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Table 1-1. Summary of Recent Sampling.

Rotary core 225 Solid/liquid |Riser |12 sub segments, Overall 69%
(12/10/97 to 12/26/98) upper half and lower
ho

Rotary core 227 Solid/liquid |Riser 4 - |8 subsegments, upper |Overall 36%
(1/22/98 to 2/09/98) half and lower half
Vapor samples Gas Tank ! Ispace, [n/a n/a
(7/21/95) riser 1 20 ft)

below of riser

Notes:
n/a = not applicable

'Dates are in the mm/dd/yy format.

1.2 TANK BACKGROUND

The SX Tank Farm was constructed from 1¢ > 1954 in the West Area of the Hanford Site.
Tank 241-SX-101 was filled with waste fron reduction-oxidation (REDOX) facility
202-S1 nt from the second quarter of 1954 1 the third quarter of 1957 (Agnew

et. al. 1997b). Durit this time condensed ° : was transferred to the tank. In the third
quarter of 1958 and the fourth quarter of 1960, condensed waste from tank 241-SX-101 was
sent to a crib. In 1971, tank 241-SX-101 received s ernatant from tank 241-BX-101. From
1974 to 1975, tank 241-SX-101 received ev  rator bottoms waste from the 242-S Evaporator
via tank 241-S-102. Also in support of eva]  ator operations, from the first quarter of 1979 to
the fourth quarter of 1980, supernatant waste was transferred from tank 241-SX-101 to

tanks 241-SY-102, 241-TX-118, 241-S-103. 1d 241-BX-105. During this time the tank
received waste from tanks 241-SY-102, 241 -107, 241-U-111, and 241-SX-106. The last
addition to tank 241-SX-101 was flush wate. 'om miscellaneous sources added in the fourth
quarter of 1980.

Table 1-2 summarizes the description of tank 241-SX-101. The tank has a maximum storage
capacity of 3,800 kL (1000 kgal) and preser  contains an estimated 1,674 kL (442 kgal) of
dilute complexed waste (see Appendix, Sect  D3.3). The tank is on the Watch List for the
flammable gas issue (Public Law 101-510).

1-2
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Table 1-2. Description of Tank 241-SX-101

Type ‘ Single-shell
Constructed 1953 to 1954
In service ‘ 1954
Diameter 22.9 m (75.0 ft)
Operating depth 9.85 m (32.2 ft)
Capacity 3,800 kL (1,000 kgal)
Bottom shape Dish
Ventilation Active
Waste classification Dilute complexed

lotal waste volume! 1,674 kL (442 kgal)
[Supernatant volume? ' : 0 kL (0 kgal)
saltcake volume? ' 1,674 KL (442 kgal)
sludge volume? 0 kL (0 kgal)
Drainable interstitial liquid volume® 625 kL ( 5 kgal)
Waste surface level ! 426.7 cm (168.0 in.)
Temperature (5/31/97 to 5/31/98)° 34 °C (93.2 °F) t0 56.7 °C (134.1 °F)
Integrity Sound
Natch List Flammable gas

Flammable gas facility grou

2

Vapor samples and combustible gas t ' July 1995

Rotary core samples December 1997 to February 1998

Declared inactive 1980
Partial interim isolation 1985
Interim stabilization/intrusion preven n Not completed
Notes:

' Based on zip cord measurement. This value differs from Hanlon (1998), see Appendix D3.3.
*Value differs from Hanlon (1998), sec  ppendix D3.3.

1-3
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2.1.1 Exothermic Conditions (Energetics)

The first requirement outlined in the safety screening DQO (Dukelow et al. 1995) is to ensure
there are not sufficient exothermic constituents (organic or ferrocyanide) in tank 241-SX-101

to pose a safety hazard. Because of this requ t, energetics in tank 241-SX-101 waste
were evaluated. The safety screening DQO 1 | that the waste sample profile be tested for
energetics every 24 cm (9.5 in.) to determine er the energetics exceeded the safety

threshold limit. The threshold limit for energetics is 480 J/g on a dry weight basis. Results
obtained using differential scanning calorimet  JSC) indicated no sample exceeded the
notification limit. Exotherms were detected, on a dry weight basis, ranging from 22.7 J/g to
92.1 J/g (see Appendix C). As aresult, it w concluded that a propagating reaction is highly
unlikely.

