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3.0 BEST-BASIS STANDARD INVENTORY ESTIMATE 

Information about the chemical and/or physical properties of tank wastes is used to perform 
safety analyses, engineering evaluations, and risk assessments associated with waste 
management activities, as well as to address regulatory issues. Waste management activities 
include overseeing tank farm operations and identifying, monitoring, and resolving safety 
issues associated with these operations and with the tank wastes. Disposal activities involve 
designing equipment, processes, and facilities for retrieving wastes, and processing the 
wastes into a form that is suitable for long-term storage. 

Chemical inventory information generally is derived using two approaches: 1) component 
inventories are estimated using the results of sample analyses; and 2) component inventories 
are predicted using a model based on process knowledge and historical information. The 
most recent model was developed by Los Alamos National Laboratory (LANL) 
(Agnew et al. 1997b). The information derived from these two different approaches is often 
inconsistent. 

An effort is underway to provide waste inventory estimates that will serve as standard 
characterization source terms for the various waste management activities (Hodgson and 
LeClair 1996). As part of this effort, an evaluation of available chemical information for 
tank 241-BY-11 l was performed, including the following: 

• Data from two partial 1996 push-mode core samples (Appendix B) 

• An inventory estimate generated by the Hanford defined waste (HDW) model 
( Agnew et al. 1997b) 

• Evaluation of the BY Saltcake (BYSltCk) data from other BY Tank Farm tanks. 
Two engineering assessments were performed. One compared this tank to other 
BY Farm tanks without ITS heaters. The second engineering assessment 
compared this tank to the two ITS evaporator tanks (241-BY-102 and 
241-BY -112). Tank 241-BY -111 is more like the two tanks with the ITS heaters. 

Results from this evaluation, detailed in Appendix D, support using the sampling data as the 
basis for the best estimate inventory for tank 241-BY-lll for the following reasons: 

• The sample-based inventory analytical concentrations for tank 241-BY-111 
compared favorably to those of other BY tanks, specifically the evaporator tanks 
for the ITS. 

• No methodology is available to fully predict BYSltCk from process flowsheet or 
historical records. 

• Waste transfer records are not complete and not always accurate. 

3-1 



HNF-SD-WM-ER-687 Rev. 0A 

For those few analytes for which no values could be calculated from the sample-based 
inventory, the engineering evaluation data or the HDW model values were used. These 
values are less reliable than the values for which sample data are available. 

Based on this evaluation, a best-basis inventory was developed for tank 241-BY-111. When 
the sample-based inventory had a high less-than value or was not measured, the engineering 
assessment-based values were used (if applicable). Some high less than values are reported 
because all three tanks used in the second engineering assessment had high less than values. 
Results for radionuclides were not available for the sample-based inventory. The best basis 
radionuclide values were either engineering · assessment values based on the heat load of 
tank 241-BY-111 from Kummerer (1995) or HDW values. The HDW model was used only 
where no other data were available. The best-basis inventory for tank 241-BY-111 is 
presented in Tables 3-1 and 3-2. 

Table 3-1. Best-Basis Inventory Estimates for Nonradioactive Components in 
Tank 241-BY-111. (2 sheets) 

·····•· miim liventoi' } : :Jlsii.J !~iii (I~ ~~ ell!~ t 
Al 68,300 S 

Bi 307 M 

Ca 840 E 

Cl 2,980 s 
TIC as CO3 53,300 s 
Cr 5,630 s 
F 26,300 s 
Fe 16,300 s 
Hg 11.9 M No sample basis 

K 4,650 E Average concentration from other 
tanks in BY Farm, these tanks are 
less representative of 
tank 241-BY -111, but have data. 

La 0.47 M 

Mn 292 M 

Na 660,000 s 
Ni 1,300 M 

NO2 38,800 s 
N03 418 ,000 . s 
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Table 3-1. Best-Basis Inventory Estimates for Nonradioactive Components in 
Tank 241-BY-111. (2 sheets) 

OHT<>IAI 285 ,000 C Calculated from charge balance 

~ TI3 E 

Si 

Sr 

TOC 

Zr 

Notes: 

54,500 

94 ,200 

94,000 

173 

16,700 

<26,400 

24 

s 
s 

s 
M 

s 
s 

E 

This value very high but seems to 
be representative of several layers. 

