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1.0 INTRODUCTION

A major function of the Tank Waste Remediation System (TWRS) is to characterize wastes
in support of waste management and disposal activities at the Hanford Site. Analytical data
from sampling and analysis, along with other available information about a tank, are
compiled and maintained in a tank characterization report (TCR). This report and its
appendixes serve as the TCR for double-shell tank 241-AN-103.

The objectives of this report are: 1) to use characterization data in response to technical
issues associated with tank 241-AN-103 waste; and 2) to provide a standard characterization
of this waste in terms of a best-basis inventory estimate. The response to technical issues is
sun arized in Section 2.0, and the best-basis  /entory estimate is presented in Section 3.0.
Recommendatior re; du ety status and additio;  nplit 1 " a provi’ "in
Section 4.0. Supporting data and information are contained in the appendixes. This report
also supports the requirements of the Hanford Federal Facility Agreement and Consent Order
(Ecology et al. 1996) milestone M-44-10.

1.1 SCOr—

Characterization information presented in this report originated from sample analyses and
known historical sources. While only the results of recent sample events will be used to
fulf the requirements of the data quality objectives (DQOs), other information can be used
to support (or question) conclusions derived from these results. Historical information for |
tank 241-AN-103, provided in Appendix A, includes surveillance information, records
pertaining to waste transfers and tank operations, and expected tank contents derived from a
process knowledge model. The recent sampling events listed in Table 1-1, as well as sample
data obtained before 1989, are summarized in Appendix B. The results of the 1996 sampling
event, also reported in the laboratory data package (Steen 1997), satisfied the data
requirements specified in the tank characterization plan (TCP) for this tank (Kruger and
Winkelman 1996). The statistical analysis of data used in issue resolution are reported in
Appendixes B and C. Appendix D contains the evaluation to establish the best basis for the
inventory estimate. A bibliography that resulted from an in-depth literature search of all
known information sources applicable to tank 241-AN-103 and its respective waste types is
contained in Appendix E.

1-1
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2.0 RESPONSE TO TECHNICAL ISSUES

Four technical issues have been identified for tank 241-AN-103 (Brown et al. 1996). They
are:

° Safety Screening: Does the waste pose or contribute to any recognized
potential safety problems?

° 1 1mmable Gas: Data from the push core samples are needed to provide an
understanding of the tank contents so that: (1) insight may be obtained on the
mechanisms within the waste for gas generation, retention, and release,

(2) models of the waste bel rior can be developed to support safi ' analysis

d development of mitigation methods, (3) simulants for waste studies be
developed, and (4) modeling of the release of gases into the dome space, and
subsequent potential for ignition in the dome space, can be done to support
hazard analyses.

e  Organic Solvents Screening: Does an organic solvent pool exist that may
cause a fire or ignition of organic solvents in entrained waste solids?

e  Privatization: Do the September 1996 push core samples taken from tank
241-AN-103, and the subsequent laboratory analysis, meet the needs of the
privatization low activity waste (LAW) DQO (Jones and Wiemers 1996)?

The Tank Characterization Plan (Kruger and Winkelman 1996) and the Tank Safety and
Analysis Plan (TSAP) (Kruger 1996) provide the types of sampling and analysis used to
address the above issues. Data from the recent analysis of two push core samples and tank
vapor space flammability measurements, as well as available historical information, provided
the means to respond to these two issues. This response is detailed in the following sections.
See Appendix B for sample and analysis data for tank 241-AN-103.

2. SAl TY SCREENING

The data needed to screen the waste in tank 241-AN-103 for potential safety problems are
documented in Tank Safery Screening Data Qualiry Objective (Dukelow et al. 1995). These
potential safety problems are exothermic conditions in the waste; flammable gases in the
waste and/or tank headspace: and criticality conditions in the waste. Each of these
conditions i1s addressed separately below.
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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 that there are not sufficient exothermic constituents in tank 241-AN-103 to cause a

safety hazard. Because of this requirement, energetics in the tank 241-AN-103 waste were

evaluated. The safety screening DQO required that solid samples be tested for energetics

every 24 cm (9.5 in.) to determine if e energetics exceed the safety threshold limit. Note |
that the first 12 segments from core 166 and the first 9 segments from core 167 were mostly

composed of drainable liquid and therefore, were not subdivided into upper and lower

samples (see Table Bl1-:

Results obtained using differential scanning calorimetry (DSC) indicated that exotherms were
well below notification limits of 480 J/g on a dry weight basis. The maximum DSC value
measured was 268 J/g (dry). The upper limits of the one-sided 95 percent confidence
interval for the DSC results were below the notification limit (480 J/g dry) except for

core 167, segment 7, drainable liquid, which had an upper limit of 629 J/g (dry). The
upper limit was high because of differer inthee ~ 1 - the tv r

(result: 0 J/g, duplicate 172.0 J/g). The total organic cart esults for this sample
were 2,500 ug/g and 2,720 ug/g, well below the limit of 30,000 ug/g. Therefore, energetics
is not a concern for this tank.