2.1.2 Flammable Gas

Headspace measurements were taken before - ing the 1997/98 rotary core samples. The
flammable gas level was zero percent. This w the safety screening limit of 25 percent
of the lower flammability limit (LFL).  July vapor samples also showed low
concentrations in flammable gases. Data for ymbustible gas headspace gas tests (sniff
tests) and the July 1995 vapor samples are p1 d in Appendix B. In addition, the SHMS
data (Wilkins et al. 1997) shows that the ma: | hydrogen concentration reading is 400 ppm

on August 22, 1995, and the hydrogen conce n from grab data ranged from 5 to 10 ppm
with an average of 8 ppm in the time period e 2 to September 25, 1995. All these
hydrogen concentration data are well below { Irogen concentration of 9,300 ppm

(Hu 1997a), which is equivalent to the level percent LFL in the tank headspace.

2.1.3 Criticality

The safety screening DQO threshold for criticality, sed on the total alpha activity, is 1 g/L.
Because total alpha activity is measured in uCi/g instead of g/L, the 1 g/L limit is converted
into units of uCi/g by assuming that all alpha decay originates from 2*Pu. The safety
threshold limit is 1 g 2°Pu per liter of waste. Assuming that all alpha is from ?*Pu, for a
maximum solids density of 1.92, this limit ci ‘esponds to 32.0 uCi/g of total alpha for solids.
The maximum total alpha activity dry weighi zsult was 2.66 uCi/g (core 225, segment 2,
lower half). The maximum upper limit to a 95 percent confidence interval on the mean was
3.08 uCi/g (core 225, segment 2, lower half), indicating that the potential for a criticality
event is extremely low. Therefore, criticality ; not a concern for this tank. Appendix C
contains the method used to calculate confide = limits.

2-2
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2.2 ORGANIC COMPLEXANTS

The data requirements to support the  1e of organic complexants are documented in
Memorandum of Understanding for the Organic Complexant Safety Issue Data Requirements
(Schreiber 1997). Total organic carbc  (TOC) results were well below 4.5 percent dry weight
in all samples. The maximum TOC for solids was 1.83 ercent dry weight and for drainable
liquids was 0.079 percent dry wei; t with percent water of 40 percent and 48 percent,
respectively. The analytical results indicates that at least 50 percent of the TOC in solids are
oxalate, which is the least reactive organic species. An analysis of variance conducted in
accordance with Schreiber (1997) sho d that this tank should be classified “safe” for the
organic complexant issue. Analysis of variance results for this tank and an updated safety
classification will be included ina r on to the organic complexants topical report
(Meacham et al. 1997b). The orga »mplexants issue is expe :d to be closed for all tanks
in fiscal year 1998.

2.3 ORGANIC SOLVENTS SAl SCREENING

The data required to support the org solvent safety screening issue are documented in the
Data Quality Objective to Support I ition of the Organic Solvent Safety Issue

(Meacham et al. 1997a). The DQO lires tank headspace samples be analyzed for total
‘nonmethane organic compounds to « nine whether any significant organic extractant pool
exists in the tank. The purpose of this assessment is to ensure that an organic solvent pool fire
or ignition of organic solvents cannot :ur. The organic solvents issue is expected to be
closed in fiscal year 1998.

Analytical results for tank 241-SX-1( owed that the concentration of total nonmethane
organic compounds (semivolatile species) in tank headspace vapors was 0.98 mg/m® (Evans
et al. 1996). The size of the vapor has not been estimated for this tank. However, the
organic program has determined th n if an organic solvent pool does exist, the
consequence of a fire or ignition of lic solvents is below risk evaluation guidelines for all
of the tanks (Brown et al. 1997). 1 ganic solvents issue is expected to be closed for all

tanks in fiscal year 1998.

2.4 HISTORICAL EVALUATION

The purpose of the historical evaluatic s to determine whether the model inventories based
on process knowledge and historical i rmation (Agnew et al. 1997a) agree with current tank
inventories. If the historical model ac rately predicts the waste characteristics, as observed
through sample characterization, the  sibility exists to reduce the amount of total sampling
and analysis needed. Data requiremer for this evaluation are documented in Historical
Model Evaluation Data Requirements (Simpson and McCain 1997).

2-3
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A "gateway" analysis is a quick check to en: :at the data obtained from sampling support

the remainder of the historical evaluation an Failure of the gateway analysis indicates
the model waste composition estimate is not arable to the sample data and the tank is not
a good tank on which to perform the historic del evaluation. If the gateway analysis fails,

the remainder of the sampling and analysis for the historical DQO will not be applied to the
tank. If the gateway analysis passes, then fu er a1 yses will be performed on the waste
samples as specified in the historical model ¢ Ilu on DQO. Results of the historical model
evaluation DQO will be used to quantify the rors associated with the historical tank content
estimates (Simpson and McCain 1997).

