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Executive Summary

This report documents an analysis performed by Pacific Northwest Laboratory (PNL) involving the

organic carbon laboratory measurement data for Hanford single-shell tanks (SSTs) obtained from a

review of the laboratory analytical data. This activity was undertaken at the request of Westinghouse

Hanford Company (WHC). The objective of this study is to provide a best-estimate, including confi-

dence levels, of total organic carbon (TOC) in each Of the 149 SSTs at Hanford. The TOC information

presented Jn this report is useful as part of the criteria to identify SSTs for additional measurements or

monitoring for the organic safety program.

Measured laboratory data were obtained for 75 of the 149 SSTs. The data represent a thorough

investigation of data from 223 tank characterization datasets, including core-sampling and process

laboratory data. Liquid and solid phase TOC values were investigated by examining selected tanks

with both reported TOC values in solid and liquid phases. Some relationships were noted, but there

was no clustering of data or sigluficance between the solid and liquid phases.

A methodology was developed for estimating the distribution and levels of TOC in SSTs using a
logarithmic scale and an analysis of wai'iance (ANOVA) technique. The methodology grouped tanks

according to waste type using the Sort On Radioactive Waste Type (SORWT) grouping method. The

SORWT model categorizes Hanford SSTs into groups of tanks expected to exhibit similar character-

istics based on major waste types and processing histories. The methodology makes use of laboratory

data for the particular tank and information about the SORWT group of which the tank is a member. If

the tank has no TOC laboratory data, known information about the SORWT group is used to infer the

TOC value in that tank. Recommendations for a simpler tank grouping strategy, based on organic
transfer records, were made.

Of the 149 SSTs, 59 had no TOC observations but did belong to a SORWT group with at least one

TOC observation, and 15 tanks had no TOC observations where the SORWT group had no TOC data.

A significant number (28) of the 75 tanks had only one TOC measurement. The laboratory data were
used to obtain best-estimates of TOC at 95 % confidence levels for all SSTs. Best-estimate TOC con-

centrations for each of the 149 SSTs are represented b) the wet (as-is) median values, as shown in

Table 4.10. The top ten tanks for the wet median basis are U-106, SX-103, U-105, U-107, U-!08,

U-109, U-102, S-101, S-103, and S-105. Two of these (U-106 and U-107) are on the original organic

watchlist. The laboratory data, which present the TOC estimates on a wet basis, are convened to a dry

basis to be consistent with the TOC criteria used in the organic safety program (Babad and Turner

1993). For comparison to TOC criteria of 5%, the dry mean TOC values are recommended (Table

4.13). The top ten tanks for the dry mean basis are C-103, T-104, U-106, SX-106, U-203, U-204, T-

102, U-105, U-201, and U-202. Three of these _ks (C-103, U-106, and SX-106) are on the original

organic watchlist. It should be noted that recent laboratory measurements and studies indicate that

previous measured high TOC values for T-104 are suspect because of measurement problems.
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The organic constituents of the Track Radioactive Components Code (TRAC) waste inventories

were also used to estimate organic concentrations in each of the SSTs. Inventories of six species were

taken as TOC contributors: oxalate, citrate, acetate, EDTA, HEDTA, and ferrocyanide. TRAC

organic waste concentrations were compared to the laboratory data when they were available, but no

correlation between the TRAC estimate and laboratory estimate was found.
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1.0 Introduction

Safety of Hanford single-shell tanks (SSTs) containing organic carbon is a concern because the car-

bon in the presence of oxidizers (NO3 or NO2) is combustible when sufficiently concentrated and

exposed to elevated temperatures. A propagating chemical reaction could potentially occur at high

temperature (above 200°C). The rapid increase in temperature and pressure within a tank might result
in the release of radioactive waste constituents to the environment (Fisher 1990).

WHC has placed nine tanks on the watchlist that collectively represents a Hanford Site high-level
waste storage tank "safety issue." Eight of the tanks are included on the watchlist based on inferred

TOC content > 3 wt % (dry basis) from limited data. Some of the tanks are on the watchlist because

TRAC data indicate organic levels above 3 %; others are on the list based on liquid sample TOC

measurement results. A ninth tank (C-103) is included because it has a floating organic layer (Babad

1993). The basis for the 3 wt% threshold is based on laboratory tests involving mixtures of sodium

acetate, sodium nitrate, and inert diluents (Fisher 1990). The nine tanks on the organic tanks Watch

List are: B-103, C-103, S-102, SX-106, TX-105, TX-118, U-106, U-107 and U-111. Approximately

11,000 metric tons (5 million pounds) of organic agents (principally complexing agents) are known to

have been disposed as waste to the SST system.

The purpose of this study is to gather available laboratory information about the organic carbon

waste inventories stored in the Hanford SSTs. Specifically, the major objectives of this investigation
are:

• Review laboratory analytical data and measurements for SST composite core and supernatant

samples for available organic data.

• Assess the correlation of organic carbon estimated utilizing the TRAC computer code

compared to laboratory measurements.

• From the laboratory analytical data, estimate the TOC content with confidence levels for each
of the 149 SSTs.

The laboratory information gathered in this report will be used to assess the TOC for each of the

SSTs. These estimates are to be used in a value of information (VOI) computerized risk assessment

model being developed for a Data Requirement Study (DRS) assessment for organics. Therefore, the

study must produce estimates for TOC and also some measure of uncertainty (standard deviations,
confidence bounds) so the distribution functions can be constructed. Results from the VOI risk

assessment model will be used to determine the best mitigation strategy for a tank, and to determine

which tanks might be of highest risk concern. But most importantly, the model can be used to

determine the value of obtaining better information about tank TOC. Use of the model will determine

whether or not it is worthwhile to sample TOC more precisely.
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TOC has been estimated at Hanford by using transfer records. From these records, one can deter-

mine what waste streams were directed into a specific tank, and it is conceptually an easy matter to use

this information to obtain a TOC estimate. A computer program (TRAC) makes estimates using this
strategy. However, the estimates can differ by orders of magnitude from measured results because the

transfer records are incomplete aild the transfer history of some tanks is very complex. One of the
objectives of this study is to assess TRAC estimates of TOC.

For this study, we produced estimates using tank sampling data. The data consist of a set of com-

piled recorded measurements taken during the past 15 years. This dataset consists of 223

measurements that were made on core and supernatant samples analyzed in both Hanford 222-S and

325 analytical laboratories. These measurements were assembled from various reports and are

tabulated in Appendix B of this report.

The measurements express concentration in terms of wet weight. To make the reported TOC val-

ues consistent with the risk calculations, a correction factor must be applied to the wet TOC values to

reduce them to dry weight. In this study, we first calculate estimates on a wet-weight basis and then

convert the estimates to dry weight. All of the results in this report, except where noted, are expressed
in wet-weight units.

At present, about half the SSTs are represented in the database, so direct estimates of TOC can

only be calculated for only half the tanks. To produce estimates for the unsampled tanks, a statistical

model is constructed to relate to unsampled tanks. A random-effects ANOVA model was used to esti-

mate TOC for unsampled tanks.

Since this dataset did not result from a designed experiment, the _,_easurements may contain sub-
stantial bias. At least two potential sources of bias could be eliminated if more information was

gathered. If the sample location (riser, depth) for each sample could be supplied, location biases could

be better defined, and if measurement method could be supplied, biases associated with the laboratory
procedure could be eliminated. The best-estimate TOC concentrations are based on the median

estimates. The selection of the median instead of the mean is based on the assumption that the

predominant contribution to within-tank variation is measurement error, and not spatial distribution.

These issues are discussed in Section 4 of this report.

In this report, following the background and scope discussions, the analyses results are described in
terms of laboratory data, TRAC results, ANOVA statistical model, and TOC estimates for all 149

SSTs using wet (median and mean) and dry (median and mean) basis. Probabilities of exceeding the
5% threshold value are also given. The 5 % threshold value is described in Babad and Turner (1993).

This material is described in Sections 4.1 through 4.8.
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2.0 Background

The Tank Waste Remediation System (TWRS) Program at Hanford is using the Data Requirements
Study (DRS) concept specifically to build a database of characterization data with an understanding of
its confidence level, using process knowledge and characterization data. Two methods of assessing the
organic carbon levels are investigated in this report: 1) the analysis of Variance (ANOVA) technique
and 2) TRAC inventories. The ANOVA technique groups tanks of similar waste type according to the
Sort on Radioactive Waste Type (SORWT) method.