2.1.2 Flammable Gas

Vapor phase measurements, taken in the tank headspace prior to the push core samples in
September 1996, indicated that no flammable gas was detected (0 percent of the lower
flammability limit [LFL]). Data from these vapor phase measurements are presented in
Appendix B. However, before this sampling event there has been one gas release event and
the resulting peak hydrogen concentration was 0.3 vol%, which is less than 25 percent of the
LFL (Wilkins et al. 1997). Tank 241-AN-103 is on the flammable gas watch list.

Additional information on the flammable gas tank safety evaluation is provided in

Section 2.2.

2.1.3 Criticality

The safety threshold limit is 1 g **Pu per liter of waste. As part of the sa y screening
DQO, the potential for a criticality event in a tank is assessed using the total alpha activity
data. The safety screening QO identifies the total alpha activity safety threshold limit as
1 gram of fissile material per liter of waste. This limit was converted into the
laboratory-reported solid units of microcuries per gram by assuming that all fissile material
(alpha activity) exists as 2**Pu and by using the maximum bulk density of 1.93 g/mL found
from the tank 241-AN-103 samples. The assumption that all fissile material exists as *’Pu
was made because **Pu is the radioisotope of concern with respect to the criticality issue.
The maximum density value was used because it produces the minimum threshold limit and
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is therefore the most conservative estimate. For tank 241-AN-103, 1 gram of *°Pu per liter
of waste is equivalent to 32.1 uCi/g of alpha activity for solid subsamples. There is no
density correction for liquids because the results are reported by the laboratory in
microcuries per milliliter. The gré to microct : conversion for liquid s: ples, assi !
all a° "a activity is from #°Pu, results in a safety threshold limit of 61.5 uCi/mL.

Waste samples were tested for total alpha activity for each push core sample. Concentrations
in all samples were well below the threshold limit with a maximum value of 0.18 uCi/mL.
Ac  onally, the upper limit of the one-sided 95 percent confidence interval for these results
w: ss than 61.5 uCi/mL, with a maximum value of 0.534 uCi/mL. The method used to
calculate confidence limits is contained in Appendix C. The data show that there is no
criticali concern with this tank.

2.2 FLAMMABLE GAS TANK SAFETY EVALUATION

The purpose of the immable gas tank safety evaluation is to obtain data to develop
mitigation methods, to support tank behavior models needed for making safety analyses, and
to suj Hrt evaluations of chemical mechanisms for gas production and release. These data
needs were met by the sampling event and retained gas sampler (RGS) analysis in September
1996, and by the ball rheometer and void fraction instrument (VFI) deployed in May 1996.

Tank 241-AN-103 was the fifth double-shell tank sam] :d for retained gases. The RGS was
used in two risers within this tank to obtain seven segments. The waste level at time of
-sampling was about 884 cm (348 in.) and consisted of a nonconvective layer of about

378 + 29 cm (149 + 12 in.) in depth, 414 + 37 cm (163 + 14 in.) of convective liquid,
and a floating crust 92 + 8 cm (36 + 3 in.) thick. The head space volume in tank
241-AN-103 is about 1,723 m’ (61,000 ft*) (Shekarriz et al. 1997).

Retained gas measurements and estimated solubilities show three major constituents in the
gas/vapor phase (free gas) in the waste. The major components of gas in the nonconvective
layer are hydrogen (62.0 + 6.6 mol%), nitrogen (33.1 + 3.5 mol%) and nitrous oxide

(3.8 + 0.4 mol%). Gas in the convective layer consists of mostly nitrogen

(76.3 + 47 mol%), hydrogen (18.4 + 10 mol%) and nitrous oxide (2.2 + 1.2 mol%). The
remainder of the gas in both layers is composed of ammonia, methane, and other
hydrocarbons (Shekarriz et al. 1997).

The measured local ammonia concentrations in tank 241-AN-103 ranged from 1260 + 350 to
3820 + 3150 umole/liter of waste. More than 99.9 percent of the ammonia is dissolved in
the waste. The RGS analysis of ammonia is believed to underestimate the actual ammonia
content in the tank by a factor of 2 to 3 (Shekarriz et al. 1997).

The extraction results show that the insoluble gases were primarily retainc  in the lower,
nonconvective layer. Based on the estimated solubilities and RGS measurements of gas
concentrations, about 7.7 percent by volume (in-situ) of the nonconvective layer was filled

2-3
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2.3 RGANIC SOLY NTS SCREENING

The data requirc  to support the organic s« ’ent screening issue are documented in the
93-5 implementation plan (DOE-RL 1996). A new DQO is currently being developed to
address the organic solvent issue. In the interim, tanks are to be sampled for total

n( ethane hydrocarbon, to determine if an organic extractant pool greater than 1 m?
(10.8 ft?) exists (Cash 1996). The purpose of this assessment is to ensure that an organic
solvent pool fire or ignition of organic solvents cannot occur. Vapor analyses for total
non-methane organic hydrocarbon have not been conducted. Vapor samples are scheduled
for FY 1998.