Average concentration from other 
BY tanks < 27,100 

Model reports 5. 08 

1S := Sample-based, M = HDW model-based, E = Engineering assessment-based, and C = Calculated 
by charge balance; includes oxides as hydroxides, not including CO3, NO3, NO2 , PO4, SO4, and SiO3 
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Table 3-2. Best-Basis Inventory Estimates for Radioactive Components in 
Tank 241-BY-lll Decayed to January 1, 1994. (2 sheets) 

BB II1:11- 11liliiilliflii !lllll-
3H 214 M 
14c 55.9 M 

59Ni 5.95 M 
60Co 52.1 M 

63Ni 591 M 

79Se 4.68 M 
90Sr 61,500. E HDW estimate was 209 ;000 
90y 61 ,500 E Based on 90Sr 

93zr 22.6 M 

93mNb 16.3 M 

99Tc 310 M 

t06Ru 0.0104 M 

mmcd 120 M 
125Sb 234 M 
126Sn 7.00 M 
1291 0.601 M 

t34cs 2.54 M 

mes 226,000 E HDW estimate was 247,000 

137mBa 214,000 E Based on mes 

1s1sm 16,200 M 

1s2Eu 7.34 M 
1s4Eu 880 M 

1ssEu 445 M 

226Ra 2.38E-O4 M 

221Ac 0.00321 M 
22sRa 2.79 M 

229Tb 0.0643 M 

231Pa 0.0164 M 

232Tb 0.103 M 
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Table 3-2. Best-Basis Inventory Estimates for Radioactive Components in 
Tank 241-BY-111 Decayed to January 1, 1994. (2 sheets) 

11111111 / ~l~• !I;~ I 
232u 15.5 M 

233u 59.5 M 
234u 17.7 M 
235u 0.764 M 
236u 0.227 M 
231Np 1.04 M 
23sPu 4.15 M 
23su 22.5 M 

239Pu 149 M 
240pu 25.5 M 
241 Am 72.9 M 

241Pu 299 M 
242Cm 9.64E-04 M 

242Pu 0.00144 M 
243Am 0.00252 M 
243Cm 1.96E-05 M 
244cm 3.34E-04 M 

Notes: 

1S = Sample-based, M = HDW model-based, and E = Engineering assessment-based . 
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APPENDIX D 

EVALUATION TO ESTABLISH BEST-BASIS INVENTORY 
FOR SINGLE-SHELL TANK 241-BY-111 

An effort is underway to provide waste inventory estimates that will serve as standard 
characterization source terms for the various waste management activities (Hodgson and 
LeClair 1996). As part of this effort, an evaluation of available information for 
tank 241-BY-111 was performed, and a best-basis inventory was established. This work, 
detailed in the following sections, follows the methodology that was established by the 
standard inventory task. 

Dl.0 CHEMICAL INFORMATION SOURCES 

Available waste (chemical) information for tank 241-BY-111 includes the following: 

• Data from two partial push-mode core samples that were collected in 1996. See 
Appendix B for data. 

• The inventory estimate for this tank generated from the Hanford Defined Waste 
(HDW) model developed at Los Alamos National Laboratory, 
(Agnew et al. 1997a). 

• Data from other tanks identified historically as having the same BY saltcake 
(BYSltCk) waste type. (See Section D3.3 for specific tanks and references.) 

A list of references used in this evaluation is provided at the end of this 
Appendix (Section D5 . 0) . 

D2.0 COMPARISON OF COMPONENT INVENTORY VALUES 

Sampling-based inventories (see Appendix B), derived from the analytical concentration data 
from the core samples, and the HDW model inventories are compared in Tables D2-1 
and D2-2. Table D2-l compares nonradioactive components on a kilogram (kg) basis, and 
Table D2-2 compares the radioactive components on a total curie basis. The HDW model 
document (Agnew et al . 1997a) provides tank content estimates in terms of component 
concentrations and inventories. The chemical species are reported without charge designation 
per the best-basis inventory convention. 

D-3 
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Sampling-based inventories listed in Appendix B were calculated by multiplying the mean 
concentration of an analyte by the current waste mass, derived using the current tank volume 
and the mean density of the · waste. However, the sample data are based on incomplete core 
samples. A full profile of the waste was not obtained . The tank is reported to contain 
1,740 kL (459 kgal) of total waste, partitioned as 1,660 kL (438 kgal) of saltcake and 80 kL 
(21 kgal) of sludge by (Hanlon 1997) 1 and the mean density is reported to be 1.57 g/mL 
(Appendix B) . 

The HDW model inventory is based on a waste volume of 1,740 kL (459 kgal) and a density 
of 1.63 g/mL. The waste in the HDW model is partitioned in this manner: 1,640 kL 
(433 kgal) BY saltcake, and 100 kL (26 kgal) metal waste sludge. · 

The sampling-based inventory was developed by assuming that the last unsampled portion of 
the waste at the tank bottom had the same mean concentrations as the rest of the tank. 
In one core only six of nine segments were recovered , and the other core had seven of nine 
segments recovered. It is possible that a small layer of ferrocyanide waste or another 
unspecified sludge remains in the bottom of this tank, but no firm documentation is available 
to support this assumption. The assumption used for this assessment is that there is no 
sludge at the bottom of the tank (see Sections D3. l and D3.2) . The potential sludge layer is 
only a small portion of this tank' s waste volume ( < 5 percent) . Only a sample taken from 
the bottom of the tank can indicate if this is correct. 