The ANOVA technique utilizes laboratory data reporting TOC measurements as the sample exists
in the tank (i.e., wet basis, or with moisture present). However, the criteria for organic watchlist tanks
are on a dry basis (Babad and Turner 1993). Therefore, the ANOVA results are converted from a wet
to dry basis to be consistent with the organic safety watchlist criteria (see Section 4.6).

Westinghouse Hanford Company reviewed much of the historical TOC laboratory data and con-
ducted preliminary organic carbon assessments based on the TRAC inventory. Klem (1990) estimated
values of TOC for 47 SSTs, averaging laboratory values when multiple data were available.
Schulz (1980) reported on results of the organic complexant concentrations (wet basis) for the purpose
of understanding the effect of strontium removal in an ion exchange process. The Schulz results
indicated high levels of TOC, up to 10% TOC for tank number U-106. Crippen, in his 1991 letter (see
page 4.2 for title), summarized historical data for 49 SSTs based on TRAC inventories, on a dry basis.
Crippen's results indicated TOC levels up to 4.93% for tank number SX-106.

Fisher (1990) presented assessments for TOC of selected tanks based on laboratory values and
TRAC inventory estimates. Fisher identifies seven tanks that may contain explosive mixtures of
organic salts from the laboratory data and TRAC estimates, based on Schulz (1980). The laboratory
values are based on Schulz (1980), and the TRAC data are based on Jungfleisch (1984).

During the 1970s and 1980s there were many characterization studies made of the Hanford radio-
active waste and reports written documenting laboratory measurements of core and supernatant sam-
ples. The level of detail in the documents depended uPon the requirements for the measurement, the
number of cores or samples taken, and amount of core recovery. During the 1990s statistical evalu-
ation of the core samples was initiated to estimate spacial variability within the tanks. Species or
component-level data for the organic constituents were usually not measured or reported.

The TRAC waste characterization, developed in 1983, was based on process knowledge and tank
transfer records. The TRAC system was developed primarily for radionuclides, but chemical inven-
tories for 30 species are included. The only organic species inventoried in the TRAC dataset are
hydroxyacetate, oxalate, citrate, ethylenediaminetetraacetic acid (ETDA), and hydroxyethylene-
diaminetriacetic acid (HEDTA). The ferrocyanide inventory is also included in the TRAC database.
TRAC inventory assessments are made on a dry basis. The TRAC database has not been validated for
process chemicals. Estimates of process chemical inventories were input to the TRAC database, but
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there were no validation studies with laboratory analysis. In this report, the TOC laboratory meas-
urements are compared with TOC inventories calculated in the TRAC dataset to assess or validate
TRAC inventories with actual measurements.

The SORWT grouping technique was developed as a methodology to group tanks of similar radio-
active waste types (Hill et al. 1991). In the SORWT methodology, tanks are fit into families or groups
according to the types of wastes admired to the tanks. The resulting groups can be used to compare
tank properties within the same group. In this report, the organic carbon levels determined from labor-
atory measurements of tanks are grouped according to the SORWT families. Determination of the
organic carbon levels for all SSTs is based on available laboratory data and SORWT grouping.
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3.0 Scope

This report provides estimates of the organic carbon concentrations for the SST wastes by using
statistical evaluations applied to chemical analysis information gathered from tank report_. The labora-
tory data are collected from historical tank characterization information and process laboratory reports.
The laboratory measurements collected are used to estimate the median total organic carbon level in the
tank, and variation between and within tanks. Organic carbon levels of selected tanks without
laboratory measurements are estimated. These estimates are provided by comparing tanks of similar
waste types (SORWT groups).

This report also assesses the quality of organic constituent information in the TRAC inventory
database as it compares to measured total organic carbon concentrations in the SSTs. Historical infor-
mation about tank transfers is not directly included as a source of information in the determination of
TOC for this report. However, the SORWT grouping model does contain information pertaining to
waste types, volumes, and tank transfers (Hill 1991).

The laboratory data used in this report were obtained from two types of reports: characterization
reports and process laboratory documents. Characterization reports involved full laboratory analysis of
core samples and included multiple sample analysis. Laboratory procedures and standards were often
documented in the core report characterization studies. The core characterization reports were pre-
pared to provide detailed characterization of the tank in question.

Process laboratory analysis reports were the second important source of analytical information used
for total organic carbon. Process laboratory reports were prepared on many supernatant samples for
the purpose of gathering chemical information to identify certain characteristics of the tank. The
process laboratory reports often analyze for a few constituents that are important characteristics at the
time of the analysis, not a full detailed characterization of the tank. When organic carbon analysis was
reported, the TOC values were included in the laboratory measurement database.
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4.0 Results

In Section 4.1, the TRAC inventorydatasetis examined to identifypossible correlationsto the
laboratorydata. TRAC TOC values for both supernatantsand sludges are comparedto laboratory
data.

In orderto establisha basis for determininga best estimate of TOC for all tanks, a statistical model
is employed. To estimate the concentrationof TOC for all the SSTs where laboratorymeasurements
are available for a limited numberof the tanks, it is necessary to have a basis for establishing the dis-
tributionof TOC in all the tanks, and a basis for selecting the best estimate of TOC for all tanks.
Laboratoryresults are collected into a single dataset and analyzed using an Analysis of Variance
(ANOVA) statistical techr_;que.The ANOVA method applies distributionalassumptions to the entire
datasetto assess averagesand standarddeviations. To characterize the TOC tankswith similar waste
types, the SORWTgrouping technique was used in the ANOVA methodology. Conversion of the
ANOVA TOC results from a wet basis to a dry basis is required to be consistent with the organic
safety watchlist criteria.

Before evaluating the TRAC and ANOVA results, a brief overview of the data, shown in Appen-
dix B, would be useful so that the readercan develop a feeling for the "rawdata." The ANOVA
model results presented in the following sections also produce an accuratedescription of the raw data
but the reader may feel less comfortableusing them in this manner. Table 4.1 below gives a brief
summary of the distributionof TOC measurementsacross SSTs.

There is a significant number of SSTs with only one TOC measurement, 28 out of 75 tanks, and 74
tanks without a TOC measurementof any kind.

Table 4.1. Distributionof TOC Measurements Across Tanks

ii i i i i H iHi ii

Number of tanks without TOC measurements 74

Total number of tanks with TOC measurements 75
,ll,i ll,, i i

Number of tanks with 1 TOC measurements 28

Number of tanks with 2 TOC measurements 17

Number of tanks with 3 TOC measurements 12

Number of tanks with 4 TOC measurements 5

Number of tankswith 5 TOC measurements 3

Number of tanks with more than 5 TOC measurements 10
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4.1 TRAC Inventory System Applied to TOC Laboratory Data

The Hartford TRAC system estimates the inventory of stable chemical species and radionuclides

from process knowledge, storage tank transfers, and radiological degradation effects (Jungfieisch
1984). The TRAC dataset inventory estimated for 1990, first quarter, was used in the assessment of

total organic carbon in each of the SSTs. The inventories of six species that were taken as contributors
to TOC are oxalate, citrate, acetate, EDTA, HEDTA and ferrocyanide. The contributors to TOC

include all carbon contained in energetic constituents. Although the carbon contribution from ferrocya-
hide is inorganic, it is included in the TOC TRAC assessment because of its contribution to fuel content
in the tank.

A comparison of the TRAC assessments to laboratory-measured values indicates there is little cor-

relation between the two (correlation of fit value is only 4%, out of a possible 100% for liquids), as
shown in Figures 4.1 and 4.2 for liquids and solids, respectively. A correlation would be evident by a

linear pattern and none is apparent. The TOC laboratory data and TRAC data used in the figures are
shown in Tables 4.2 and 4.3. TRAC dataset values are on a wet basis.

The TOC results generated in this report using the TRAC database agree with the TRAC-generated

estimates provided by M. D. Crippen.(') The TOC estimates employing the TRAC dataset are sum-
marized for each tank in Table 4.6 (page 4.9), in descending order of percent TOC. Crippen used the
same organic constituents plus ferrocyanide to estimate the TOC values in the SSTs.