2.4 PRIVATIZATION

ank 241-AN-103 is in the scope of the privatization LAW DQO (Jones and Wiemers 1996).
However, sampling was performed before issuing this DQO. The sampling and analytical
results are being assessed by the privatization program to determine whether the 1996 sample
meets the needs of the privatization LAW DQO. Results will be reported in a future revision
to this report or additional sampling and analyses may be required.

2.5 OTHER TECHNICAL ISSUES

A factor in assessing tank safety is the heat generation and temperature of the waste. Heat is
generated in the tanks from radioactive decay. An estimate of the tank heat load can be
calculated based on the results from the 1996 sampie event. The heat load value calculated
from the 1996 sample events was 10.6 kW (36,300 Btu/hr), as shown in Table 2-1. The
heat load estimate based on the tank process history was 6.69 kW (22,800 Btu/hr)

(Agnew et al. 1997). The heat load estimate based on the tank headspace temperature was
13.2 kW (45,000 Btu/hr) (Kummerer 1995). These estimates are well below the limit of the
maximum heat load, 20.5 kW (70,000 Btu/hr), allowed for double-shell tanks

(Heubach 1996).
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Table 2-1.

B3Cs 638 2.31E+06 0.00472 110,900
Total | | 10,900
Notes:

Include daughter radionuclides.

2Only analytes contributing to the heat generation rate above 100 W are included.

2.6 SUMMARY

The results from all analyses performed to address potential safety issues showed that no
primary analyte exceeded safety decision threshold limits with the exception of two samples.
These samples exceeded the notification * nit at the upper limit of the 95 percent confidence
interval. Total organic carbon analyses are pending. The analyses for the flammable gas
were completed to obtain data to develop mitigation methods, to support tank behavior
models needed for making safety analyses, and to support evaluations of chemical
mechanisms for gas production and release. The analyses results are summarized in

Table 2-2.
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APPENDIX A

HISTORICAL TANK NFORMATION

Appendix A describes tank 24]1-AN-103 based on historical information. . or this report,
historical information includes any information about the fill history, waste types,
surveillance, or modeling data about the tank. This information is necessary for providing a
balanced assessment of the sampling and analytical results.

This appendix contains the following information:

° ~ction Al: Current status of the tank, including the current waste levels as
well = """ ‘tjon d° ‘Cation = s of the "

e  Section A2: Information about the design of e tank.

) Section A3: Process knowledge of the tank, that is, the waste transfer history
and the estimated contents of the tank based on modeling data. |

e  Section A4: Surveillance data for tank 241-AN-103, including surface-level
readings, temperatures, and a description of the waste surface based on
photographs.

e  Section AS: References for Appendix A.

Historical sampling results (results from samples obtained prior to 1989) are included in
Appendix B.

Al1.0 CURRENT TANK STATUS

As of March 31, 1997, tank 241-AN-103 contained an estimated 3615 kL (955 kgal) of waste
classified as double-shell slurry (Hanlon 1997). Liquid waste volumes are estimated using a
level measurement gauge. The solid waste volumes are estimated using a sludge level
measurement device. The solid waste volume was last updated on March 31, 1997. The
amounts of various waste phases in the tank are presented in Table Al-1.

Tank 241-AN-103 is categorized as sound and is actively ventilated. The tank is classified as

a concentrated waste holding tank. The tank is on the Hydrogen/Flammable Gas Watch List

(Hanlon 1997). All monitoring systems were in compliance with documented standards as of
larch 31, 1997 (Hanlon 1997).
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Tank 241-AN-103 has 22 risers ranging in diameter from 102 mm (4 in.) to 1.07 m (42 in.)
that provide access to the tank and 37 risers that provide access to the annulus. Table A2-1
shows numbers, diameters, and descriptions of the risers (annular risers are not included).
A plan view that depicts the riser configuration is shown as Figure A2-1. Risers 10A and
21A (each 102 mm [4 in.] in diameter) and risers 7B and 12A (each 305 mm [12 in.] in
diameter) are available for use in sampling (Lipnicki 1997). A tank cross-section showing
the approximate waste level along with a schematic of the tank equipment is in Figure A2-2.

A-5
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Figure A2-1. Riser Configuration for Tank 241-AN-103.
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recorded manu "’ once per week. The aver:- temperature of the MIT data is 38.3 °C
(101 °F), the minimum is 25.0 °C 7 °F), &. - e maximum is 43.9 °C (111 °F). The
maximum temperature on March 1u, 1997, wa: +2.8 °C (109 °F) on thermocouple 8, and
the minimum was 27.2 °C (81 °F) on thermocouples 20 and 22. Thermocouple 8 is located
in the waste, and thermocouples 20 and 22 are located in the vapor space.

A4.3 TANK 241-AN- )3 VIDEO
A video camera is located in riser SB. A video was recorded on February 27, 1996, that

shows a light, cream colored crust (Harding 1996). The crust is broken in some areas, and a
dark brown liquid can be seen underneath the chunks of crust.