The gateway analysis was applied to each core sample taken from tank 241-SX-101 in
December 1997 to February 1998. The foll .ng waste types are identified by the Hanford
defined waste (HDW) model (Agnew et al. 7a) for this tank: REDOX waste, REDOX
salt, supernatant mixing model (SMM) 242-  vaporator saltcake generated from 1973 to
1976 (SMMS1), and SMM242-S Evaporator saltcake generated from 1977 to 1980 (SMMS2).
- The fingerprint analytes of these waste types :re examined for each sample from tank
241-SX-101. The gateway analysis required ‘o tests be performed for each sample. The
first test was to determine if the concentration of each of the gateway analytes was greater than
10 percent of the predicted concentration (a: ecified in the DQQO). The second test was to
determine whether the gateway analytes con uted to more than 85 percent (by mass) of the
total waste. * e gateway analysis for tank . -SX-101 is shown in Appendix C.

In summary, few of the analyzed segments consistent with three of the predicted waste
types (REDOX, REDOX saltcake, and SM} About half of the analyzed segments were
consistent with the SMMS1 waste type. As n in Table C2-3, three of the segments failed
because the sulphate composition was less tl ) percent of the gateway value for SMMS1.

One segment failed because of low aluminum and low water content. The fingerprint analytes
accounted for > 85 percent of the sample mass for ten of the segments. However, of the ten
segments that passed the gateway analysis ¢c1 ria, there appeared to be little, if any, vertical
homogeneity between the cores sampled. It was concluded that the tank exhibits a marginal
match only to the SMMSI1 waste type.

2.5 OTHER TECHNICAL ISSUES

Vapor samples were taken to address the Data Quality Objective for Tank Hazardous Vapor
Safety Screening (Osborne and Buckley 199!  However, this is no longer an issue because
headspace vapor (sniff) tests are required foi safety screening DQO (Dukelow et al. 1995),
and the toxicity issue was closed for all tank  ewitt 1996). Vapor sample results are
discussed in Appendix B.

A factor in assessing tank safety is the heat g ation and temperature of the waste. Heat is
generated in the tanks from radioactive decay  he tank heat load estimate based on the
1997/1998 core samples was 3,949 W (13,4¢ u/hr) (see Table 2-1). This estimate
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compares closely to the heat load estimate based on tank temperature of 3,692 W

(12,600 Btu/hr) (Kummerer 1995) ar he heat load estimate based on the tank process history
of 6,300 W (21,500 Btu/hr) (Agnew al. 1997a). All these estimates are well below the

lp tof 11,700 W (40,000 Btu/hr) th separates high- and low-heat-load tanks (Smith 1986).

3Cs 313,000 0.00472 1,477

OSr 369,000 0.00670 2,472
Total , 3,949
Note:

'See Appendix D.

2.6 SUMMARY

The results of all analyses performed to address potential safety issues showed that no
exothermic activity exceeded safety decision threshol limits. All requirements for the safety
screening and organic complexant issues were met based on the available samples. However,
the recovery of these samples are 69 percent for core 225 and 36 percent for core 227.
Historical DQO requirements were p¢  rmed. In general, it may be concluded that e tank
exhibits a marginal match only to the 1MS1 waste type, while the HDW models predicted
waste types of REDOX waste, REDC  salt, SMMS1, and SMMS2.

Vapor samples were taken to meet the organic solvents safety screening DQO requirements.

Sample results are summarized in Table 2-3.

Table 2-2. Summary of Technical Issues. (2 sheets)

Safety Energetics No exotherms exceeded 480 J/g.
screening Flammable gas Vapor data showed 0% of the LFL .
Criticality All analyses were well below 32.0 uCi/g

total alpha (within 95% confidence mit on
each sample).
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Table 2-2. Summary of Technical Issues.. (2 sheets)

Organic Safety categorization Tank was classified as safe, with low TOC
complexants' ' and no visible separate layers.
Organic Solvent pool size Total nonmethane organic compounds were
solvents' 0.98 mg/m’. Organic solvent pool size is
not estimated.
Historical Total mass of gateway an: 'tes |Fingerprint analytes for the SMMS1 waste
(gateway type accounted for greater than 85% of the
analysis) weight for about half of the segments. Most
of samples failed the analysis for REDOX,
REDOX salt, and SMMS2 waste types.
Selected segment comparison  A\bout half of the segments passed the
with <10% of DQO values analysis for the SMMS1 waste type. Most
segments failed the analysis for REDOX,
EDOX salt, and SMMS2 waste types.
Note:

'The organic solvent and organic complexant safety issues are expected to be closed in fiscal yéar 1998.
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3.0 BEST-BASIS ¢ ANDARD INY NTORY ESTIMATE

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 well as to address regulat y issues. These activities include overseeing tank farm
operations and identifying, monitoring, and resolving safety issues associated with these
operations and with the tank waste. 1 posal activities involve designing equipme
processes, and faci] es for retrieving aste and processing it into a form suitable for
long-term storage.