6.00

o 5.00 •

4.00
o

3.00 •

2.00

---,I .00 m • •.==_=_ • •• •
| ",F Jl ,| •

0.00 - i • , I ,

0 2 4 6 8 10 12

TRAC Estimated TOC, % C

Fixture 4.1. TRAC Versus Laboratory Measurement Data (Wet) for SelectedSSTs, Liquid Phase

(a) Letter, Crippen, M. D. to P. Hill, "Historical Data for Organic Tanks," Westinghouse Hanford
Company, November 20, 1991.
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Figure 4.2. TRAC Versus Laboratory Measurement Data (Wet) for Selected SSTs, Solid Phase

(Correlation of fit is 0.5% out of a possible 100%)

Table 4.2. Laboratory Values (Wet) Versus TRAC Estimates for Supernatant for Selected SSTs

Lab Reported Lab Reported
Tank TRAC % TOC Percent Tank TRAC % TOC Percent

A-101 0 0.40 C-103 1.51 0.55

A-101 0 0.84 C-104 0 0.87

A-102 11.54 0.49 C-105 6.26 0.23

A-102 11.54 0.53 C-106 0 0.19

A-102 11.54 0.96 (2-107 1.03 0.09

A-102 11.54 0.96 C-110 0 0.05

A-103 4.56 0.57 C-112 0 0.33

A-103 4.56 0.56 S-111 0.89 0.42

A-106 0 0.42 SX-101 0 0.24

AX-101 0 1.10 SX-104 2.43 0.25

AX-101 0 0.90 SX-104 2.43 0.33

AX-101 0 0.75 SX-106 5.02 5.03

AX-102 0 0.91 T-107 0 0.07
,,
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Table 4.2. (contd)

Lab Reported Lab Reported
Tank TRAC % TOC Percent Tank TRAC % TOC Percent

AX- 102 0 1.45 T-112 0 0.19

AX-103 2.3 2.80 TX-102 1.83 0.16

BX-104 0 0.48 TX--103 0.35 0.27
,i

BX-104 0 0.43 TX-105 7.00 0.87

BX- 105 11.07 0.71 TX- 106 0 0.43

BX- 105 11.07 0.76 TX- 109 2.75 0.67

BY- 102 1.65 0.15 TX-110 1.98 0.30

BY- 102 1.65 0.14 TX-111 0.5 0.46

BY-103 1.67 0.19 TX-112 0.02 0.27

BY- 105 1.84 0.20 TX-114 0 0.20

BY-105 1.84 0.22 TX-115 0 0.03

BY-106 1.13 0.22 TX-116 0 0.08

BY-106 1.13 0.21 TX-118 4.7 0.10

BY-107 1.13 0.31 TX-118 4.7 0.11

BY-109 1.72 0.32 TY-103 2.05 0.15

BY-109 1.72 0.34 TY-104 0 0.17

C-103 1.51 0.57 TY-100 0 0.16

C-103 1.51 0.57 TY-100 0 0.20

C-103 1.51 0.57 U-Ill 5.05 0.52

4.4



Table 4.3. Laboratory Data for Solids Versus TRAC Estimates for Solids for Selected SSTs

Tank Solid Wastes TRAC % TOC Lab Reported Percent TOC

A-102 0 0.72
,,.,

A-102 0 0.79
,,

A-103 0 0.80

A-103 0 0.77
,J

A-106 0 0.62

A-106 0 0.72

A-106 0 0.62

A-106 0 0.72

B-110 0 0.04

BX-104 0 0.18

BX-105 0 0.38

BX-105 0 0.18

C-103 0 0.39

C-103 0 0.26
, , , , ,,

C-104 0 0.44

C-105 0 0.10

C-106 0 0.08

C-106 0 0.46

C-112 6.69 0.58

SX-102 0 0.82

TY-101 0 0.07

TY-102 0 0.02

TY-103 0 0.07

TY-103 0 0.15

TY-104 0 0.09

TY-104 0 0.21

TY-104 0 0.28
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Table 4.3. (contd)

Tank Solid Wastes TRAC % TOC Lab Reported Percent TOC

TY-104 0 0.20

TY-105 0 0.08

TY-106 0 0.09

TY-106 0 0.25

TY-106 0 0.21

U-110 0 0.05

U-110 0 0.04

U-110 0 0.06

U-110 0 0.07

U-1 I0 0 0.05
, | H, i , , ,

U-110 0 0.04
i

U-110 0 0.11

U-110 0 0.11
i

U-105 0 2.80

4.2 Methodology of Statistical Evaluation

The tank data for which laboratory measurements exist can be used in assessing the concentration
of TOC for tanks where no data are available by comparing tanks containing similar wastes. All tanks

are classified according to the SORWT model as a methodology of grouping the tanks into similar
waste types (Hill and Simpson 1991).

Several variables, or factors, are present in the datasets that may help explain the distribution of

TOC measurements. The strategy is to include these factors in ANOVA models, so that the best pre-
dictive model can be constructed. Important factors that may affect TOC measurements are:

* type of waste measured (salt cake, liquid, sludge)

• tank 'SORWT' classification (tank group)

• Specific tank
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• Riser (horizontal) location of measurement

• Vertical location of measurement

• Laboratory measurement technique, or laboratory performing the analysis.

These factors could be used to produce many different ANOVA models, some that are quite com-

plex. To obtain a reasonable class of ANOVA models to fit to the data, we plotted the data and per-

formed some preliminary ANOVA analyses. The incompleteness of some information (primarily the

location of the sample within the tank) also limits the type of model that could be fit to the data.

Some general observations about the distribution of laboratory measurements by waste type of

liquids and solids (sludge + saltcake) are illustrated by the data in Table 4.4. Liquid measurements of

TOC represent about two-thirds of the dataset.

The number of tanks with TOC measurements above 3, 4, and 5 % TOC (wet basis) is provided in
Table 4.5.

To determine whether or not to include waste type (solid, liquid) in the ANOVA model, TOC

laboratory measurements of the two waste types, made on the same tank, and at the same time, are

compared in Figure 4.3. The results in the figure indicate little comparison between the type of waste

measure (liquid or sludge) and the TOC obtained.

The TOC estimates employing the TRAC dataset are summarized for each tank in Table 4.6, in

descending order of percent TOC.

Table 4.4. TOC Measurement Counts, Raw Data (Wet Basis)

..................

Liquids Solids Total
, ,,, ,

All Data 150 73 223

> 1 percent TOC 24 11 35

> 2 percent TOC 13 9 22

> 3 percent TOC 9 6 15
, .,,

> 4 percent TOC 6 3 9

> 5 percent TOC 6 2 8
, , ,, . , ,,
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Table 4.5. Distribution of TOC Measurement Values (Wet) Across Tanks

Ii i ii II iiI II i i i I i ii i i i i iii i

TOC Concentration, Number of
(wet wt%) Tanks Tank Identification

, i .....,, ,,,,

> 5% 4 A101, SX106, T104, C106
4-5 % 1 SX103

3-4 % 5 B202, TX118, C103, C105, C111
2-3 % 4 AX102, AX103, S102, Sill

ii i

1-2 % 6 A103, AX101, BXll2, BY104, Sll0, TY105
., i.,,,,, ,

< 1% 55 (All Others)
.............. ,,.,

AI01
0

C104

BX105
C103

,£o _ A103
ca A102(1)
:=
>m BX104

¢u .3105 A106
o " TY104 C106

TY103
I I I !

0.2 0.4 0.6 0.8

TOC values for solids (wet wt %)

Figure 4.3. Laboratory TOC Measurements (Wet) Versus Waste Type, Liquid or Solid, for Selected
SSTs

4.8



Table 4.6. Estimate of Percent TOC (Dry) for 149 Single-Shell Tanks According to the
TRAC Dataset, in Descending Order of TOC

I

Tank TOC, wt % Tank TOC, wt % Tank TOC, wt %

Total (dry.) .... Total (dry) Total (dry)

SX-106" 5.02 BY-102 0.23 B-204 0.00

TX-105* 4.94 B-108 0.21 BX-107 0.00
, Jl, ,i ,,, ,i .....

U-107" 4.81 C-107 0.20 C-106 0.00

C-112 4.27 B-106 0.18 C-201 0.00.........