Table D2-l. Sampling-Based and Hanford Defined Waste Model-Based Inventory Estimates 
for Nonradioactive Components in Tank 241-BY-l 11. (2 sheets) 

Al 68 ,300 93,400 N03 418,000 665 ,000 

Bi <5 ,280 307 OH NR 290,000 

Ca < 11 ,400 5 ,120 Oxalate 52 ,800 0.387 

Cl 2,980 7,650 Pb <5 ,280 1,930 

Cr 5,630 4,690 Pas PO4 54 ,500 14 ,400 
p3 26,300 1,730 Si 94 ,200 3,530 

Fe 16,300 2,650 Sas SO4 94,000 31 ,200 

Hg NR 11.9 Sr <5594 0 

K NR 2,550 TIC as CO3 53 ,270 60,800 

La <2 ,640 0.466 TOC 16,700 11 ,900 

Mn <672 292 UIOOI! < 26,400 51 ,500 

Na 660,000 505 ,000 Zr <528 5.08 
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NR 375 H20 (wt%) 31.7 36.9 

Ni NR 1,300 Density (kg/L) 1.57 1.63 

38,800 126,000 

Notes: 
NR = not reported 
HDW Hanford defined waste 

1Appendix B 
2Agnew et al. (1997a) 
3Fluoride based on water soluble portion only. 

Table D2-2 . Sampling-Based and Hanford Defined Waste Defined Model-Based Inventory 
Estimates for Radioactive Components in Tank 241-BY -111. 

====--====== 

•t- il • • NR 209,000 239Pu NR 149 

NR 247,000 

Notes: 
1Appendix B 
2Agnew et al. (1997a) 

D3.0 COMPONENT INVENTORY EVALUATION 

The following evaluation of tank contents is performed to identify potential errors and/or 
missing information that would influence the sample-based and HDW model component 
inventories. 
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D3.1 EXPECTED TYPE OF WASTE BASED ON THIS ASSESSMENT 

The reported waste types in tank 241-BY-111 are as follows. (See Appendix A for a detailed 
summary of the waste transfer history.) 

(Agnew et al. 1997a and 1997b): . MW, BYSltCk 
(Hill et al. 1995): TBP-F, EB-ITS, OWW, CW 

Abbreviations: 

BYSltCk 

TBP-F 

cw 

EB-ITS 

MW 

oww 

= 

= 

= 

BY Saltcake (same as EB-ITS) 

Tributyl phosphate-ferrocyanide scavenged UR (TBP) supernatants 
(Equivalent to HDW Model defined waste PFeCN2) 

Coating waste from the bismuth phosphate process 

Evaporator bottoms from in-tank solidification 

Metal waste from the bismuth phosphate process 

Organic Solvent Wash Waste from PUREX Plant 

The estimated volumes of waste are addressed in Section D2.0. 

A sludge layer may or may not exist at the bottom of tank 241-BY-111. During 1955, the 
tank was sluiced, and was declared empty in May of 1955 (Rodenhizer 1987) . However, the 
HDW assumes that none of the MW solids were removed during the sluicing and attributes 
98.4 kL (26 kgal) of the waste volume to MW sludge. 

There is also a stronger possibility that TBP-F supernatants, transferred to the tank after it 
was sluiced, deposited sludge in the tank (Anderson 1990 and Agnew et al.1997b). 
Grigsby et al. (1992) strongly suggests a sludge layer in this tank, but because the sampling 
did not extend to the projected bottom 2 to 3 segments of the tank, none of these assumptions 
can be verified. The potential sludge layer is only a small portion of this tank's waste 
volume ( < 5 percent), and only a sample taken at the bottom of the tank could verify its 
existence. 

The position taken in this document is that a sludge layer does not exist, and that the data 
taken from the core sample event can be extended to the unsampled portion of the tank. 
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D3.2 ASSUMPTIONS USED 

The following sections provide an engineering evaluation of tank 241-BY-111 contents. For 
this evaluation, the following assumptions and observations were made: 

• Total waste mass is calculated using the sampling-based measured density of 
1.57 g/mL and the tank volume listed in (Hanlon 1997) (1,740 kL [459 kgal]) . 
In (Hanlon 1997) 80 kL (21 kgal) are listed as sludge while (Agnew et al. 1997a) 
lists 100 kL (26 kgal) as sludge. The sampling based inventories and this 
assessment assume no sludge layer. As a result, the inventory estimates are not 
made on exactly the same waste type basis but are close (if ·MW is discounted). 

• Only the BYSltCk waste stream contributed to solids formation. 

• No radiolysis of NO3 to NO2 and no additions of NO2 to the waste for corrosion 
purposes are factored into this evaluation. 

D3.3 BASIS FOR CALCULATIONS USED IN THIS EVALUATION 

Table D3-1 summarizes the engineering evaluation approach used on tank 24 l-BY-111. 

Table D3-1. Assessment Methodology Used For Tank 241-BY-111. 

: ffiYl.ffl ii ~H~ i H~w ~rlllit:&I < 
Supernatant 

Saltcake 

Vol. = 1,740 kL (459 kgal) 

Sludge 

No supernatant predicted 

Used the sample-based 
inventory, which was 
calculated by multiplying 
the average tank analyte 
concentration by the total 
mass of the waste in 
tank 241-BY-111. The 
density used was the 
average measured density 
(1.57 g/mL). 

