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APPENDIXE 

EVALUATION TP ESTABLISH BEST-BASIS INVENTORY.FOR 
DOUBLE-SHELL TANK 241-SY-103 

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 double-shell 
tank 241-SY-103 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. 

El.0 CHEMICAL INFORMATION SOURCES 

Available waste (chemical) information for tank 241-SY-103 includes: 

• The information included ·in sections 2.0, 3.0, 4.0, and 5.0 of this Tank 
·characterization Report (TCR) on tank 241-SY-103 history, sampling, analyses, 
and data evaluation 

• Inventory estimates for this tank that were generated from the Hanford Defined 
Waste (HDW) model (Agnew et al. 1997a). 

A list of references used in this evaluation is provided in Section E5.0. 

E2.0 COMPARISON OF COMPONENT INVENTORY VALVES 

Tank 241-SY-103 is one of three tanks making up the SY Tanlc Farm in the 200 West 
Area. Initially, this ~ received concentrated wastes from the B Plant cesium and 
strontium recovery campaigns. Later the tank received double-shell slurry and uranium 
sludge from the ion-exchange processing. Wastes in this tank are segregated in a crust layer, 
convecting layer, and a non-convecting layer. Periodic gas release events have been 
observed in this tank. It is believed that hydrogen and other gases are generated and trapped 
in the non-~onvecting layer leading to periodic gas release events. 

The HDW model inventory estimates for the wastes in tank 241-SY-103 are listed in 
Tables E2-1 and E2-2 (Agnew et al. 1997a). Also included in Tables E2-1 and E2-2 are 
inventory estimates based on 1994 core analysis data. The chemical species are reported. 
without charge designation per the best-basis inventory convention. 
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Table E2-1. · Hanford Defined Waste Model-Based and Sample-Based Inventory 
Estimates for Nonradioactive Components in Tank 241-SY-103'. 

Al 125,000 147,000 Ni 1,040 290 

Bi 789 NR NO2 320,000 377,000 

Ca 3,760 939 NO3 862,000 504,000 

Cl 24,500 31,500 OH 477,000 79,700 

Cr 20,900 21,900 Pb 630 NR 

F 35,900 3,350 PO4 24,800 40,500 

Fe 17,000 5,810 Si 6,240 107 

Hg 5.31 NR SO4 69,500 17,000 

K 7 ,310 12,800 CO3 77,700 94,600 

Mn 1,040 NR TOC 41,800 36,200 

Na 920,000 719,000 ·.uTOTAL 6,490 . 1,670 

NH3 3,910 NR Zr 60.6 123 

HiO (Wt%) 32.8 41.8 Density 1.61 1.52 
(g/mL) 

HDW = Hanford Defined Waste 
NR = Not reported 
a Agnew et al. (1997a) 
b Table 4-3. 
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Table E2-2. Hanford Defined Waste Model-Based and Sample-Based Inventory Estimates 
for Radioactive Components in Tanlc 241-SY-103. 

========= 

3H 715 3.16 1s4Eu 1,940 1,620 
60Co 120 105 lSSEu 755 l,410 
90Sr 346,000 79,000 23sp0 4.33 35.4 

99'J'c 759 766 23911,40Pu 172 134 
1wr 1.46 0.258 241Am 177 1,440 

137Cs 806,000 1.13 E+06 

HDW = Hanford Defined Waste 
a Agnew et .al. (1997a), decayed to January 1, 1994 
b Table 4-3. Radionuclides analyses completed in 1994. 

E3.0 COMPONENT INVENTORY EVALUATION 

The following evaluation was conducted· to assess various · estimates of tanlc contents. 

E3.1 WASTE IDSTORY FOR TANK 241-SY-103 

The waste transfer history for this tank is documented in Section 2.3.1 of this TCR. 
Tank 241-SY-103 began receiving waste in 1977 from B Plant cesium and strontium 
recovery campaigns. In 1980, the complex concentrate liquids were transferred out of the 
tank leaving a 466 kL (123 kgal) heel. Following this transfer, the tank received 1,590 kL 
(420 kgal) of double-shell slurry (DSS) from the 242-S Evaporator. In 1985, the tank 
received 121 kL (32 kgal) of uranium sludge from ion-exchange processing. During 1988 
and 1989 the tank received liquid waste from salt well pumping of tank 241-SX-104. From . 
1981 through 1989 the tank received small quantities of waste water. No waste has been 
transferred out ·of this tank since January 1981 and no waste added since 1990. A more 
detailed transfer history for this tanlc is available from Agnew et al. (1997b). 