C-109 3.52 C-108 0.16 C-202 0.00

B-103" 3.17 S-109 0.14 C-203 0.00
, | ,,. ,,

B-102 2.87 B-109 0.11 C-204 0.00
,., , ,,

TX-109 2.45 TX-102 0.07 S-104 0.00
,,.,

AX-103 2.30 U-102 0.07 S-105 0.00

A-103 2.27 S-106 0.03 SX-107 0.00

SX-105 2.07 BY-103 0.02 SX-108 0.00

BY-110 1.91 B-101 0.01 SX- 109 0.00

C-105 1.88 TX-112 0.01 SX-I 11 0.00

TX-110 1.87 T-108 0.01 SX-112 0.00
,, , u

BY- 105 1.84 BX-109 0.00 SX-113 0.00

BX- 105 1.73 BX-101 0.00 SX-114 0.00
,., ,,,

BX-110 1.72 B-111 0.00 SX-115 0.00

BX-111 1.71 TY-104 0.00 T-104 0.00
,,,,,,, ,= __

BY-108 1.70 BX-103 0.00 T-106 0.00
,,,, , ,

BY- 104 1.67 SX- 102 0.00 T-110 0.00
,,,,, ,,

B-112 1.60 BX-104 0.00 T-Ill 0.00

BY-I 11 1.46 SX-101 0.00 T-112 0.00

BX-102 1.43 B-107 0.00 T-201 0.00

BY- 107 1.30 T- 109 0.00 T-202 0.00

A-102 1.28 AX-101 0.00 T-203 0.00
, , ,,

TY-103 1.23 S-102" 0.00 T-204 0.00
,,,, , ,,,,,

T-101 1.18 TX-101 0.00 TX-106 0.00
, ,,,
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Table 4.6. (contd)

ii I i I Ill IpIll :: ii l I I I _ l

Tank TOC, wt % Tank TOC, wt % Tank TOC, wt %

Total _(dry! .Total (dry) .... Total (dry)

BY-106 1.14 C-101 0.00 TX-107 0.00

T-102 1.11 U-106* 0.00 TX-108 0.00
li ii i i i i i

BY-101 1.11 BX-108 0.00 TX-113 0.00
illii liill i

C-Ill 1.08 A-107 0.00 TX-114 0.00
_ i ii ii i l i

B-110 0.99 TX-104 0.00 TX-115 0.00
i iiiii

SX-103 0.72 A-105 0.00 TX-116 0.00
i

B-202 0.70 A-106 0.00 TX-117 0.00
iiiiii i i

S-Ill 0.69 SX-110 0.00 TY-101 0.00
)1 i ,.,,, i , ,,i

S-108 0.66 S-103" 0.00 TY-105 0.00
ii ii ii i

TX-118* 0.63 C-104 0.00 TY-106 0.00
iiiiiiii

BX-106 0.61 C-103 0.00 U-101 0.00

S-110 0.54 C-110 0.00 U-103 0.00

TY-102 0.49 AX-102 0.00 U-104 0.00
i iHIIII II J IIII IIIIIII II II

S-101 0.49 T-107 0.00 U-105 0.00
, ,,,., i

TX-111 0.45 BX-112 0.00 U-108 0.00

S-112 0.40 T-105 0.00 U-109 0.00

TX-103 0.35 C-102 0.00 U-110 0.00
i ,, ,, i p, ,

BY-I12 0.33 A-104 0.00 U-112 0.00
ii i iii mll

T-103 O.31 A-101 0.00 U-201 0.00

AX-104 0.30 B-104 0.00 U-202 0.00

U-Ill* 0.24 B-105 0.00 U-203 0.00
.,, ,.,, ,,i ,,,,l.,,,

BY-109 0.24 B-201 0.00 U-204 0.00

SX-104 0.23 B-203 0.00
, ............ , ,,.., . h ,,

* Original organic watchlist tank.
i IJm_ ]UIJI Ill l I : :: Ill[ i I L
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4.3 Relationship of TOC to Other Variables in the Dataset

Some important observations can be made about the data and present sources of skew which impact

the best estimates of TOC for each tank. The TOC measurements plotted against time indicate higher

laboratory measurements were obtained in the years prior to 1985. Figure 4.4 displays the laboratory

measurements according to when it was recorded. A quantitative documented basis why pre-1985

TOC data contain higher TOC values than post-1985 data could not be established. It should be noted

that the selection criteria for identifying which tanks to sample may have had an impact on the higher

TOC values in earlier years.

TOC measurement techniques were examined in an attempt to explain the pre-1985 TOC data. All

the TOC determinations used in the laboratory were based on oxidation of organics and detection of the

CO,, gas by either infrared (IR) or coulometric measurement systems. The IR system is very sensitive

with a limited dynamic range and requires large dilutions of the samples before analysis. One problem

with the system that would account for the larger values in earlier years is that the high sodium in the

samples is very detrimental to the furnace tubes. One of the problems with old data is that it did not

include any quality control information such as blanks, spikes standards or duplicates to determine if

the instrument was operating "properly." The high sensitivity and large dilutions required by this

method can magnify the effect of TOC contamination. Furnace oxidation systems also have the dis-

advantage that they produce other gases (NO x, SOz, etc.) which potentially could interfere in the

method if 1) they are not adequately trapped or 2) the IR detector selectivity is inadequate to differ-

entiate between CO2 and the other gas. Sometimes TOC is determined by the difference between the

total carbon (TC) and the total inorganic carbon (TIC): TOC = TC - TIC. This can result in addi-

tional errors caused by the difference of two large numbers.

Measurement method was investigated as an additional source of variance to see if a relationship

between measurement method and reported TOC concentration unit exists. This is summarized in

Table 4.7. A disproportionate number of high observations were reported in units of moles/L.

Although it does not seem to be coincidence, an explanation of this association was not found.
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Table 4.7. TOC (Wet) Observations and Measurement Units Reported

_' - _-- i ,,,, , ,,, ,,, , _ ,,,'l' ,,,,, ,,

Reporting Units % TOC < 2% % TOC > 2%
,,,,

gm/gm 9 3

gm/L 120 6

moles/L 13 7

ug/g 2 0

ugm/gm 28 0

wt% 30 5

4.4 Distributional Assumptions

ANOVA makes fairly specific assumptionsaboutthe distributionof the data(i.e., the effects are
normallydistributed,with constantvariance). While the violation of these assumptionsmay not
strongly affect some ANOVA results (for example the estimateof the mean), thedistributional assump-
tions are very important. To assign uncertaintiesto the tank estimates the distributionsimplied by the
ANOVA models should be accurately represented from the data available. In this analysis it is
assumed that all data, in each laboratory measurement, is weighted equally.

To examine the distribution of the data, Quantile-Quantile (Q-Q) plots of the TOC data were made.
For the TOC data, the Q-Q plot locates the data relative to its standard normal distribution. A normal
distribution is displayed as points following a straight line. Figure 4.5 displays a Q-Q plot of the TOC
data from the dataset. From the figure, it is apparent that the data is skewed, with a heavy left-hand
tail; the data does not seem to be normally distributed. Of course, this data contains several difference
sources of variability, in different amounts, and this may be causing the effects. To see if the data
could be made normal by a transformation, a Q-Q plot of the logged TOC data is given in Figure 4.6
and the plot, although not exactly linear, is much better with a correlation coefficient of 0.98. This Q-
Q plot gives a strong indication that logged TOC data would fit the normal-distribution assumptions of
ANOVA models much better than the unlogged data. Similar improved results are obtained by taking
the log of the components of Equation 4.1, indicating a log-normal distribution.

A log transformation can be explained further. The logged model produces positive values, while
the unlogged model allows the data to be negative, which is not possible for TOC data. Also, the log-
ged model extrapolates to large TOC values in a more conservative manner. Since most of the TOC
measurements in the tank are fairly low (i.e., much less than 5%), the logged models will assign higher
variabilities to large values than an unlogged model would. (In a logged ANOVA model, the standard
deviations will be proportional to the mean, but in unlogged models, the standard deviations are con-
stant). Therefore, a logged model should produce more conservative prediction intervals than an
unlogged model.
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The distribution of the effects (on the unlogged) scale are also skewed, with a heavy right-hand dis-
tribution. Since distributions with heavy right-hand tails will give more comervative exceedanc¢ prob-

abilities than symmetric distributions, this aspect of the log transformation produces conservative

estimates. It is important to note that since the distributions are skewed, the ANOVA estimates being
produced (on the unlogged scale) are no longer best estimates for distribution means; The ANOVA

estimates are best estimates for distribution medians. Taking the exponential value of the mean

logarithm TOC transforms the value into the median TOC. However, taking the exponemial value of
the sum of the mean logarithm TOC plus an error correction term transforms the value into the mean

TOC. This is shown in equations 4.2 through 4.5.

cO

O

e"

OJ •

Q • • oeeo_

I I I I I

-3 -2 -1 0 1 2 3

Quantiles of Standard Normal Distribution

Figure 4.5. Q-Q Plot of Untramformed Laboratory Toe Measurements
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Figure 4.6. Q-Q Plot of the Logarithm of the Laboratory TOC Measurements

4.5 Factors Included in the ANOVA Analysis

In the TOC data, the sample was classified as a sludge, saltcake, or liquid sample. Since no direct
correlationbetween solid and liquid values was found, as shown in Section 4.2, a waste type term was
not includedin the ANOVA technique.