No sludge predicted. 

D-7 

n/a 

Used sample-based concentrations 
for three other 241-BY tanks, 
multiplied by saltcake total mass 
in tank 241-BY-11 l. The density 
used was the density of 
tank 241-BY-111 (1.57 g/mL). 

As a second check method, the 
average concentration of tanks 
241-BY-102, 241-BY-lll and 
241-BY-112 were used with the 
density of tank 241-BY-l 11 
(1.57 g/mL) 

n/a 
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BY saltcake (BYSltCk) , the abbreviation used by Agnew et al. (1997a), denotes salt waste 
supernatants that were evaporated and concentrated using in-tank heaters. In-tank 
solidification (ITS) campaigns were performed in the BY Tank Farm from 1964 through 
1976. Evaporated waste supernatants originated primarily from the BiPO4 process 
operations in B Plant. Heaters were placed in tanks 241-BY-101, 241-BY-102, 
and 241-BY-112. Tank 241-BY-101 was heated for only a short time. The heater was then 
transferred to tank 241-BY-102. Certain .BY tanks were designated as feed tanks. 
Concentrates from the heated tanks were transferred to other tanks in the BY tank farm and 
some BX tank farm tanks where they cooled and crystallized (Agnew et al. 1997b). 
Analyses have shown that the saltcake compositions for these tanks are somewhat different 
than those for the tanks that contained the heaters (Sasaki et al . 1997). · 

· A defined waste composition for BYSltCk is provided in Agnew et al. (1997a) . Because of 
the complicated waste supernatant transfer history of feed to the ITS campaign and the lack 
of a flowsheet basis for the waste, it is difficult to perform an independent assessment to 
estimate a saltcake composition that can be compared to the model-based BYSltCk 
composition. However, samples from BY tank farm tanks other than tank 241 -BY-111 that 
contain BYSltCk which did not contain in-tank heaters have been analyzed and the results 
have been reported. The analytical results for these tanks were evaluated at the core segment 
level, and the BYSltCk was identified . Table D3-2 summarizes the compositions of saltcake 
from tank 241-BY-105 , 241-BY-106, and 241-BY-110, based on the segment-level analysis 
reported , respectively , in Simpson et al. (1996a) , Bell et al . (1996) , and Simpson et al. 
(1996b). For comparison, the waste component concentrations for tank 241-BY-111 and the 
BYSltCk defined waste composition from Agnew et al. (1997a) are also shown in Table D3-2 
as well as the total calculated inventory for tank 241-BY -111. 

As indicated in Table D3-2 , the concentrations of major waste components such as sodium, 
aluminum, nitrate, fluoride , and sulfate vary among the three comparison tanks 
(tanks 241-BY-105 , 241-BY-106, and 241-BY-110) by no more than a factor of about three. 
However, the variation among tanks for minor components is much higher. 

Note that the fluoride , iron , oxalate, silicon , phosphate, and sulfate concentrations in 
tank 24 l-BY-111 samples are higher than the corresponding average concentrations of those 
components in the three BY farm comparison tanks. A few other analyte concentrations may 
also be higher in tank 241-BY-l 1 l but are reported as less than values. The high sulfate and 
phosphate concentrations in tank 24 l-BY-111 , as compared to other tanks without a ITS unit, 
are apparently compensated by lower nitrate concentrations than for the other tanks without a 
ITS unit. Some of the apparent anomalies for tank 241-BY- l l l likely result from the use of 
tank 241-BY-112 as the ITS unit 2 (ITS-2) . Tank 241-BY-111 received several direct inputs 
from 241-BY-112 which contained the heater, whereas several of the other BY farm tanks 
received some previously cooled evaporated supernatant from tank 24 l-BY-112. 
In particular, components with slightly lower solubilities would likely concentrate and 
precipitate from solution and collect on or near the cooler surfaces of the ITS unit in 
tanks 241-BY-112 or in 241-BY-1 l l , which received more waste from 241-BY-112. 
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The average sampling-based composition for tanks 241-BY-105, 241-BY-106, 
and 241-BY~llO compares favorably with the HDW model BYSltCk composition than does 
the tank 241-BY-111 composition for some analytes and less favorably in others. The HDW 
do not consistently compare well with any of the tanks. 

The total estimated inventories for tank .241-BY-111, from this engineering assessment, were 
determined by taking the average concentration of the three tanks (241-BY-105, 241-BY-106, 
and 241-BY-110) and multiplying by 459 (kgal) by 3785 (kgal to L) and by 1.57 kg/L (the 
density of 241-BY-111) and then by dividing by 1,000,000 (conversion factor to report as 
kg). 
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Table D3-2. 