A-18
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APPENDIX B

SAMPLING OF TAM . 241-AN-103

Appendix B provides sampling and analysis information for each known sampling event for
ta1  241-AN-103 and provides an assessment of the push core sample results.

e  Section Bl: Tank Sampling Overview

e  Section B2: Sampling Events
I'" 1996 Push Core Samples
1 1995 Vapor Phase Measurement
B2.3: Histori np

® Section B3: Assessment of Characterization Results
e  Section B4: References for Appendix B.

Future sampling of tank 241-AN-103 will be appended to the above list.

B1.0 TANK SAMPLING OVERVIEW

This section describes the September 1996 sampling and an: /sis events for tank
241-AN-103. Push core samples were taken to satisfy the requirements of the Tank Safety
Screening Data Quality Objective (Dukelow et al. 1995), and the Flammable Gas Safery
Program: Data Requirements for Core Sample Analysis Developed through the Data Quality
Objectives (DQO) Process (McDuffie and Johnson 1995). The sampling and analyses were
pe rmed in accordance with the Tank 241-AN-103 Push Mode Core Sampling and Analysis
Plan (Kruger 1996). In addition, the Organic Solvent Screening Issue (DOE-RL 1996,

Cash 1996a) and privatization LAW DQO (Jones and Wiemers 1996) apply to this tank.
Vapor samples to address the organic solvent screening DQO are scheduled to be obtained in
FY 1998. The Privatization LAW DQO has been applied since the 1996 push core sampling
event.

Samj ng and analytical requirements for tank 241-AN-103 are summarized in Table B1-1.
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quid portion of segment 4 was dropped and broken during the subsampling process, and the
sample was not retrievable.

Eighteen push mode core segments were removed from tank 241-AN-103 riser 21A

(core 167) between September 18, 1996, and September 23, 1996. Tank Farm Operations

were unsuccessful in obtaining segment 19 due to the high downforce encountered during

sampling. Segments were received by the 222-S Laboratory between September 23, 1996,

and September 30, 1996. Selected segments (10, 13, 16 and 18) were sampled using the
etained Gas Sampler and extruded by the Process Chemistry and Statistical Analysis Group.

ne delay between the field sampling and sample extrusion in the lab was about a month.
Solids were found throughout the convective layer, and these solids probably precipitated due
to cooling of the samples.

A field blank was provided to the 222-S Laboratory with core 166. It underwent the same
an; /sis as the drainable liquid as instructed by the TSAP (Kruger 1996).

Lithium bromide solution, used as hydrostatic head fluid during sampling, was provided to
the 222-S Laboratory with core 166. It underwent Inductively Coupled Plasma Spectroscopy
(ICP) and Ion Chromatography (IC) analyses as instructed by the TSAP (Kruger 1996).

Safety screening analyses include: total alpha to determine criticality, differential scanning
calorimetry (DSC) to ascertain the fuel energy value, and thermogravimetric analysis (TGA)
to obtain the total moisture content. In addition, combustible ~1s meter readings in the tank
headspace were performed to measure flammability.

Tank 241-AN-103 also was evaluated for the Flammable Gas Tank Safety Program. The
specified analyses include: DSC, TGA, bulk density, viscosity. void fraction, TIC, TOC,
ydroxide, formate, oxalate, ICP, IC, and radiochemistry.

B2.1. SAMPLE HANDLING

The push core samples were shipped to the 222-S Laboratory for subsampling and analysis.
Samples were assigned LABCORE numbers and were subjected to visual inspection for
color, clarity, and solids content. The radiation dose rate on contact was also measured.
The salt slurry samples were divided into upper and lower half-segments. The material was
homogenized and subsampled for laboratory analyses and archiving. Subsamples of each
half-segment were then recombined and subsampled for core composite analyses.

Tables B1-2a and B1-2b gives the subsampling scheme and sample description for core 166
and 167, respectively.
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Table B2-1a. Sample Receipt and Extrusion Information for Tank 241-AN

3, Core 166. (6 sheets)

;0-405 1y |9/17/96 19/26/96 |10/31/96 |19.0 0.0 216 Upper half |The solids were gray in
173 Lower half |color and resembled a
l salt slurry.
Notes:
n/a not applicable

i

Seg. segment

'Dates are provided in the mm/dd/yy format.
*Approximate inches extruded.

0 ‘A9 TOL-9F-WM-dS-dNH
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B2.1.2 SAM _E ANALYSIS

The analyses performed on the push core samples were limited to those required by the
safety screening DQO and the flammable gas DQO. The analyses required by the safety
screening DQO included analyses for thermal properties by DSC, moisture content by TGA,
and content of fissile material by total alpha activity analysis. The flammable gas DQO

~ required a full set of analytes to be analyzed by IC and ICP as well as TOC, TIC and
various radionuclides.

Differential scanning calorimetry and TGA were performed on 7.887-mg to 61.272-mg
samples. Quality control tests included performing the analyses in duplicate, and the use of
standards. Moisture content was also measured by a gravimetric method.