The SORWT model groups tanks of similar waste type. The SORWTgroup was evaluated to
identify if it was a significant factor. Plots of TOC verses SORWT group did not indicate that SORWT
group was highly correlated with TOC, but it was apparent that a relationship existed. A simple
ANOVA fit confirmed that SORWT group is a significant factor, so it was included in the ANOVA
model.

As a result, the ANOVA model utilized was:

log(TOCijk)= u + Gt + T,j + EUk (4.1)
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where exp(u) is the median TOC value for all Hanford waste, exp(u +G_)is the median TOC value for

the SORWT group i, the term exp(u+G_+Tu) is the median TOC in tank ij, and the term EUkrepresents
the within tank variability. The ANOVA model does not explicitly treat the spatial distribution or lab-

oratory measurement error directly. These two effects are included in the Eijkterm of the ANOVA
model which represent the residual error term. The ANOVA results produce standard errors (standard
deviations) for all the estimates used in the above formula, so it is possible to calculate an uncertainty
associated with the tank estimate. The ANOVA model produces estimates for the variability associated
with each effect.

The ANOVA results can be used to assess the wet basis TOC for each tank. If the particular tank
of interest is represented in the dataset, then one can consider the following estimates for TOC content;

Median TOC Content in Tank ij = exp(u + G_ + TU) (4.2)

or, if the mean is desired,

Mean TOC content in the tank ij = exp(u + Gi + TU+ 0.5 02) (4.3)

where trE = standard deviation of residuals E.

If the tank is not present in the dataset, but is known to be a member of SORWT group i, then the
best estimate for its contents are

Median TOC Content in Tank ij = exp(u + G_) (4.4)

or, if the mean is desired,

Mean TOC content in the Tank ij - exp[u . G_ + 0.5 * (tr2 . a2)] (4.5)

where aT is the standard deviation for the tank-to-tank factor T and trErepresents the standard deviation
for the residuals term.
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The median is used to provide a best estimate of TOC for all the tanks. The decision to select the

median as a best estimate for TOC is based on the assumption that the residuals error term is based on

measurement error as the key contributor. The mean value would be a better assessment of the TOC if

the spatial distributions within the tank are a greater contributor to error than the measurement error.

The ANOVA model described in Equation 4.1 is a random effects model. That is, the terms G(i)

and T(ij) are assumed to be normally distributed random variables. The assumption that these terms

are random effects provides enough information to allow us to estimate TOC in tanks with no measure-

ments. The alternative to this assumption would be to assume that these terms are fixed effects: i.e.,

the terms G(i) and T(ij) represent unknown parameters that must be estimated from the data. If this

perspective would be adopted, then nothing could be assumed about unsampled tanks, but the ANOVA

fit will produce a description of the data using less modeling assumptions. The random effects model
used to assess the TOC in each tank utilizes the characteristic information known about the tanks. The

tank estimates tend to be shrunk towards the group means.

4.6 Conversion of TOC to Dry Basis

To be consistent with the organic safety watchlist criteria, the TOC assessments from the ANOVA

model must be converted to a dry basis. The conversion utilized the ANOVA TOC assessment values

and information from the Westinghouse Hanford Company Tank Waste Surveillance reports

(Hanlon 1993). The total inventory of organic carbon is calculated using the following equation:

T_j(toc)= % TOC(wet) * M(tank) (4.6)

where T U(toc)= total amount of organic carbon in the tank ij.

% TOC(wet) = % TOC from ANOVA analysis

M (tank) = total mass of the tank inventory, (kg), from Tank Farm Surveillance report.

The dry basis mass for the SSTs is determined by knowing the volume of sludge and saltcake in

each tank. It is assumed 60% of the sludge volume is water, and 40% of the saltcake volume is water.

Therefore, the following equation is used to estimate the dry volume is each tank:

V(dry) = 0.4 * (sludge volume) + 0.6 * (saltcake volume) (4.7)

where V(dry) = dry volume of tank, thousand gallon.
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The V(dry) is converted to M(dry), dry mass assuming an overall density of 1.3 gm/cubic
centimeter.

The Dry Basis TOC is calculated using the following ratio:

Percent dry basis TOC = 100 * T(ij) (toc)/ M(dry) (4.8)

The wet-to-dry correction factor is calculated as follows:

Cwm _ TOC (dry basis) (4.9)TOC (wet basis)

The correction factors for all tanks are provided in Table A.4 in Appendix A.

4.7 Results of Fits to TOC Data

The combined data consists of 223 measurements on 75 tanks. Most tanks in the dataset have more

than two TOC measurements associated with them, but a few (18) have more than 4. The most heavily
sampled tank in the dataset is A-101, with 17 TOC measurements. Although SORWT grouping is used
in this analyses, it is not ideal. There are too many SORWT groups with data on only one tank (14).
Plus some of the tanks with data are ungrouped.

The ANOVA fit produces estimates for all three dataset alternatives using the model parameters
listed in Table 4.8. These estimates apply to a logged scale, so the sigma estimates are converted to
unlogged relative standard deviations (RSDs).

The tables give us important information about how good the SOR'WTgrouping is in predicting
TOC content in a tank. If SORWT grouping were highly effective, the between group standard devia-
tion would be much larger than the other two sources of variability, between tank and within tank
standard deviation. One can see that this is definitely not the case; in fact, within tank variability is the
largest source of variability for the entire dataset. This will have important implications for an efficient
estimation formula for tank TOC content. Since an individual tank measurement displays so much
variability, it is most efficient to use information about the group to estimate what is in an individual
tank. In fact, this is just what the ANOVA does.

Best estimates for each SORWT group using the ANOVA method are provided in Table 4.9.

The estimators for tank TOC that the ANOVA logarithmic model produces are weighted averages
of the overall mean, the group mean, and the tank mean (on the scale). This causes the estimate to be

4.18



weighted towards the overall group mean. The amount of weighting towards the overall mean, or
shrinkage, is displayed by the estimator and reflects the variabilities present in each the tank's data.
Figures 4.7, 4.8, and 4.9 represent how the estimates for each group u + Gt and each tank u + G_ +
Tijare shrunk towards the mean for both data.sets. In these figures, the solid dots represent the
laboratory measurements associated with the tank, the "f" represents the fixed effect tank estimate, and
the circle the random effects estimate, and finally the vertical line the group estimate. From this plot,
one can see how much the random effects estimate is shrunk towards the group mean. For a tank like
S110, with only one laboratory measurement, we can see that the shrinkage is substantial; for a tank
like A101 with 17 laboratory measurements, the shrinkage is very small.

Table 4.10 presents the best estimate TOC values for all 149 SSTs (median estimates, wet basis).
Table 4.11 presents mean estimates for each tank on a wet basis. Table 4.12 and 4.13 present median
and mean results for each SST on a dry basis. Tanks without a SORWT group listed indicate the tank
is ungrouped. The logarithm values are included in these tables for use by other organic analyses and
follow-on studies.

The fits produced on Table4.10 are used to give best estimates of the average dry weight TOC
concentrationsin each SST. To obtainsuch an estimate, two correctionfactors must be used. First,
the median result must be transformedto mean estimates. Secondly, the estimate must be transformed
to dry weight units. Both of these corrections involve a multiplicationby a correctionfactor.

