beta-gam alpha beta-gam alpha
T T T Ci Bq Bq Wibq ——
H-3 6.67E+00 2.23E+04 2.23E+04 8.24E+14
C-14 8.13E-01 1.55E+00 2.36E+00 8.75E+10
1 T T Ni-59 7.82E+01 4.43E+01 1.23E+02 4.53E+12 T T |
Co-60 4.13E+04 2.09E+04 6.22E+04 230E+15 2.30E+15 4.16E-13 9.57E+02
T T T Ni-63 9.04E+03 65.13E+03 1.42E+04 5.24E+14 T
Se-79 6.12E+01 3.53E+01 9.65E+01 3.57E+12
. T : Sr-90 6.10E+06 7.34E+06 1.34E+07 4.97E+17 4.97E+17 3.14E-14 1.56E+04 B B T
Y-90 6.23E+07 2.83E+07 9.06E+07 3.35E+18 3.35E+18 1.49E-13 5.00E+05
Zr-93 1.37E+03 6.65E+02 2,03E+03 7.53E+13
T T T Nb-93m  6.02E+02 2.59E+02 B8.61E+02 3.19E+13 T T
Tc-99 571E+03 3.00E+03 8.71E+03 3.22E+14
T T T Ru-106  3.05E+05 1.60E+05 4.65E+05 1.72E+16 T
Cd-113m 1.82E+04 1.01E+04 2.83E+04 1.05E+15
' . . Sb-125  6.98E+05 4.84E+05 1,18E+06 4.37E+16 e L —
Sn-126 5.65E+02 2.94E+02 8.58E+02 3.18E+13 .
1-129 6.99E+01 1.11E+01 8.10E+D1 3.00E+12
! ! M Cs-134  6.47E+04 6.21E+04 1.27E+05 4.69E+15 ! ! J
Cs-137  7.19E+06 4.80E+06 1.20E+07 4.44E+17
T T T Ba-137m 1.03E+07 6.00E+06 1.63E+07 6.05E+17 T T
Sm-151  5.80E+05 3.36E+05 9.16E+05 3.39E+16
, : r Eu-152  1.12E+03 5.94E+02 1.71E+03 6.33E+13 6.33E+13 1.22E-13 7.72E+00 —_—
Eu-154  2.35E+05 9.67E+04 3.32E+05 1.23E+16 1.23E+16 2.43E-13 2.99E+03
Eu-155  2.92E+05 2.80E+05 5.72E+05 2.12E+16 2.12E+16 1.95E-14 4.13E+02 |
I I J Ra-226  8.06E-04 361E-04 1.17E-03 4.32E+07 T J
Ac-227 4.09E-03 2.01E-03 6.10E-03 2.26E+08
T T T Ra-228 5.82E-08 2.98E-08 8.79E-08 3.25E+03 T T
Th-229 7.40E-06 3.06E-06 1.05E-05 3.87E+05
T T T Pa-231 1.91E-02 8.10E-03 2.72E-02 1.01E+09 —r—T
Th-232 9.87E-08 4.22E-08 1.41E-07 5.21E+03
U-232 2.84E-03 3.28E-03 6.12E-03 2.26E+08
T T J U-233 1.67E-03 1.62E-03 3.28E-03 1.22E+08 1.22E+08 7.68E-13 9.33E-05 T T
U-234 7.40E+00 1.01E+01 1.75E+01 6.47E+11 ’
T T T u-235 2.71E-01 3.97E-01 6.69E-01 2.47E+10 2.47E+10 7.32E-13 1.81E-02 —rT
U-236 6.11E-01 8.28E-01 1.44E+00 5.32E+10
T T T Np-237  2.43E+02 9.98E+01 3.43E+02 1.27E+13 1.27E+13 7.78E-13 9.87E+00 [ i e |
Pu-238 2.05E+03 1.54E+03 3.59E+03 1.33E+14 1.33E+14 8.81E-13 1.17E+02
U-238 5.06E+00 6.88E+00 1.19E+01 4.42E+11 ]
! ' J Pu-239  1.19E+04 1.07E+04 2.25E+04 B8.34E+14 8.34E+14 8.24E-13 6.87E+02
Pu-240 - 3.37E+03 3.17E+03 6.55E+03 2.42E+14
T T T Am-241  1.99E+04 1.33E+04 3.32E+04 1.23E+15 1.23E+15 8.86E-13 1.09E+03 [ R
Pu-241 1.24E+05 1.46E+05 2.70E+05 9,98E+15 9.98E+15 8.38E-16 8.36E+00
T T T Cm-242  3.15E+02 9.55E+01 4.11E+02 1.52E+13 9.78E-13 T
Pu-242 9.18E-01 2.90E-01 1.21E+00 4.47E+10 ’
T . r Am-243  1.24E+02 3.77E+01 1.61E+02 5.97E+12 T
Cm-243  541E+01 1.51E+01 6.92E+01 2.56E+12 i
Cm-244  1.26E+03 3.35E+02 1.60E+03 5.92E+13 5.92E+13 9.30E-13 5.51E+01
T T T I S S |
1.36E+08 3.90E+18 2.27E+15 5.20E+05 1.96E+03 Joules/sec ‘
T r T Total dose 3.90E+18 3.06E+21 JIs pertank [ e |
Dose per ta9.74E+17 bq i
T Volume 197000 L bt
Dose per ta4.95E+12
T T T T T
G{h2) beta 0.45 per 100 ev 2.81E+16 joules