E3.2 EXPECTED TYPE OF WASTE BASED ON THIS ASSESSMENT 

Agnew et al. (1997a) lists the waste volume as 2 ,816 kL (744 kgal). Hanlon (1997) 
lists the waste volume as 2,813 kL (743 kgal). The volume of waste in this tank increases 
with the gas accumulation and decreases when the gas is vented. As shown in Figure 2-5 of 
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this TCR, the surface level of this tank varies between 688 and 698 centimeters (271 and 275 
inches) as a function of time because of the gas accumulation phenomenon. 

Agnew et al. (1997a) identifies the waste as being 2,184 kL (577 kgal) of SMMS2 
solids and 632 kL (167 kgal) of liquids. _Hanlon (1997) identifies the waste as being · 1,370 
kL (362 kgal) of sludge, 15 kL (4 kgal) of salt cake, and 1,427 kL (377 kgal) of supernatant 
liquids. An internal memo (Stauffer 1997) confirms that the solids value of 1,370 kL (362 
kgal) listed in Hanlon (1997) is accurate. · 

This TCR used the 1994 core sampling d~ta to estimate the volume of the convecting 
layer to be 1,450 kL (384--kgal) (see section 4.2) and the non-convecting layer as 1,370 kL 
(362 kgal). The crust layer (salt cake) is included· in the convecting layer and is assumed to 
be approximately 15 kL (4 kgal). 

Based on process history, tank 241-SY-103 would be expected to contain large 
quantities of organic complexing agents from the complex concentrate heel left in the tank in 
1980. The tank would also be expected to contain large quantities of aluminum, sodium, 
hydroxide, nitrite, and nitrate from the DSS. 

E3.3 BASIS FOR CALCULATIONS USED IN THIS ENGINEERING EVALUATION 

The general approach in this engineering assessment is to utilize all available 
information to formulate the best-basis estimate of the tank's contents. The sources of 
information may include analytical data from samples taken from the tank of interest, 
analytical data from other tanks· believed to contain waste types similar to those believed to 
be in the tank of interest, and data from models utilizing historical process records. The 
confidence level assigned to the best-basis inventory values then depends on the level of 
agreement among the various information sources. 

Since the mid-1980's the surface level in tank 241-SY-103 (and also in tank 
241-SY-101) was observed to periodically rise and fall. This behavior was attributed to the 
accumulation of hydrogen and other gases in the non-convecting layer in the tank. When it 
was realized that a potentially significant safety issue was associated with the levels of · 
reactive gases being periodically vented from tanks 241-SY-101 and 241-SY-103, a focused 
characterization effort was initiated. (Details of the safety issue are discussed elsewhere in 
this TCR.) The waste characterization efforts for tank 241-SY-103 are detailed in Sections 4 
and 5 of this TCR. 

During August and September of 1994, one push-mode core was obtained from riser 
14A of tank 241-SY-.103. Details of the sampling event, analysis, analytical results and 
interpretation are found in sections 3.0, 4.0, and 5.0 of this TCR. The core consisted of 15 
segments. The liquid-solid interface was found in segment 9, indicating that about half of 
the tank contents are supernatant. The analytical results for the composite of drainable 
liquids. from segment 2 through 8, solids composite from segments 2 through 8, and the 
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solids composite from segments 10 through 14 are reported in Tables 4-1 through 4-3 in 
Section 4 of this TCR. The inventory estimates were developed for the convecting layer and 
the non-convecting layer and are reported in Table 4-3 of this TCR. The overall tank 
inventory estimates are also reported in Table 4-3. These data tables are not reproduced in 
this appendix. However, the sample-based tank inventory estimates are listed in Tables E2-1 
and E2-2. 

The sample-based inventory estirpates from Table 4-3 of this TCR are accepted as the 
most reliable information available for developing the best-basis inventory estimates. There 
is little to be gained by attempting to reassess the pre-1980 process records, scattered 
analytical results, and tank transfer records in hopes of developing an engineering-based 
estimate that would have higher reliability. 

E4.0 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 assessments associated with waste 
management activities, as wen ·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, 
processes, and facilities for retrieving wastes and processing them into a form that is suitable 
for long-term storage or disposal. · 

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 standan;l 
characterization source terms for the various waste management activities (Hodgson and 
LeClair 1996). As part of this effort, an evaluation of available information for double-shell 
tank (DST) 241-SY-103 was performed. An assessment of available chemical information 
for tank 241-SY-103 was performed, including the following: 

• The information included in sections 2.0, 3.0, 4.0, and 5.0 of this TCR on DST 
24 l-SY-103 history, sampling, analyses, and data evaluation 

• Inventory estimates for this .tank that were generated from the HDW model 
(Agnew e;t al. 1997a). 
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Based on this engineering assessment, a best-basis inventory was developed for tank 
241-SY-103 using concentration data developed in this TCR, when available, or the HDW 
model tank inventory estimates reported by Agnew et al. (1997a). 