The correction factor for transforming the median estimate to an average is given by:

1 2

._ tr_ = 1.85 if the tank has been sampled

Iexp ._ aG+tr2 +tr = 2.50 if neither the tank nor the group it belongs to was sampled

exp _ ar +tr = 2.40 if the tank was not sampled but is a member of a SORWT group
which was sampled

The wet median and mean TOC values are transformed to a dry basis by multiplying the values by
the wet to dry correction factor provided in Table A.4 in Appendix A.
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Table 4.8. Estimates of ANOVA Model Parameters (logged) for the Laboratory Dataset

, , , , , ,

Parameter Estimate SD(a,(estimate) RSD

Mean, u -1.137 0.019 NA

Between Group Standard 0.080 0.143 0.080
Deviation (SD) G_

,

Between Tank SD TU 0.519 0.210 0.556

Within Tank SD EE_jk 1.232 0. 140 1.887
,

(a) SD = Standard Deviation.
r , , , , r , I ,,

Table 4.9. Best Estimates for Each SORWT Group (wet% weight)

SORWT Group /J+ G_ Median Mean
1 -0.93 4- 0.22 0.40 0.44
2 -1.22 4- 0.26 0.29 0.34
3 -1.14 4- 0.27 0.32 0.37
4 -l.ll 4- 0.27 0.33 0.38
5 -1.19 4- 0.29 0.30 0.35
6 -I.144-0.30 0.32 0.37
7 -0.965:0.27 0.38 0.44
8 -I.194-0.29 0.30 0.35
9 -0.904-0.25 0.41 0.46
i0 -0.994-0.30 0.37 0.43
Ii -1.274-0.30 0.28 0.33
12 -l.lO4-0.30 0.33 0.39
13 -I.164-0.31 0.31 0.37
14 -1.164-0.31 0.31 0.37
15 -1.234-0.31 0.29 0.34
16 -1.084-0.31 0.34 0.40
17 -1.314-0.30 0.27 0.31
19 -1.224-0.31 0.30 0.35
21 -1.184-0.29 0.31 0.36
22 -I.164-0.29 0.31 0.36
23 -1.124-0.28 0.32 0.37
24 -1.204-0.29 0.30 0.35
25 -1.194-0.29 0.30 0.35
26 -1.154-0.30 0.32 0.37
27 -1.304-0.28 0.27 0.31
28 -0.934-0.29 0.39 0.45
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Lognormal Model Fit
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Figure 4.7. Estimated Effects (Wet Data) from ANOVA Model
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Lognormal Model Fit
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Figure 4.8. Estimated Effects (Wet Data) from ANOVA Model (continued)

4.22



Lognormal Model Fit
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Figure 4.9. Estimated Effects (Wet Data) from ANOVA Model (continued)
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Table 4.10. TOC Wet Units, Median Estimate

-- r i .,,,,, , , ,, ,, , ,, , , ,,,, r ,,,i , ' tl

Tank SORWT Mean Log $D Log Median TOC 95 % Confidence
Number TOC TOC wet % Limit

SX106* 1 0,08 0.45 1,09 2.27

Al01 9 0.06 0.25 1.06 1.61
if, , ,, , ,

U106* 7 0,01 0.63 1.01 2.86

U105 10 .0.02 0.56 0.98 2.44

AX102 28 -0.17 0.5 0.85 1.91
.....................

T104 30 -0,17 0.49 0.84 1.88
-- , f,, , , , ,, ............

SX103 1 -0.2 0,62 0.82 2.28
, , , ,,,,, , i ,,,,,,,.,., .,,.,, ,, HI

UI03 7 .0.33 0.55 0.72 1.78
i i ,

Sl02* I -0.34 0.54 0.71 1.74

AXI03 28 -0.38 0.45 0.68 1.44
u,.,,,,, i,.i , ,..,,,

AXl01 9 .0.4 0.42 0.67 1.33
,,,i., ,fl

Ulll* 7 -0.42 0.49 0.66 1.48
-- L i ii i i i,.,,,,,

Al03 9 .0.5 0.35 0.61 1.08
,ll i i i i i i,, , ,i H ,,

BYI04 3 .0.62 0.55 0.54 1.33

S110 16 -0.69 0.64 0.5 1.44

TXI05* I -0.69 0.62 0.5 1.4

SXI02 1 -0.71 0.62 0.49 1.37

CI03" 23 -0.72 0.33 0.49 0.85
,h ,,,, , ,, , ,,m,

Sl07 I -0.74 0.41 0.48 0.94

Sill I -0.81 0.39 0.45 0.84

BXll2 12 -0.86 0.56 0.42 1.06

C104 30 -0.86 0.55 .....0.42 1.04

Cll2 8 -0.88 0.5 0.41 0.93

TXI06 I -0.9 0.62 0.41 1.13
_

Sl01 l -0.93 0.75 0.4 1.36

SI03 l -0.93 0.75 0.4 1.36
,,=.,

SI05 l -0.93 0.75 0.4 1.36

SI06 l -0.93 0.75 0.4 1.36

$I08 I -0.93 0.75 0.4 1.36
L ,,,, , ,,m. ,,,,, ,

S112 l -0.93 0.75 0.4 1.36

SXI05 l -0.93 0.75 0.4 1.36

TXI04 I -0.93 0.75 0.4 1.36

TXI07 I -0.93 0.75 0.4 1.36

BXI05 4 -0.93 0.45 0.39 0.83-- ,, ....
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Table 4.10. (contd)

i

Tank SORWT Mean Log SD Log Median TOC 95% Confidence
Number TOC TOC wet % Limit

, i ,,,,,, i i |l i, i ,,,,, i ii , ,, |,,,1,1

T204 5 -0.95 0.64 0.39 1.1

U102 7 -0.96 0.77 0.38 1.36
i, i ii L , ,,i , ,

TX108 22 -0.97 0.64 0.38 1.08
,ll iHi i i i H ,,,,,, i i, ,

TX109 2 -0.98 0.63 0.38 1.06
ii i i ,i ,,l, i i i , f , ,

BX104 4 -0.98 0.39 0.37 0.71

U107* 10 -0.99 0.78 0.37 1.35

U108 10 -0.99 0.78 0.37 1.35
HHi ,, i i H ii .,,, i, , ,

U109 10 -0.99 0.78 0.37 1.35

SX110 16 -1.08 0.78 0.34 1.23

SXlll 16 -1.08 0.78 0.34 1.23

SXl14 16 -1.08 0.78 0.34 1.23

TX110 2 -1.08 0.49 0.34 0.76

SX107 6 -1.08 0.64 0.34 0.97
, i ,i i i ,

TXlll 2 -1.09 0.63 0.34 0.95

BX106 4 -1.11 0.63 0.33 0.94

BX101 4 -1.11 0.77 0.33 1.17

BX102 4 -1.11 0.77 0.33 1.17

BX103 4 -1.11 0.77 0.33 1.17

C101 4 -1.11 0.77 0.33 1.17

BXlll 24 -1.12 0.64 0.33 0.94

BY109 21 -1.12 0.5 0.33 0.74

A104 30 -1.14 0.79 0.32 1.17

A105 30 -1.14 0.79 0.32 1.17

AX104 30 -1.14 0.79 0.32 1.17

B101 18 -1.14 0.79 0.32 1.17

B102 18 -1.14 0.79 0.32 1.17

B103* 18 -1.14 0.79 0.32 1.17

B104 30 -1.14 0.79 0.32 1.17

SX113 29 -1.14 0.79 0.32 1.17

T109 26 -1.14 0.79 0.32 1.17

TX101 30 -1.14 0.79 0.32 1.17

U104 29 -1.14 0.79 0.32 1.17

U112 30 -1.14 0.79 0.32 1.17

U201 20 -1.14 0.79 0.32 1.17
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Table 4.10. (contd)

Tank SORWT Mean Log SD Log Median TOC 95 % Confidence
Number TOC TOC wet % Limit

TX 113 2 -1.22 0.77 0.29 1.04

TXl17 2 -1.22 0.77 0.29 1.04
i i ,,, i ,,,,, ,, ,,=,,,.

TX102 1 -1.23 0.49 0.29 0.65

Blll 15 -1.23 0.78 0.29 1.06
,i ,,,,H ,,,,, , ,,,

Bl12 15 -1.23 0.78 0.29 1.06

A102 9 -1.23 0.28 0.29 0.46

TX103 26 -1.23 0.5 0.29 0.66

S104 6 -1.24 0.64 0.29 0.83

TX112 2 -1.25 0.63 0.29 0.81

B106 11 -1.27 0.78 0.28 1.01

B107 12 -1.27 0.78 0.28 1.01

B108 12 -1.27 0.78 0.28 1.01

B109 12 -1.27 0.78 0.28 1.01

BX108 4 -1.27 0.78 0.28 1.01

T108 11 -1.27 0.78 0.28 1.01

C201 13 -1.28 0.64 6.28 0.8
Ill

SX104 1 -1.28 0.49 0.28 0.62

BY103 3 -1.29 0.63 0.27 0.78

Tl12 14 -1.31 0.64 0.27 0.78

T105 17 -1.31 0.78 0.27 0.97

T106 17 -1.31 0.78 0.27 0.97

TY104 27 -I .32 0.33 0.27 0.46

BY106 3 -1.32 0.55 0.27 0.66

BY105 3 -1.33 0.55 0.26 0.65

TX114 2 -1.34 0.63 0.26 0.74

SX101 1 -1.36 0.45 0.26 0.54

B202 5 -1.44 0.55 0.24 0.59

C106 23 -1.45 0.45 0.23 0.49

TX118" 22 -1.47 0.37 0.23 0.42

C105 30 -1.5 0.55 0.22 0.55

BY102 21 -1.51 0.55 0.22 0.55

B204 5 -1.51 0.64 0.22 0.63

TY106 25 -1.52 0.5 0.22 0.5
,,,, ,., ,,. ,

C107 30 -1.54 0.63 0.21 0.6
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Table 4.10. (contd)

Tank SORWT Mean Log SD Log Median TOC 95 % Confidence
Number TOC TOC wet % Limit

- , ..... , , ,, , ,j , , ,, ,,, ,,

$109 1 -1.58 0.49 0.21 0,46
-- ,,, l L L I""' i,,

TXll6 2 -1.61 0.63 0.2 0.57-- ,,,,,,,

BXI07 ll -1.63 0.55 0.2 0.49
,H ........