T T T G(h2) alpha 1.57 per 100 ev 9.81E+16 joules T T
1ev 1.60E-19 joules f
I I T Energy/tan 129875.5 Watts
H2 gen 3.65E+21 mol./sec
Energy/tan 489.0597
I T I H2gen  4.80E+19 mol./sec -
Y T T Total 3.70E+21 mol./sec
Avagadros 6.02E+23 mol./mole o L /; L ‘l
T T T 6.14E-03 moles/sec /a { 1
at stp 22.4 limole ]
I T T H2gen  0.137633 Lisec
495.4797 Lir 619.3496
T T T 1 ft3/hr 28.3 Lihr DL
H2 gen 17.50812 ft3/hr 21.88515
T I ) Volume  8.50E+04 -, TTr7T 1
Time 1.37E+00
i i T T T 1 1 ¥ T T T T T ) T T T T T T
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Table 2-3. Hydrogen generation rates
T
[T T Hydrogen generation rate Time to reach
I Inventory L/hr (ft/hr) 25% LFL (hr)
Best-Basis inventory 68.4 (2.42) 12.4
1 !
Mean (Uncertainty Method) 224 (7.90) 3.80
‘ T T Median (Uncertainty Method) 55.2 (1.95) 154
—T 90" percentile (Uncertainty Method) 495 (17.5) 1.72
S— 90™ percentile with 25% extra radionuclide in 619 (21.9) 1.37
one of the four storage tanks
[ S
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' T T Table 2-4. Percent difference between the Best-Basis, mean and median inventories for the '
S — combined Tanks AZ-101 and AZ-102 , gﬁ/ . ——
J T Percent Difference between Percent Difference between T
Radionuclide Best-Basis and Mean Inventory Best-Basis and Median Inventory 3 ]
%Co -548% 12%
S A R S T T
2S¢ 41% 84%
t J T T T
oYy -302% 0%
—T T T
2By -55% 0% b
T '%Eu -55% 0% o
T T T 55gy -119% -41% T !
T T T ™y 99% 100% T T
sy -14% -40% T T
7 Np -543% 0% | ;
38py ~498% 0%
T T T ! '
3Py ~485% 0%
I I 1 T T
#ipy -465% 0%
vert WaAm 5% 97% C
T e -528% 6% T
t H 1 —r—T
1 T T T T T T T T T i T T T 1 Ll ¥ T T T L 1 T
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11— T T T T
. gat%: 3/4/99
. - ender: "Ferryman Thomas A" <tom.ferryman@pnl.qov> T ! ! '
T T T " Wy it h Y oy it o h
To: "viain@swri.edu <v1a|n@swn.gu> @pnlg
bee:  Vijay Jain
Priority: Normal T T T T
T T T Subject:RE: RE: Best Basis Inventory
<< L >
T T U T
L e
We generated a rigid, repeatable tractable methodol
numbers. The median'values for IQOSr and 90Y are oledy Fo caloulate the T T 1 T
1 T T 623761 and 6360000. The median 90Sr number comes from the results of chemical
analysi§ of waste of similar type(s) as what is believed to be in tank AZ-101 7
B The medw number comes from the values used by the best basis estimate. ' ' T '
ci)ler FY98 version of the methodology did not directly relate 90Sr to 90Y. It I T T '
—T T '
our plan that the next update to the methodology will show that relationship. :
T T T T
Is your concern that the 90Sr and 90Y numb: i is i
[T T ers diff i
90Sr and the Best Basis 90Sr differ? PHSE o is It that the median
T T T T
T 1T T
Tom
T I | T
T T T T
al Message-----
——rT From: vjain@swri.edu [SMTP:vjain@swri.edu] ' ' l [
Sent: Thursday, March 04, 1999 2:40 PM
To: Ferryman, Thomas A T T T T
—T1 Subject: Re:RE: Best Basis Inventory
Tom: T T T !