Chemical and radiological inventory i ormation are generally derived using one of three
approaches: 1) component inventories are estimated using results of sample analyses,

2) component inventories are estimate 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, essenti material use, and other operating data. The information
derived from these different approaches is often inconsistent.

An effort is underway to provide waste inventory estir tes that will serve as standard
characterization source terms for th ious waste management activities (Hodgson and
LeClair 1996). As part of this effo; | evaluation of chemical information for

tank 241-SX-101 was performed, ai best-basis inventory was established. This work,
detailed in the following sections, fi 's the methodology that was established by the
standard inventory task. The follov information was used in the evaluation:

®  Analytical results from December 1997/February 1998 rotary-mode core samples
(see Appendix B)

e Tank waste photographs
® The inventory estimate generated by the HDW model (Agnew et al. 1997a).

Based on this evaluation, a best-basis inventory was developed for tank 241-SX-101. The
sampling/engineering-based inventory was chosen as the best basis for those analytes for which
analytical values were available. The engineering inventory was calculated assuming a liquid
volume of 625 kL (165 kgal) and solid volume of 1,049 kL. (277 kgal). Alth¢ gh layers of
REDOX waste, REDOX salts, SMM! and SMMS2 were predicted by Agnew et al. (1997a)
and Hanlon (1998), it was concluded t only SMMS1 waste type was marginally observed in
1997/1998 core samples (Appendix C). HDW mod results were used if no sample based
information was available.

Best-basis tank inventory values are d ved 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 have only reported *Sr, *’Cs, 2**?*Py, and total uranium (or total beta and
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total alpha), while other key radionuclides su  as ®Co, *Tc, '¥’I, **Eu, "*Eu, and *'Am
have been infrequently reported. For this re: n it has been necessary to derive most of the
46 key radionuclides by computer models. 1 se 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 1ste 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 HDW
Revision 4 model results (Agnew et al. 1997  The best-basis value for any one analyte may
be either a model result or a sample- or engi ‘ring assessment-based result, if available.

The best-basis inventory estimate for tank 241-SX-101 is presented in Tables 3-1 and 3-2. The
inventory values reported in Tables 3-1 and 3-2 are subject to change. Refer to the Tank
Characterization Database for the most curre inventory values (LMHC 1998).

Table 3-1. Best-Basis Inventory Est tes for Nonradioactive Components in
Tank 241-SX-101 (Effect  June 17, 1998). (2 sheets)

Al 1.74E+05 S

Bi 10 E Not expected

Ca 159 S/E Upper bound .
Cl 22,300 S

TIC as CO, (18,900 S

Cr 29,800 S

F 757 S/E No contribution from liquid phase

Fe 4,120 S/E No contribution from liquid phase

Hg 0 E Yer change package #7 (Simpson 1998)
K 2,870 S

La 0 E Not expected

Mn 2,180 S/E No contribution from liquid phase

Na 5.55E+05 S

Ni 0 E Not expected

NO, 192,400 S

NO, 7.41E+05 S

OHroraL 5.08E+05 C Based on charge balance

Pb 0 E Not expected
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4.0 COMMENDATIONS

Rotary-mode core samples and vapor samples were taken to satisfy applicable issues for

tank 241-SX-101. Two rotary core samples were collected. Because of the hardness of the
waste, sample recovery was poor, wit 69 percent recovery for core 225 and 36 percent for
core 227. Consequently, the safety screening DQO requirement to analyze two complete cores
was not met. Analytical results for the samples obtained showed no exotherm, total alpha, or
TOC values exceeded safety screeni: lin s. Therefore, there are no safety screening issues
or organic complexant issues of concern, and no further sampling and analyses are required by
the safety screening DQO.

Vapor samples showed that the LFL.  he tank headspace is O percent. Although the organic
solvent pool size was not estimated, t  risk assessment (Meacham et al. 1997b) shows that the
organic solvent pool is no longer a cc ern and will e closed out for all tanks.

The historical gateway analysis failed r most segments. The HDW model (Agnew et al.
1997a) predicts waste layers of REDOX waste, REDOX salt, SMMS1, and SMMS2 for tank
241-SX-101. Based on gateway analy  results, about half the segments match the SMMSI1
waste type for this tank. The other sc 1ents did not match any of the waste types predicted
by the HDW model. This concludes t the waste of tank 241-SX-101 is quite complex and
can be marginally defined as SMMS1 aste. No further sampling and analysis are required by
the historical DQO.