BXll0 24 -1.66 0.5 0.19 0.43

T101 19 -1.74 0.64 0.18 0.5

C110 11 -1.76 0.64 0.17 0.49

TY102 2 -1.77 0.55 0.17 0.42

Bl10 15 -1.83 0.64 0.16 0.46

T107 8 -1.85 0.55 0.16 0.39

TXl15 7 -1.96 0.55 0.14 0.35

TY101 30 -2.16 0.55 0.12 0.28

TY103 27 -2.3 0.42 0.1 0.2

Ul10 17 -2.44 0.35 0.09 0.16

* Original watchlist tanks.
IlllI IL Iiiirllli i mF
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Table 4.11. TOC Wet Units, Mean Estimate

SORWT Mean Log SD Log Mean TOC 95 % Confidence
Tank Number TOC TOC wet % Limit

SX106* 1 0.08 0.45 2.01 4.2

A101 9 0.06 0.25 1.97 2.99
ii

U106* 7 0.01 0.63 1.86 5.29

U105 10 -0.02 0.56 1.81 4.52

AX102 28 -0.17 0.5 1.57 3.54
i i

T104 30 -0.17 0.49 1.56 3.49

SX103 1 -0.2 0.62 1.52 4.23

U103 7 -0.33 0.55 1.33 3.3

S102" 1 -0.34 0.54 1.32 3.22

AX103 28 -0.38 0.45 1.27 2.67

AX101 9 -0.4 0.42 1.24 2.46

U111" 7 -0.42 0.49 1.22 2.74

A103 9 -0.5 0.35 1.13 2

BY104 3 -0.62 0.55 1 2.47

S101 1 -0.93 0.75 0.95 3.28

S103 1 -0.93 0.75 0.95 3.28

S105 1 -0.93 0.75 0.95 3.28

S106 1 -0.93 0.75 0.95 3.28

S108 1 -0.93 0.75 0.95 3.28

Sl12 1 -0.93 0.75 0.95 3.28

SX105 1 -0.93 0.75 0.95 3.28

TX104 1 -0.93 0.75 0.95 3.28
i i

TX107 1 -0.93 0.75 0.95 3.28

S110 16 -0.69 0.64 0.93 2.66

TX105 1 -0.69 0.62 0.93 2.58

U102 7 .-0.96 0.77 0.92 3.26

SX102 1 -0.71 0.62 0.91 2.53

C103" 23 -0.72 0.33 0.91 1.57

U107* 10 -0.99 0.78 0.89 3.23

U108 10 -0.99 0.78 0.89 3.23

U109 10 -0.99 0.78 0.89 3.23

S107 1 -0.74 0.41 0.88 1.74

Sill 1 "- -0.81 0.39 0.82 1.56

SXll0 16 -1.08 0.78 0.82 2.96
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Table 4.11. (contd)

lllll, i i i

SORWT Mean Log SD Log Mean TOC 95 % Confidence
Tank Number TOC TOC wet % Limit

i

SXI I I 16 -I .08 0.78 0.82 2.96

SXII4 16 -1.08 0.78 0.82 2.96

AI04 30 -I. 14 0.79 0.8 2.92
i

AI05 30 -I. 14 0.79 0.8 2.92
i

AX104 30 -1.14 0.79 0.8 2.92
,ll

B101 18 -1.14 0.79 0.8 2.92
i

B102 18 -1.14 0.79 0.8 2.92
i

B103* 18 -1.14 0.79 0.8 2.92

B104 30 -1.14 0.79 0.8 2.92
i

SX113 29 -1.14 0.79 0.8 2.92
i

TX101 30 -1.14 0.79 0.8 2.92

U104 29 -1.14 0.79 0.8 2.92
i

Ul12 30 -1.14 0.79 0.8 2.92

U201 20 -1.14 0.79 0.8 2.92

U202 20 -1.14 0.79 0.8 2.92

U203 20 - 1.14 0.79 O.8 2.92

U204 30 -1.14 0.']9 0.8 2.92

BX101 4 -1.11 0.77 0.79 2.81
i

BX102 4 -1.11 0.77 0.79 2.81

BX103 4 -1.11 0.77 0.79 2.81

C101 4 -1.11 0.77 0.79 2.81

BX112 12 -0.86 0.56 0.78 1.95

C104 30 -0.86 0.55 0.78 1.93

T109 26 -1.14 0.79 0.77 2.81
i

Cl12 8 -0.88 0.5 0.77 1.73
i

SX108 6 -I. 14 0.78 0.77 2.76

SXI09 6 -I. 14 0.78 0.77 2.76

SXII2 6 -1.14 0.78 0.77 2.76

SXII5 6 -1.14 0.78 0.77 2.76

UI01 6 -I. 14 0.78 0.77 2.76

C202 13 -I. 16 0.78 0.76 2.74

C203 13 -I. 16 0.78 0.76 2.74

C204 13 -1.16 0.78 0.76 2.74

TII0 14 -I.16 0.78 0.75 2.73
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Table 4.11. (contd)

i i i

SORWT Mean Log SD Log Mean TOC 95% Confidence
Tank Number TOC TOC wet % Limit

Tlll 14 -1.16 0.78 0.75 2.73

TX106 1 -0.9 0.62 0.75 2.09

B201 5 -1.19 0.78 0.73 2.62
i i

B203 5 - 1.19 0.78 0.73 2.62

T201 5 -1.19 0.78 0.73 2.62
i

T202 5 -1.19 0.78 0.73 2.62
i

T203 5 -1.19 0.78 0.73 2.62

BY101 3 -1.19 0.78 0.73 2.62

BY108 3 -1.19 0.78 0.73 2.62

BY110 3 -1.19 0.78 0.73 2.62

BY111 8 -1.19 0.78 0.73 2.62

BYl12 8 -1.19 0.78 0.73 2.62

C108 8 -1.19 0.78 0.73 2.62

C109 8 -1.19 0.78 0.73 2.62

Clll 8 -1.19 0.78 0.73 2.62
,, i i

BX105 4 -0.93 0.45 0.73 1.53

T204 5 -0.95 0.64 0.71 2.04

T102 19 -1.22 0.78 0.71 2.58

T103 19 -1.22 0.78 0.71 2.58

B105 2 -1.22 0.77 0.71 2.49

TXl13 2 -1.22 0.77 0.71 2.49

TXl17 2 -1.22 0.77 0.71 2.49

TX108 22 -0.97 0.64 0.7 2.01

B111 15 -1.23 0.78 0.7 2.55

B112 15 -1.23 0.78 0.7 2.55

TX109 2 -0.98 0.63 0.7 1.97
i

BX104 4 -0.98 0.39 0.69 1.32

B106 11 -1.27 0.78 0.68 2.43

B107 12 -1.27 0.78 0.68 2.43

B108 12 -1.27 0.78 0.68 2.43

B109 12 -1.27 0.78 0.68 2.43

BX108 4 -1.27 0.78 0.68 2.43

T108 ll -1.27 0.78 0.68 2.43

T105 17 -1.31 0.78 0.65 2.33
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Table 4.11. (contd)