1T
. I had earlier send you an email requesting explantion i
b1 nuclides like Sr790 and Y-90 di:‘.fer by morg th}a)n anlgrd2§ g? x‘:ggn;:.te:i;:%nIn the I l ‘ ‘
zte:iiched excel file downloaded from TWINS database shows this difference in
T T
A I G35 and G36, H35 and H36. I35, and I36 for Sr-90 and Y-90. This continues I I
through rows 35 and 36 in the attached table. Do you think this could be a
typographi{:al error (extra zero). SR-90 and Y-90 coexist together in same ' ! ' !
T T gg:}c{;:zratlon. The numbers for Cs-137 and Ba-137 are ok. They both also
together. I am process of verifi i ' ! ' '
—r P ] erifing some calculatio
would very much like to have your input. ne condacted by the BNEL and
e Look forward to hearing from you. I I ‘ I
: - Thanks ! ! ! !
17—
Vijay
T T T 1
T
—1—1T— T T T T
Vijay Jain ! L ! I
T T Center for Nuclear Waste Regulatory Analysis
Southwest Research Institute
—r1T San Antonio, TX 78238 T T T T
T T T T
A L
z T T i T
I l l T T T T
T T T T T T T T T T T ! ! ' l l ' I
| S — T T~y T T 1 T 11T T T T T T T 1T ot
. . T . . r T T T T T T T T T T T T T T T T T T
T T T T T T T T T T T T T T T T T T T T T T T T
T T T T T L T T T T T T T ! ! T ' T '
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210 522 5439 T I T T
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Reply Separator, T ) T T
——r—1 Subject: RE: Best Basis Inventory
Author: "Ferryman Thomas A" <tom.ferryman@pnl.gov>
Date: 2/3/99 1:18 PM T T T T
LI S
The two methods, the point estimate and the uncertainty methods, are similar
but differ in details in the implementation. This is address to some extent ' ! ! T
T T in
one' of the sections in the user guide. A more detailed explanation is T T T T
|11 possible
but not trivial.
T T T T
— 1T T May I ask, what brings you to ask? What aspect of your work does this relate
?
to? T T T T
T T Thanks, Tom
T T T T
b === Original Message~----
From: vjain@swri.edu [SMTP:vjain@swri.edu]
- Sent: Wednesday, February 03, 1999 1:07 PM i T T T T
T T 1 To: Ferryman, Thomas A
Subject: Best Basis Inventory r T T T
I
— 1 -1 1
Tom: r T T T
— v F 1
I would really appreciate if you could provide an explanation as to why
the best In T T T 1
T T T basis inventory numbers are different than the mean inventory numbers in
the
excel file Best Basis Inventory Uncertainity Estimation Results in T 1 T ! I
— 1 1 T TWINS/TCD.
T T T
—T T . Your name was listed as a contact person in the userguide. ! T
Thanks I T ] T T
T 1 T
Vija
jay — T T T T
T 1 1 )
Vijay Jain ‘lf T T T 1
F——rT Center for Nuclear Waste Regulatory Analyses
Southwest Research Institute
) San Antonio, TX T T T T
T 1 210 522 5439
T T T T
T
. T T T T
T << File: RFC822,.TXT >> << File: hcde.xls >>
y N
] T
11"
RFCE22TXT - ; 1 T T
[T 1
] T 1 i 1
1
T T T T T
L
T T T T T
—1
T T T T T
1 T .
T T T T T
T T T T T T T T T T 7 .
T T T
T T T T T T T T T T T T T T T T T T T T T T T T }
v . ,
T ! T I T
1 ! 1 T T I I T 1 i i | T I i I I T I T T T
R T T
T T T - T T T T T T T T T T T T T T T T T T T T T T
N T T
T T T T T T T T T T T T T T T T T T T T T T I‘ T T T
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Element Managers are requésted to put the following statement at the conclusion of "manual" Scientific

Notebooks:

"l have reviewed this scientific notebook and find it in compliance with QAP-001. There is sufficient
information regarding procedures used for condu_cting tests, acquiring and analyzing data so that another

qualified individual could repeat the activity.
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