Al 18,400 20,400 14,100 17,633 25 ,000 48 ,100 34,974 

Bi 55.6 < 49.2 NR <52.4 < 1,930 < ·143 114.9 

Ca 216 308 400 308 <4,180 840 1,791 

Chloride 897 2,060 2,250 1,736 1,090 4,730 2 ,860 

Cr 321 855 2,900 1,359 2,060 3,710 1,754 

Fluoride 4,100 5, 130 5,420 4,883 9,620 13,300 649 

Fe 476 215 924 538 5 ,960 . 1,470 749 

Pb 50.3 64 .5 130 82 < 1,930 223 721 

Mn 54.8 9.57 52.8 39.1 <246 107 109 

Ni 75 .9 47.9 193 106 NR 288 487 

Nitrate 491 ,000 329,000 184,000 335 ,000 153 ,000 913 ,000 249,000 

Nitrite 9 ,410 32,100 30,600 24 ,037 14,200 65 ,600 47,144 

Oxalate 11 ,300 8,990 13 ,600 11 ,297 19,300 30,800 0.145 

Phosphate 4,890 5 ,270 14,200 8,120 20,000 22, 100 3,998 

K 712 2,470 1,930 1,704 NR 4 ,650 956 

Si 180 184 451 272 34,500 741 1,320 

Na 198,000 203,000 237 ,000 213 ,000 241 ,000 580,000 185 ,000 

Sr 88 .3 44.4 58.1 64 <205 173 0 

Sulfate 10,600 11 ,300 18 ,400 13 ,433 34,400 36,600 11 ,373 

TIC as NR 36,800 159,000 97,900 19,500 267,000 18,591 
CO3 

TOC 3,250 2,500 5 ,920 3,890 6,100 10,600 4,465 

u 261 164.2 697 374 <9 ,660 1,020 3,930 

Zr 5.23 6. 28 14.4 8.64 < 193 24 1.9 

Density NR 1. 71 NR 1. 71 1.57 1. 71 1.63 
(g/mL) 

wt% H2O 16.1 25 .5 23.2 21.6 31.7 21.6 36.3 
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90Sr NR <4.26 22 .5 22.5 NR 61.5 78 
137Cs NR 106 60 83 NR 226 92.2 
2391240pu NR NR 0.0192 0.0192 NR 0.0525 0.056 

Note: 
1From Appendix B. 
2Agnew et al. (1997a). 

The component concentrations in tank 241-BY-111 appear more like those for the tanks that 
contained the ITS units (241-BY-112 or 241-BY-102) , than the other tanks listed in 
Table D3-2. This was somewhat unexpected because tank 241-BY-111 did not have an ITS 
unit and , as such, it was expected that the component concentrations in tank 241-BY-111 
would be more closely aligned to other BY farm tanks without an ITS unit. 

A second engineering assessment was performed in which the analyte concentrations for 
tank 241-B Y -111 were compared to those two ITS unit tanks , tank 241-B Y -102 and 
tank 241-BY-112 (Table D3-3) . Tank 241-BY-111 was included in the average of the three 
tanks. These three tanks form a group that can be used to predict concentrations of similar 
tanks and to be compared to the HDW model inventories for such tanks. These tanks show 
more variability because of the ITS units , and in using all three tanks , the larger differences 
are buffered. The sampling-based average of these three tanks will be compared to the 
HDW model for evaluation. By including 24 l-BY-111 in this assessment, the reported value 
for the engineering assessment of each analyte is lowered by an average of about 7 percent. 
For those analytes with more variance this percent may be higher as is it lower for others. 

This assessment estimates the total inventories for tank 241-BY-111 , by multiplying the 
average analyte concentrations for these three tanks by 459 (kgal) , by 3785 (kgal to L) , and 
by 1.57 kg/L (the density of 241-BY-lll) and by dividing by 1,000,000 (conversion factor 
to report as kg) . 
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Table D3-3. Tank 241-BY-111 Inventory Calculations. 