Best-basis tank inventory values were 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. 
Often, waste sample analyses were only reported for total beta, total alpha, 90Sr, 137Cs, 
239/l4()Pu, and total uranium, while other key radionuclides such as 60Co, 99Tc, 129 I, 154Eu, 
155Eu and 241Am, etc., were infrequently reported: For this reason it has been necessary to 
derive most of the 46 key radionuclides by ~omputer 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 movement 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 xp.odel 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 nuclides 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. 

The inventory values reported in Tables E4-1 and E4"-2 are subject to change. Refer to 
the Tank Characterization Database (TCD) for the most current inventory values. 

Once the best-basis inventories were determined, the hydroxide inventory was 
calculated by performing a charge balance with valences of other. analytes. In some cases, 
this approach requires that other analyte (e.g., sodium or nitrate) inventories be adjusted to 
achieve the charge balance. No such adjustment was needed for this tank. This charge 
balance approach is consistent with that used by Agnew et al. (1997a). 

Table E4-1. Best-Basis Inventory Estimates for Nonradioactive Components in 
Tank 241-SY-103 (Effective May 31, 1997). (2 sheets) 

Al 147,000 s 
Bi 789 M 

Ca 939 s 
Cl 31,500 s 

TIC as CO3 94,600 s 
Cr 21 ,900 s 
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Table E4-l. Best-Basis Inventory Estimates for Nonradioactive Components in 
Tanlc 241-SY-103 (Effective May 31, 1997). (2 sheets) 

F 3,350 s 
Fe 5,810 s 
Hg 5.31 M 

K 12,800 s 
La 14.7 M 

Mn 629 M 

Na 719,000 s 
Ni 290 s 

N02 377,000 s 
NO3 504,000 s 

OHTOT.AL 451,000 C 

Pb 630 M 

Pas PO4 40,500 s 
Si 107 · s 

SO4 17,000 s 
Sr 0 M 

TOC 36,200 s 
UTOTAL 1,670 s 

Zr 123 s 
1S = Sample-based 
M = Hanford Defined Was_te model-based, Agnew et al. (1997a) 
E = Engineering assessment-based 
C = Calculated by charge balance; includes oxides as "hydroxide" not including 

C03 , NO2 , NO3 , P0.4, SO4, and Si03 • 
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Table E4-2. Best-Basis Inventory Estimates for Radioactive Components in Tanlc 
241-SY-103 , Decayed to January 1, 1994 (Effective May 31, 1997). (2 Sheets) 

3H 3.16 s 
14c 105 M 
s9Ni 6.51 M 
6oco 105 s 
63Ni 639 M 
79Se 10.5 M 
90Sr 79,000 s 
ooy 79,000 s From 90Sr 

93Zr 51.5 M 
93mNb 37.3 M 

99Tc 759 s 
106Ru 0.0216 M 
mmcd 273 M 
msb 523 M 
iusn 15.8 M 

1291 0.258 s 
1~Cs 9 M 
137Cs 1.13 E+06. s 
t37mBa 1.07 E+06 s 
151Sm 36,900 M 
i.s2Eu 12.7 M 
t54Eu 1,620 s 
rnEu 1,410 ·S 
226Ra 4.36 E-04 M 
zvAc 0.00275 M 
228Ra 0.556 M 
:z.29Th 0.013 M 
231Pa 0.0128 M 
232Th 0.0458 M 
23zu 2.41 M 
233u 9.22 M 
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Table E4-2. Best-Basis Inventory Estimates for Radioactive Components in Tanlc 
241-SY-103 , Decayed to January 1, 1994 (Effective May 31, 1997). (2 Sheets) 

"~~~i,~,~~F-~4~. 
234U 2.39 M . 
23su 0.0965 M 
236u 0.0752 M 

mNp 2.74 M 
238pu 35.4 s 
mu 2.86 M Total U = 1,670 kg 

239/240Pu 134 s 
241Am 1,440 s 
241p0 295 M 
242Cm 0.47 M 
242pu 0.00162 M 

:243Am 0.00632 M 
243Cm 0.0436 M 
244Cm. 0.421 M 

1S · = Sample-based 
M = Hanford Defined Waste model-based, Agnew et al. (1997a) 
E = Engineering assessment-based 
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