Total alpha activity measurements were performed on samples that had been fused in a

matrix of potassium hydroxide and then dissolved in acid. The resulting solution was then

dried on a counting planchet and counted in an alpha proportional counter. Quality control
inc : - o, - ’

Ion chromatography was performed on samples that had been prepared by water digestion.

Quality control tests included s« s, spikes, blanks, and duplicate analyses. The |

sampling and analysis plan (SAP) required that the full suite of IC analytes be measured. :
|

Inductively coupled plasma spectrometry was performed « samples that had been prepared
by a fusion procedure, followed by dissolution in acid. Quality control tests included
standards, blanks, spikes, and duplicate analyses. The SAP required that the full suite of
ICP elements be analyzed.

All reported analyses were performed 1 accordance with approved laboratory procedures.
A list of the sample numbers and applicable analyses is presented in Table B2-2. The sample
preparation procedure numbers and analysis procedure numbers are presented in Table B2-3.
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between 14.3 and 50.1. Relative percent differences greater than 30 percent were reported
for five of the sixty-three subsamples. Selected samples were reanalyzed. The reruns
resulted in RPDs of less than 30 percent. Several thermograms showed small sharp peaks.
These were the result of instrument vibration and were not used in the calculation of the
result. The standard recoveries for this analysis were within the required limits.

Eight segments were contaminated by the hydrostatic head fluid ;ee Tables B2-36 and B2-51
for the lithium and bromide results). The solid portion from four additional segments in the
convective layer showed contamination, but the liquid portion did not. Corrected TGA
results for the affected subsamples are listed in Table B2-20.

B2.1.3.10 ifferential Scanning Calorimetry. In a DSC analysis, heat absorbed or
emitted by a substance is measured while the temperature of the sample is heated at a
constant rate. Nitrogen is passed over the sample material to remove any gases being
released. The onset temperature for an endothermic or exothermic event is determined
graph’ - 'ly. ©  3C ar " s for tank 241-AN-103 were performed using either procedure
LA-514-113 on a Mettle, .SC 7" instrument or ‘dure LA-514-114 on a Perkin =™~ ™
DSC 7 instrument. ‘

One sample exceeded the safety screening DQO decision criteria threshold of 480 J/g (dry
weight basis). The lower half of segment 2 (solids) from core 167 had a sample result of
160 J/g and a duplicate of 586 J/g. Because the difference between the sample and duplicate
results was large (Relative Percent Di rence: 114 percent), the mple and duplicate were
reanalyzed and found to exhibit exotherms of 152.0 and 83.7 J/g, respectively. This sample
had the highest exother ¢ results for solids.  1e total organic carbon from this core was
2,440 pg/g. The highest individual sample exothermic results for liquids (dry weight basis)
was 268 J/g.

High RPDs (> 30 percent) were reported for twenty-seven of the sixty-one subsamples. The
RPDs can be attributed to the small exotherms and the heterogenous nature of the samples.
Thermograms for several subsamples showed small sharp peaks near 200 °C that indicated a
decomposition of a pure compound. The standard recoveries for this analysis were within
the required limits.

B2.1.3.11 Density and Specific Gravity. Density/specific gravity measurements were
performed on all subsegments. The subsegment-level results for salt slurry densities ranged
from 1.59 to 1.93 g/mL. The specific gravity measurements for the liquid samples ranged
from 1.34 to 1.54. The initial specific gravity measurements for the drainable liquid from
segment 6 of core 167 was 2.7 for the result and 2.8 for the duplicate. This sample was
rerun and the results were 1.462 for the result and 1.475 for the duplicate’. The statistical
analysis (Section B.4) was performed prior to the rerun. In the analysis, the specific gravity
measurement for the drainable liquid from core 166, segment 7 was substituted for the

3Electronic mail message from F. H. Steen, RFSH, June 17, 1997, "AN-103 DSC Results."
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...e variable S, is assumed to be a random effect. This variable, as well as A;, are assumed
to be uncorrelated and normally distributed with means zero and variances o*(S) and d*(A),
respectively. ~ timates of ¢*(S) and ¢*(A) were obtained using REML techniques. The
results using the REML techniques were obtained using the statistical ar ysis package
S-PLUS (Statistical Sciences, 1993). The df associated with the standard deviation of the
mean (a function of ¢*(S) and 6?(A)) is the number of samples minus one.

B3.4.2.2 nconvective ~ yer (Salt Slurry) and Crust

The data were statistically evaluated using two different models. The first model used a
nested analysis of variance with a riser term. The nested analysis of variance statistical
model use to ‘scribe the structure of e data is

Yiikl =upx+ R + Si_i + Lijk + Ai_ikl’

i=1,2,...,a;J=1,2,....b; k=1.2,...,¢c;;; 1=1,2,...,ny;

[k

where

Y = concentration from the I* analytical result from the k" location
from the j™ segment from the i" riser

n = the grand mean

R, = the effect of the i*" riser

S = the effect of the j* segment from the i riser

L = the effect of the k™ location from the j* segment from the
i"" riser

A = the effect of the I™ analytical result from the k™ location from
the j™ segment from the i* riser :

a = the number of risers

b, = the number of segments from the i* riser

C, = the number of locations from the j* segment from the i riser

Ny, = the number of analytical results from the k™ location from the j*

segment from the i* riser.