: : :aili: :: : !J~i !Ill t tilti 111!!! !I ~!I 

Al 41,600 

Bi <2,030 

Ca <2,100 

Chloride 1,220 

Cr 1,870 

Fluoride 18,000 

Fe 1,860 

Pb <2,030 

Mn 372 
Ni 4,820 

95,000 

13,900 

Oxalate 19,300 

P04 27,000 

P <9,500 

K NR 

Si 4,350 

Na 267;000 

Sr <203 

S04 57,700 

TIC as 27,800 
C03 

TOC 4,360 

25,000 18,200 

< 1,930 <2,040 

<4,180 <2,040 

1,090 1,150 

2,060 17,500 

9,620 9,410 

5,960 2,960 

< 1,930 <2,040 

<246 <292 
NR NR 

153,000 73,400 

14,200 20,400 

19,300 29,600 

20,000 16,600 

9,810 <7,770 

NR NR 

34,500 2,430 

241,000 334,000 

<205 <204 

34,400 25,000 

19,500 40,700 

6,100 8,510 

28,267 77,100 

<2,000 <5,460 

<2,774 <7,570 

1,153 3,150 

7,143 · 19,500 

12,343 33,700 

3,593 9,800 

.<2,000 <5,460 

<303 <826 
4,820 13,100 

107,133 293,000 

16,167 44,100 

22,733 62,000 

21,200 57,800 

<9,000 <24,500 

NR NR 
13,760 37,500 

280,667 766,000 

<204 <560 

39,033 106,000 

29,300 79,900 

6,320 17,200 

u < 10,000 <9,660 < 10,200 <9,954 <27,200 

Zr 

239124°I>u NR 

Notes: 
NR = not reported 
SC = Saltcake 

NR 
NR 

NR 

NR . NR NR 

NR NR NR 

NR NR NR 
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D3.4 ESTIMATED COMPONENT INVENTORIES 

Estimated chemical inventories for tank 241-BY-111 are summarized in Table D3-4. Shown 
are the sample-based inventory, and the inventory estimated by the HDW model. Also 
shown are the predicted engineering assessment inventories from Tables D3-2 and D3-3. 
The first engineering assessment inventory is based on the average analytical values for the 
three BY farm comparison tanks without ITS units (241-BY-105, 241-BY-106, 
and 241-BY-110). The second engineering assessment inventory is based on the average of 
the two ITS tanks, 241-BY-102 and 241-BY-112, with the non-ITS tank 241-BY-111. 
Comments and observations are provided iii the following text. 

Tanks 241-BY-112 and tank 241-BY-102 were the designated tanks in the BY tank farm for 
the ITS heaters. Because of its configuration (that is, a heater in one tank and subsequent 
tanks connected in a series for cooling the concentrated supernatant), the ITS system caused 
a different mix of analytes to settle in the ITS heater tanks and apparently the initial cooling 
tank, 241-BY-111, than in the tanks further down stream. 

For example, there is significantly less nitrate and nitrite in tank 241-BY-l ll than in the 
other BY comparison tanks (241-BY-105, 241-BY-106, and 241-BY-110). There also 
appears to be higher concentrations of silicon, sulfate, phosphate, fluoride, and iron than in 
the BY saltcake in the first set of three comparison tanks (see Section D3.3). At this time, 
there is no way to accurately predict the saltcake analytical values through an engineering 
assessment, other than by using analytical data from other tanks containing BYSltCk. 
However, because of the unique position of the tank 241-BY-111 between the boiler tank 
(241-BY-112) and the other downstream cooling tanks and the substantial differences in 
solution equilibria between these situations, using either case (boiler or downstream) 
exclusively as a basis for representing 241-BY-ll 1 will not provide an accurate description 
of the tank composition, although the boiler comparison still comes closest in most cases. 

Al 

Bi 

Ca 

Cl 

Cr 

F 

Fe 

K 

Table D3-4. Comparison of Selected Component Inventory Estimates 
for Tank 241-BY-111 Waste. (2 sheets) 

48,100 77,100 68 ,300 93,400 

< 143 <5 ,460 <5,280 307 

840 <7,570 < 11,400 5,120 

4,730 3,150 2,980 7,650 

3,710 19,500 5,630 4,690 

13,300 33 ,700 26,300 1,730 

1,470 9,800 16,300 2,650 

4,650 NR NR 2,550 
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Table D3-4. Comparison of Selected Component Inventory Estimates 
for Tank 241-BY-111 Waste. (2 sheets) 

NR NR, <2,640 0.466 

107 <826 <672 292 

580,000 766,000 660,000 505,000 

288 13,100 NR 1,300 

913,000 293,000 418,000 665,000 

65,600 44,100 38,800 126,000 

Oxalate 30,800 62,000 52,800 0.387 

Pb 223 <5,460 <5,280 1,930 

PO4 22,100 57,800 54,500 14,400 

Si 741 37,500 94,200 3,530 

SO4 36,600 106,000 94,000 31,200 

Sr 173 <560 <559 0 

TIC as CO3 267,000 79,900 53,270 60,800 

TOC 10,600 17,200 16,700 11 ,900 

u 1,020 <27,200 <26,400 51,500 

Zr 24 <546 <528 5.08 

H2O (percent) 31.7 31.7 31.7 36.9 

Notes: 
'Based on average concentrations for components in tanks 241-BY-105 , 241-BY-106, and 241-BY-110. 
2Based on average concentrations for components in tanks 241-BY-102, 241-BY-lll, and 241-BY-112. 

The HDW model does not properly represent the decreased solubilities for components in 
tank 241-BY-111 (for example, phosphate, sulfate, and fluoride) that are normally quite 
soluble in other tanks containing BYSltCk. The increased temperatures and rapid boil-off in 
tank 241-BY-112 likely resulted in a concentration and precipitation of these components, not 
only in that tank but in immediate transfers to tank 241-BY-111. The concentrated 
supernatants were also transferred to other BY farm tanks for cooling and further 
precipitation of the more soluble components. 