Table 4-1 summarizes the Project Ha  rd Management Contractor (PHMC) TWRS Program
review status and acceptance of the s: )ling and analysis results reported in this tank
characterization report. All issues re ired to be addressed by samj ng and analysis are
listed in column 1 of Table 4-1. Coh 1 2 indicates by "yes," "no," or “partial” whether the
requirements were met in full or in part by the sampling and analysis activities performed.
Column 3 indicates concurrence and acceptance by the responsible PHMC TWRS program that
the sampling and analysis activities performed adequately. A "yes" or "no" in column 3
indicates acceptance or disapproval of e sampling and analysis information in the tank
characterization report.
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APPENDIX A

HISTORICAL TANK INFORMATION

Appendix A describes tank 241-SX-1  »ased on historical information. For this report,
historical information includes inforn  »n about the fill history, waste types, surveillance, or
modeling data about the tank. 1isi mation is necessary for providing a balanced
assessment of sampling and analytical results.

This appendix contains the following information:

e Section A1.0: Current tank status, includ g the current waste levels and the tank
stabilization and isolation status

® Section A2.0: Informati about the tank design

® Section A3.0: Process k wledge about the tank, the waste transfer history, and
the estimated contents of : tank based on modeling data

® Section A4.0: Surveillance data for tank 241-SX-101, including surface-level
readings, temperatures, a  a description of the waste surface based on
photographs

® Section A5.0: References for Appendix A.

Al1.0 C RRENT TANK STATUS

As of March 31, 1998, tank 241-S3 contained an estimated 1674 kL (442 kgal) of dilute
complexed waste (see Appendix D) e waste volumes were estimated sing a Food
Instrument Corporation surface-leve ige and photographic evaluation. Table Al-1 shows
the volumes of the waste phases found in the tank.

Tank 241-SX-101 is out of service, as are all single-shell tanks. This tank is categorized as
sound with partial interim isolation completed in 1985. The tank is actively ventilated and is
on & W :h List for flammable gas (Public Law 101-510).
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Table A2-1. Tank 241-SX-101 Risers.! (2 sheets)

N1 3.5 - Inlet line V-578 .
N2 4 Overflow

(N3 15 Spare inl  capped
Notes:

'Alstad (1993), Tran (1993), and Vitro (1985)
’ENRAF is a trademark of ENRAF Corporation, Houston, Texas.
3 Denotes risers tentatively available for sampli (I nicki 1997).
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Figure A2-1. Riser Configuration
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® The HDW list is comprised of approximately 50 waste types defined by
concentration for major analytes/compounds for sludge and supernatant layers.

® The TLM defines the | layers in each tank using waste composition and waste
transfer information.

® The SMM is a subroutine wit n the HDW model that calculates the volume and
composition of certain su rnatant blends and concentrates.

Using these records, the TLM fine e solid layers in each tank. The SMM uses
information from e Waste Status ar  "ransaction Record Summary, the TLM, and the HDW
list to describe the supernatants and ¢ centrates in ea tank. Together the Waste Status and
Transaction Record Summary, TLM, SMM, and HDW list determine the inventory estimate
for each tank. These model predictio are considered estimates that require further evaluation
using analytical data.

Based on the TLM and SMM, tank 2 -SX-101 contains five layers. A top layer of 4 kL

(1 kgal) of supernatant is predicted to : above a layer of 197 kL (52 kgal) SMMS2, over a
layer of 352 kL (93 kgal) SMMSI, over a layer of 590 kL (156 kgal) REDOX saltcake, over
a bottom layer of 583 kL (154 kgal) ¢ iigh-level REDOX waste. Figure A3-1 is a graphical
representation of the estimated waste e and volume for the tank layer.

Based on the Agnew et al. (1997a) estimates, the high-level REDOX waste layer should
contain, from highest concentration above one weight percent, the following major
constituents: hydroxide, nitrate, alumi m, sodium, and nitrite. Constituents contained in
this layer above a tenth of a weight percent are chromium, nickel, calcium, carbonate,

"¢l oride, and ammonia. The REDOX salt layer should contain, from highest concentration
above one weight percent, the follow  major constituents: sodium, nitrate, nitrite,
hydroxide, and aluminum. Constitue contained i this layer above a tenth of a weight
percent are chromium, potassium, sulfate, and chloride. Table A3-2 shows the historical
estimate of the expected waste constituents and their concentrations.
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Figure A3-1. ank Layer Model.
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