The variables R;, S;, and L, are assumed to be a random effects. These variables, as well
as A, are assumed to be uncorrelated and normally distributed with means zero and

variances o*(R), 0*(S), o*(L), and o’(A). respectively. Estimates of ¢*(R), o*(S), ¢*(L), and
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Snédecor, G. W., and W. G. Cochran, 1980, Sraristical Methods, 7Tth Edition, Iowa State
University Press, Ames, Iowa.

Statistical Sciences, Inc., 1993, S-PLUS Reference Manual, Version 3.2, StatSci, a division
of MathSoft, Inc., Seattle, Washington.

Steen, F. H., 1997, Tank 241-AN-103, Cores 166 and 167, Analytical Results for the Final
Report, HNF-SD-WM-DP-223, Rev. 0, Rust Federal Services of Hanford, Inc.,
Richland, Washington.

Toste, A. P., 1987, (untitled internal memorandum to W. G. Richmond, dated
September 25), Pacific Northwest Laboratory, Richland, Washington.
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APPENDIX C

STATISTICAL ANALYSIS FOR ISSUE ESOLUTION

Results of statisti ~ calculations re« ‘red by the safety screening DQO (Dukelow et al. 1995)
are documented in this appendix.

C1.0 § ATISTICS . DR SAT"Y SCREENING DQO

The safety screening DQO (Dukelow et al. 1995) defines acceptable decision confidence
limits in terms of one-sided 95 percent confidence intervals. In this appendix, one-sided
confidence limits supporting the safety screening DQO are calculated for tank 241-AN-103.
The data in this section are from the 1996 sampling event for tank 241-AN-103.

Confidence intervals were computed for each san le number from tank 241-AN-103
analytical data (Steen 1997). The upper limit (UL) of a one-sided 95 percent confidence
interval for the mean is

Bt Laoos T Op

In this equation, 4 is the arithmetic mean of the data, ¢; is the estimate of the standard
deviation of the mean, and tq, s iS the quantile from Student’s t distribution with df degrees
of freedom for a one-sided 95 percent confidence interval. For the tank 241-AN-103 data
(per sample number), df equals the number of observations minus one.

The upper limit of the 95 percent confidence interval was calculated for each subsample
which had DSC measurements. The upper limit for each sample number is listed in

Table C1.1. Each confidence interval can be used to make the following statement. If the
upper limit is less than 480 J/g dry. then one would reject the null hypothesis that DSC is
greater than or equal to 480 J/g dry at the 0.05 level of significance. All but one of the
upper limits were :ss than 480 J/g dry. The UL for Core 167, segment 7, drainable liquid
was 629 J/g. Therefore TOC analysis was required. TOC results were well below
notification limits. As a result, the high 95 percent CI value for DSC is not of concern.

The upper limit of the 95 percent confidence interval was calculated for each subsample
which had at least 50 percent of the reported total alpha data as quantitative values. The
sample numbers and the upper limit of the 95 percent confidence intervals are listed in
Table C1.2. Each confidence interval can be used to make the following statement. If the
upper limit 1s less than 61.5 uCi/mL or 34.9 uCi/g (conversion used the mean bulk density
of 1.76 g/mL observed for the sludge subsamples), then one would reject the null hypothesis
that total alpha is greater than or equal to 61.5 uCi/mL (or 34.9 uCi/g) at the 0.05 level of
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EVALUATION TO ESTABLISH BEST-BASIS INVENTORY FOR
DOUBLE-SHELL TANK 241-AN-103
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APPENDIX E

BIBLIOGRAPHY FOR TANK ~ 11-AN-103

Appendix E provides a bibliography of information that supports the characterization of
tank 241-AN-103. This bibliography represents an in-depth literature search of all known
information sources that provide sampling, analysis, surveillance, and modeling information,
as well as processing occurrences associated with tank 241-AN-103 and its respective waste

types.

The references in this bibliography are separated 11 ) three broad categories containing
referent . broken down into subgroups. ”~ ese categories and their subgroups  listed
below.