Because of the unique history of tank 241-BY-102 and 241-BY-112 as ITS evaporator tanks 
· and the relationship of 241-BY-111 to 241-BY-112, it is judged the analytical data from the 
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1996 core sample best represents the component concentrations for this tank. This receiver 
tank, 241-BY-111 , exhibits concentrations much like the two ITS evaporator tanks. This was 
not expected based on data from other tanks but may have been anticipated based on a 
careful consideration of physical principles. The waste in the other BY receiver tanks exhibit 
markedly different concentrations of certain components. 

For presently unexplained reasons , core 171 for tank 241-BY-111 has an unusually high 
concentration of Si. The high Si concentrations were consistently ob.served for segments 1-4 
for this core. The sample data from this tank are thus used as the inventory for Si. 

Total Hydroxide. Once the best-basis inventories were determined, the -hydroxide inventory 
was calculated by performing a charge balance with the valences of other analytes. In some 
cases, this approach requires that other analyte (for example, sodium or nitrate) inventories 
be adjusted to achieve the charge balance. During such adjustments, significant figures are 
retained. This charge balance approach is consistent with that used by Agnew et al. (1997a). 

Radionuclides were not measured in tanks 241-BY-102, 241-BY-111 , or 241-BY-112. The 
best basis Radionuclide values were either engineering assessment values based on the heat 
load of tank 241-BY-111 from Kummerer (1995) , engineering assessment #1, (Grigsby et al. 
1992), or HDW values. 

D4.0 DEFINE THE BEST-BASIS AND ESTABLISH 
COMPONENT INVENTORIES 

Information about chemical, radiological , and/or physical properties is used to perform safety 
analyses , engineering evaluations, and risk assessment associated with wast~ management 
activities, as well as regulatory issues. These activities include overseeing tank farm 
operations and identifying , monitoring , and resolving safety issues associated with these . 
operations and with the tank wastes. Disposal activities involve designing equipment, 
processing and facilities for retrieving wastes , and processing them into a form that is 
suitable for long-term storage. 

Chemical and radiological inventory information are generally derived using three 
approaches: 1) component inventories are estimated using results of sample analyses, 
2) component inventories are estimated using the HDW model based on process knowledge 
and historical information , or 3) a tank-specific process estimate is made based on process 
flowsheets, reactor fuel data, essential material usage, and other operating data. The 
information derived from these different approaches is often inconsistent. 

An effort is underway to provide waste inventory estimates that will serve as standard 
characterization source terms for the various waste management activities (Hodgson and 
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LeClair 1996). As part of this effort, an evaluation of available chemical information for 
tank 241-BY-111 was performed, including the following: 

• Data from two partial 1996 push-mode core samples (Appendix B) 

• An inventory estimate generated by the HDW model (Agnew et al. 1997a) 

• Evaluation of the BYSltCk data from other BY Tank Farm tanks. 
Two engineering assessments were performed. One compared this tank to other 
BY Farm tanks without ITS heaters. The second engineering assessment 
compared this tank to the two ITS evaporator tanks (241-BY-102 and 
241-BY-112). The composition of the waste in tank 241-BY-111 is more like 
that for the two tanks with the ITS heaters. 

Based on this evaluation , a best-basis inventory was developed for tank 241-B Y -111. The 
sampling-based inventory was chosen as the best basis for those analytes for which 
sampling-based analytical values were available, for the following reasons: 

• The sample-based inventory analytical concentrations for tank 241-BY-111 
compared favorably to those of other BY tanks , specifically the evaporator tanks 
for the ITS. 

• No methodology is available to fully predict BYSltCk from process flowsheet or 
historical records. 

• Waste transfer records are not complete and not always accurate. 

For those few analytes for which no values could be calculated from the sample-based 
inventory , the engineering evaluation data or the HDW model values were used. These 
values are less reliable than the values for which sample data are available. 

Based on this evaluation, a best-basis inventory was developed for tank 241-BY-111. The 
best-basis inventory for tank 241-BY-l 11 is presented in Tables D4- l and D4-2. The 
inventory values reported in the tables are subject to change. Refer to the Tank 
Characterization Database (TCD) for the most current inventory values. 

When the sample-based inventory had a high less-than value or was not measured , the 
engineering assessment-based values were used (if applicable). Some high less-than values 
are reported because all three tanks used in the second engineering assessment also had high 
less than values. Results for radionuclides were not available for the sample-based 
inventory. The best-basis radionuclide values were either engineering assessment values 
based on the heat load of tank 241-BY-112 from Kummerer (1995) or HDW model values. 