NON-ANALYTICAL DATA

Ia. Models/Waste Type Inventories/Campaign Information

Ib. Fill History/Waste Transfer Records

Ic. Surveillance/Tank Configuration

Id. Sample Planning/Tank Prioritization

Ie. Data Quality Objectives/Customers of Characterization Data

II. ANALY1 CAL DATA - SAMPLING OF TANK WASTE AND WASTE TYPES

Ila.  Sampling of tank 241-AN-103
IIb.  Sampling of 242-A Evaporator Streams

I COMBINED ANALYTICAL/NON-ANALYTICAL DATA

Illa. Inventories using both Campaign and Analytical Information (Best Estimate)
[1Ib. Compendium of Existing Physical and Chemical Documented Data Sources

This bibliography is broken down into the appropriate sections of material to use, with an
annotation at the end of each reference describing the information source. Where possible, a
reference is provided for information sources. A majority of the information listed below
may be found in the Westinghouse Hanford Company Tank Characterization and Safety
Resource Center.
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Data Quality Objectives (DQO) and Customers of Characterization Data

Cash, R. J., 1996a, » lication of "Flammable Gas Tank Safery Program:
Data Requirements for Core Sampling Analysis Developed through the
Data Quality Objectives Process”™ Rev. 2 (internal memorandum
79300-96-028 to S. J. Eberlein, July 12), Westinghouse Hanford
Company, Richland, Washington.

e  Contains flammable gas retained gas sampler requirements.

Cash, R. J., 1996b, Scope Increase of "Data Quality Objective to Support
Resolution of the Organic Complexant Safery ~ ue"” Rev. 2, (internal
memorandum 79300-96-029 to S. J. Eberlein, July 12), Westing|
Hanford Company, Richlas ~ Wa: ngton.

. Memorandum contains interim requirements for the Organic Solvents
1Ssue.

DOE-RL, 1996, Recommendation 93-5 Implementation 1 n,
DOE/RL-94-0001, Rev. 1, U.S. Department of Energy, Richland,
Washington.

Organic solvent description in the 93-5 implementation Plan.

Dukelow, G. T., J. W. Hunt, H. Babad, and J. E. Meacham, 1995, Tunk
Safery Screening Data Qualiry Objective,
WHC-SD-WM-SP-004, Rev. 2, Westinghouse Hanford Company,
Richland, Washington.

e  DQO used to determine if tanks are under safe operating conditions.

Jones, T. E., and K. D. Wiemers, 1996, Dara Requirements for TWRS
Privatizarion Characrerization of Potenrial Low Activity Wasre Feed,
WHC-SD-WA-SP-023, Rev. 0, Westinghouse Hanford Company,
Richland, Washington.

McDuffie, N. G., and G. D. Johnson, 1995, Flammable Gas Tank Safety
Program: -Data Requiremenis for Core Sample Analysis Developed
Through the Data Qualiry Objecrives (DQO) Process,
WHC-SD-WM-DQO-004, Rev. 2, Westinghouse Hanford Company,
Richland Washington.

. 'ocument provides data needs for evaluating the flammability issues in
the tank.
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Mulkey, C. H., and J. M. Jones, 1995, Double-Shell Tank System Waste
Analysis Plan, WHC-SD-WM-EV-053, Rev. 3, Westinghouse Hanford
Company, Richland, Washington.

e  Document describing requirements for double-shell tank analyses based
on the compatibility and safety screening DQO:s.

ANALYTICA DATA - SAMPLING OF TANK WASTE AND WASTE TYPES

IIa.

Sampling of tank 241-AN-103

Fow, C. L., 1987, Characterization of Waste from Double-Shell Tank AN-103,
7W21-87-1, Pacific Northwest Laboratory, Richland, Washington.

. Letter report containing rheological measurements from three samples
from tl 1986 push core  nple.

Harmon, H. D., 1991, Warch List for Tanks Which May Have Hydrogen
Buildup, (letter 9001478B R1 to Gerton R.E.,
February 8, 1991),Westinghouse Hanford Company, Richland,
Washington.

] Memorandum reports the results of the slurry growth study of actual
waste.

Jansky, M. T., 1984, Laborarory Supporr for Tank Farm Samples from Tanks
103 and 104 AN, (internal letter 6543-84-164 to P. J. Certa on July 2),
Rockwell Hanford Operations, Richland, Washington.

Mauss, B. M., 1987, Laborarory Work to be Performed on AN-103 Core
Sample, (internal memorandum 65453-87-024 to L. C. Stegen,
February 17), Rockwell Hanford Operation, Richland, Washington.

. Memorandum contains plans for the analysis of the 1986 push core
sample.

Mudge; K. L., 1987, Core Sample Resulrs 103-AN, (internal memorandum
65950-87-019 to K. W. Owens, January 12), Rockwell Hanford
Operation, Richland, Washington.

. Memorandum reports tank conditions during the 1986 core sampling.
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Prignano, A. L., 1988, Dissolution Study of Composite from Tank AN-103,
(internal memorandum 12221-PCL88-060 to Distribution, January 13),
Westinghouse Hanford Company, Richland, Washington.

e  Letter reports dissolution results of a waste composite from the 1986
push core sample.

Shekarriz, A., R. E. Bauer, D. R. Rector, N. S. Cannon, L. A. Mahoney,
B. E. Hey, M. A. Chieda, C. G. Linshooten, J. M.  es, F. J. Reitz,
and E. R. Siciliano, 1997, Composition and Quantities of Retained Gas
Measured in Hanford Waste Tanks 241-AW-101, A-101, AN-105,
AN-104, and AN-103, PNNL-11450, Rev. 1, Pacific Northwest
National Laboratory, Richland, Washington.

e  Document contains the measurements resulting from retained gas
sampling tanks.

Steen, F. H., 1997, Tank 241-AN-103, Cores 166 and 167, Analytical Results
Jor the Final Reporr, HNF-SD-WM-DP-223, Rev. 0, Westinghouse
Hanford Company, Richland, Washington.

e  Document contains sample analyses from 1996 tank 241-AN-103 core
sampling event.

Stewart, C. W., J. M. Alzheimer, M. E. Brewster, G. Chen, R. E. Mendoza,
H. C. Reid, C. L. Shepard, and G. Terrones, 1996, In Situ Rheology
and Gas Volume in Hanford Double-Shell Waste Tanks, PNNL-11296,
Pacific Northwest National Laboratory, Richland, Washington.

e Document presents the results from operating the ball rheometer and
void fraction instrument in Hanford Site waste tank 241-AN-103 and
“the other Flammable Gas Watch List Double-Shell Tanks.

Toste, A. P., 1987, (untitled), (external memorandum to W. G. Richmond,
September 25), Pacific Northwest Laboratory, Richland, Washington.

. Memorandum contains analytical data from the 1986 push core san le.
Wilkins, N. E., 1995, Results of Vapor Space Monitoring of Flammable Gas
Waich List Tanks, WHC-SD-WM-TI-682, Rev. 0A, Westinghouse
Hanford Company, Richland, Washington.

Document describing gas monitoring of double-shell tanks.
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Pontions, N. L, 1985, 242-A Evaporator/Crystallizer FY 1985 Campaign Run
85-2 Post Run Document, RHO-SD-WM-PL-020, Rockwell Hanford
Operations, Richland, Washington.

e  Contains historical data for tank 241-AN-103.
CON I DA ALYTICAL/NON-ANALY1 ZAL DATA
Ilfa. Inventories from Campaign and Analytical Information

Agnew, S. F., J. Boyer, R. A. Corbin, T. B. Duran, J. R. Fitzpatrick,
K. A. Jurgensen, T. P. Ortiz, and B. L. Young, 1997, Hanford Tank
Chemical and Radionuclide Inventories: HDW Rev. 4,
LA-UR-96-3860, Rev. O, Los Alan  National Lab:  ory,

Los Alamos, New Mexico.

e  Document contains waste type summaries as well as primary chemical
compound/analyte and radionuclide estimates for sludge, supernatant,
and solids.

Schmittroth, F. A., Inventories for Low-Level Tank Waste,
WHC-SD-WM-RPT-164, Rev. 0, Westinghouse Hanford Company,
Richland, Washington.

° Document contains a global inventory based on process knowledge and
radioactive decay estimations using ORIGEN2. Pu and U waste
contribution are taken at 1 percent of the amount used in processes.
Also compares information on Tc-99 from both ORIGEN? and
analytical data.

IIIb. Compendium of data from other sources phy.sical and chemical
Agnew, S. F. and J. G. Watkin, 1994, Estimation of Limiting Solubilities for
lonic Species in Hanford Waste Tank Supernates, LAUR-94-3590, Los

Alamos National Laboratory, Los Alamos, New Mexico.

° Document gives solubility ranges used for key chemical and
radionuclide components based on supernatant sample analyses.
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Husa, E. 1., 1993, Hanford Site Waste Storage Tank Information Notebook,
WHC-EP-0625, Westinghouse Hanford Company, Richland,
Washington.

e  Document contains in-tank photos as well as summaries on the tank
description, leak detection system, and tank status.

Husa, E. 1., 1995, Hanford Waste Tank Preliminary Dryness Evaluation,
WHC-SD-WM-TI-703, Rev. 0, Westinghouse Hanford Company,
Richland, Washinj Hn.

° Document gives assessment of relative dryness between tanks.

Ol 1, J., 1989, Electrochemical . AS537 = bon s.eel . u Scrub
Solutions For Corrosion Behavior -Preliminary Report, (letter
LET-011689 to D. A. Reynolds, January 16), Pacific Northwest
National Laboratory, Richland, Washington.

e  Letter presents the results from corrosion testing with scrub solutions
for corrosion behavior.

Prignano, A. L., 1987, Dissolution Properties of Composite From Tank
103-AN, RHO-SD-RE-TP-016, Rockwell Hanford Operation, Richland,
Washington.

Contains historical data for tank 241-AN-103.

Prignano, A. L., 1988, Dissolution Studv of Composite for Tank 103-AN,
(internal letter 12221-PCL88-060 to Distribution on January 13),
Westinghouse Hanford Corporation, Richland, Washington.

) Contains historical data for tank 241-AN-103.

Shelton, L. W., 1995a, Chemical and Radionclide Inventory for Single- and
Double-Shell Tanks, (internal memorandum 74A20-96-30 to
D. J. Washenfelder, February 28), Westinghouse Hanford Company,
Richland, Washington.

) Contains historical data for tank 241-AN-103.
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