Best-basis tank inventory values are derived for 46 key radionuclides (as defined in 
Section 3.1 of Kupfer et al. 1997), all decayed to a common report date of January 1, 1994. · 
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Often, waste sample analyses have only reported 90Sr, 137Cs, 239124°I>u, and total uranium, or 
(total beta and total alpha) while other key radionuclides such as 60Co, 99Tc, 129.I, 154Eu, 155Eu, 
and 241 Am have been infrequently reported. For this reason it has been necessary to derive 
most of the 46 key radionuclides by computer models. These models estimate radionuclide 
activity in batches of reactor fuel, account for the split of radionuclides to various separations 
plant waste streams, and track their mo~ement with tank waste transactions. (These 
computer models are described in Kupfer et al. 1997, Section 6.1 and in Watrous and 
Wootan 1997.) Model generated values for radionuclides in any of 177 tanks are reported in 
the Hanford Defined Waste Rev. 4 model results (Agnew et al. 1997a). The best-basis value 
for any one analyte may be either a model result or a sample or engineering assessment
based result, if available. (No attempt has been made to ratio or normalize model results for 
all 46 radionuclides when values for measured radionuclides disagree with the model.) For a 
discussion of typical error between model derived values and sample derived values, see 
Kupfer et al. 1997, Section 6.1.10. 
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Table D4-1. Best-Basis Inventory Estimates for Nonradioactive Components in 
Tank 241-BY-111 ( Effective May 31, 1997). (2 sheets) 

Al 68,300 

Bi 307 

Ca 840 

Cl 2,980 

TIC as CO3 53,300 

Cr 5,630 

F 26,300 

Fe 16,300 

Hg 11.9 

K 4,650 

La 0.47 

Mn 292 

Na 660,000 

Ni 1,300 

N02 38,800 

N03 418,000 

OHTOTAL 285,000 

2pb 223 

PO4 54,500 

Si 94,200 

SO4 94,000 

Sr 173 

TOC 16,700 

s 
M 

E 

s 
s 
s 
s 
s 
M 

E 

M 

M 

s 
M 

s 
s 
C 

E 

s 
s 

s 
E 

s 

No sample basis 

Used average concentration from other tanks in 
BY Farm, these tanks are less representative of 
tank 241-BY-111, but have data. 

Calculated from charge balance 

This value very high but seems to be 
representative of several layers. 
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Table D4-1. Best-Basis Inventory Estimates for Nonradioactive Components in 
Tank 241-BY-111. ( Effective May 31, 1997). (2 sheets) 

UrnTAL < 26,400 S Using average concentration from other tanks 
in BY Farm < 27 ,200 

Zr 

Notes: 

24 E 

1S = Sample-based , M = HDW model-base, E = Engineering assessment-based, and C = Calculated 
by charge balance; includes oxides as hydroxides , not including CO3 , NO3, NO2 , PO4, SO4 and SiO3 • 

2Based on average concentrations for components in tanks 241-BY-105 , 241-BY-106 , and 241-BY-110. 

Table D4-2. Best-Basis Inventory Estimates for Radioactive Components in 
Tank 241-BY-111 Decayed to January 1, 1994 (Effective May 31 , 1997). (2 sheets) 

tthUd ii\iihthfy i ~Ji i ? ? 

I : 
1 ~fi~) :11: 11 : :::,,~ m~: er: 11~ 1 :: t 

3H 214 M 
14c 55 .9 M 
s9Ni 5.95 M 
6oco 52 .1 M 
63Ni 591 M 
79Se 4.68 M 
9osr 61 ,500 E HOW estimate was 209,000 
90y 61 ,500 E Based on 90Sr 
93zr 22 .6 M 
93mNb 16.3 M 
99Tc 310 M 
i06Ru 0.0104 M 
1BmCd 120 M 
125Sb 234 M 
126Sn 7.00 M 
1291 0.601 M 
134Cs 2.54 M 
137Cs 226,000 E HOW estimate was 247,000 
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Table D4-2 . Best-Basis Inventory Estimates for Radioactive Components in 
Tank 241-BY-111 Decayed to January 1, 1994 (Effective May 31 , 1997). (2 sheets) 

!i:llillli::::11:::::::1:l:lll~!lllllm,91 lllill!li!~l~i!i•l llli~~: •1.1.••.11.1.•1.••.•1 .• -1 .• 
·.•,•.·.·.·.··.··,·.·.-.· -:-:-;.:-:-:-:-:.;-;.;-:-:-.-:-:-:-:-:-:-:-.-:-:-:-. 

137mBa 214,000 E Based on 137Cs 
151Sm 16,200 M 
1s2Eu 7.34 M 
t54Eu 880 M 
1ssEu 445 M 
226Ra 2.38E-O4 M 
221Ac 0 .00321 M 
22sRa 2.79 M 
229Tb 0.0643 M 
231Pa 0 .0164 M 
232Tb 0.103 M 
232u 15.5 M 
m u 59.5 M 
234u 17.7 M 
m u 0.764 M 
236u 0.227 M 
231Np 1.04 M 
23sPu 4.15 M 
238u 22 .5 M 
239pu 149 M 
240Pu 25 .5 M 
241Am 72 .9 M 
241Pu 299 M 
242cm 9.64E-O4 M 
242Pu 0.00144 M 
243Am 0.00252 M 
243Cm 1.96E-O5 M 
244cm 3.34E-O4 M 

Notes: 

'S = Sample-based, M = HDW model-based , and E = Engineering assessment-based 
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