i i i i i

SORWT Mean Log SD Log Mean TOC 95% Confidence
Tank Number TOC TOC wet % Limit

T106 17 -1.31 0.78 0.65 2.33

TX110 2 -1.08 0.49 0.63 1.41
ii ii , i

SX107 6 -1.08 0.64 0.63 1.79

TX111 2 -1.09 0.63 0.62 1.76
i

BXl06 4 -1.11 0.63 0.61 1.74

BX111 24 -1.12 0.64 0.61 1.73
i

BY109 21 -1.12 0.5 0.6 1.37

BY107 3 -1.15 0.63 0.59 1.66
ii

A106 30 -1.18 0.39 0.57 1.08

C102 30 -1.21 0.63 0.55 1.55

TY105 25 -1.22 0.55 0.55 1.36

BXl09 4 -1.22 0.63 0.55 1.55

TX102 1 -1.23 0.49 0.54 1.21

A102 9 -1.23 0.28 0.54 0.85
i ill ii

TX103 26 -1.23 0.5 0.54 1.22
i

SlIM 6 -1.24 0.64 0.54 1.54
i

TX112 2 -1.25 0.63 0.53 1.5

C201 13 -1.28 0.64 0.52 1.48

SXllM 1 -1.28 0.49 0.51 1.15
i

BY103 3 -1.29 0.63 0.51 1.44

Tl12 14 -1.31 0.64 0.5 1.44

TY104 27 -1.32 0.33 0.5 0.86

BY106 3 -1.32 0.55 0.5 1.23

BY105 3 -1.33 0.55 0.49 1.21

TX114 2 -1.34 0.63 0.49 1.37

SX101 1 -1.36 0.45 0.48 0.99

B202 5 -1.44 0.55 0.44 1.09

C106 23 -1.45 0.45 0.43 0.91
i

TX118" 22 -1.47 0.37 0.42 0.78

C105 30 -1.5 0.55 0.41 1.02
BY102 21 -1.51 0.55 0.41 1.02

B21M 5 -1.51 0.64 0.41 1.16
i

TY106 25 -1.52 0.5 0.41 0.92

C107 30 -1.54 0.63 0.4 1.11
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Table 4.11. (contd)

i i "" i J i

SORWT Mean Log SD Log Mean TOC 95 % Confidence
Tank Number TOC TOC wet % Limit

S109 1 -1.58 0.49 0.38 0.86

TXll6 2 -1.61 0.63 0.37 1.05

BX107 11 -1.63 0.55 0.36 0.91

BXll0 24 -1.66 0.5 0.35 0.79
i

T101 19 -1.74 0.64 0.33 0.93

Cll0 11 -1.76 0.64 0.32 0.91
i i i i

TY102 2 -1.77 0.55 0.32 0.78

Bll0 15 -1.83 0.64 0.3 0.86

T107 8 -1.85 0.55 0.29 0.72

TX115 7 -1.96 0.55 0.26 0.65
i

TY101 30 -2.16 0.55 0.21 0.52

TY103 27 -2.3 0.42 0.19 0.37

U110 17 -2.44 0.35 0.16 0.29

* Original watchlist tanks.

4.33



Table 4.12. TOC Dry Units, Median Estimate

ill i ii Ill In ill1 ill II I II II ill

SORWT Mean Log SD Log Median 95 % Confidence
Tank Number TOC Toc TOC dr), % Limit

C103" 23 1.35 0.33 3.84 6.66
, i i

T104 30 0.75 0.49 2.11 4.74

SX106* 1 0.72 0.45 2.06 4.3

U106* 7 0.63 0.63 1.87 5.32

U105 10 0.61 0.56 1.84 4.59
i

A101 9 0.57 0.25 1.77 2.69
i

AXI02 28 0.49 0.5 1.63 3.69

A103 9 0.43 0.35 1.54 2.74

SXI03 1 0.37 0.62 1.45 4.05
i i i i

U103 7 0.23 0.55 1.26 3.13

T102 19 0.22 0.78 1.25 4.52

BX106 4 0.2 0.63 1.23 3.48
i i i i,

U203 20 0.18 0.79 1.2 4.39
i

U204 30 0.18 0.79 1.2 4.39
i

S102" 1 0.17 0.54 1.19 2.91

AX103 28 0.14 0.45 1.15 2.42

Ulll* 7 0.12 0.49 1.13 2.54

AX101 9 0.11 0.42 1.12 2.21

S107 1 0.1 0.41 1.1 2.18
i i i

BX112 12 0.06 0.56 1.06 2.66

BX105 4 0.06 0.45 1.06 2.22

C104 30 0.05 0.55 1.06 2.6

C112 8 0.03 0.5 1.03 2.34
i i

U201 20 0 0.79 1 3.66

U202 20 0 0.79 1 3.66

T204 5 -0.04 0.64 0.96 2.75

BX104 4 -0.04 0.39 0.96 1.83

S110 16 -0.06 0.64 0.94 2.7
i

BY104 3 -0.07 0.55 0.93 2.3

UIO1 6 -0.1 0.78 0.91 3.27

SX102 1 -0.13 0.62 0.88 2.46

BX103 4 -0.13 0.77 0.88 3.12

Ul12 30 -0.14 0.79 0.87 3.18
i

T103 19 -0.14 0.78 0.87 3.15
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Table 4.12. (contd)

,, i i i

SORWT Mean Log SD Log Median 95 96 Confidence
Tank Number TOC TOC TOC dry % Limit

SXll0 16 -0.16 0.78 0.85 3.09

SXlll 16 -0.16 0.78 0.85 3.09

SXll4 16 -0.16 0.78 0.85 3.09

BX101 4 -0.17 0.77 0.85 3
i

SX107 6 -0.17 0.64 0.85 2.42
111111 i iiiii iiiii ii i i iiii iii i i i iiiiiiii i i

S101 1 -0.17 0.75 0.84 2.91
,L

TX105* 1 -0.18 0.62 0.83 2.33
....... ,,,, , , L

TX1G1 30 -0.19 0.79 0.83 3.03

BX102 4 -0.19 0.77 0.83 2.93

C101 4 -0.19 0.77 0.83 2.93

S 111 1 -0.2 0.39 0.82 1.55

C109 8 -0.21 0.78 0.81 2.9

Bl12 15 -0.22 0.78 0.8 2.92

A104 30 -0.22 0.79 0.8 2.92

A105 30 -0.22 0.79 0.8 2.92

AX104 30 -0.22 0.79 0.8 2.92

B101 18 -0.22 0.79 0.8 2.92

B103* 18 -0.22 0.79 0.8 2.92

SX113 29 -0.22 0.79 0.8 2.92

T109 26 -0.22 0.79 0.8 2.92

U104 29 -0.22 0.79 0.8 2.92

SXI08 6 -0.23 0.78 0.8 2.88

SXl09 6 -0.23 0.78 0.8 2.88

SXll2 6 -0.23 0.78 0.8 2.88
,, , ,,, ,, ,.,.=,, ,,,,

SXll5 6 -0.23 0.78 0.8 2.88

T110 14 -0.24 0.78 0.79 2.87

B201 5 -0.24 0.78 0.79 2.83

T201 5 -0.24 0.78 0.79 2.83
.,

T111 14 -0.24 0.78 0.79 2.86
,,, .,,, ,

C202 13 -0.24 0.78 0.79 2.85

C203 13 -0.24 0.78 0.79 2.85

C204 13 -0.24 0.78 0.79 2.85

B102 18 -0.25 0.79 0.78 2.84

B203 5 -0.25 0.78 0.78 2.78
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Table 4.12. (contd)

SORWT Mean Log SD Log Median 95 % Confidence
Tank Number TOC TOC TOC dry % Limit

A106 30 -0.26 0.39 0.77 1.46

T202 5 -0.27 0.78 0.76 2.73
iii i : llrl i l ll, l I fill El llfll I llll llIlll Ill l lllll l Ill

T203 5 -0.27 0.78 0.76 2.73t_

C108 8 -0.27 0.78 0.76 2.73
I I, I II I, ill J l _l

C111 8 -0.27 0.78 0.76 2.73
, ,,,i, i i i i i n',, ,,

T112 14 -0.28 0.64 0.76 2.17

T106 17 -0.29 0.78 0.74 2.68

C 102 30 -0.3 0.63 0.74 2.09
ii i ,,,,,,.,,i, ,l,, ,i , - u,

TY105 25 -0.3 0.55 0.74 1.84
,, i i , ,, i, i ,, •

BX109 4 -0.31 0.63 0.74 2.09
i i i i ,, ,,i,ill ,,

B104 30 -0.31 0.79 0.74 2.68
i i i i,,,, ,i ,,HH - "-

BI 11 15 -0.31 0.78 0.73 2.66

TX103 26 -0.32 0.5 0.73 1.65

S104 6 -0.32 0.64 0.73 2.08

S103 1 -0.33 0.75 0.72 2.48

TY104 27 -0.33 0.33 0.72 1.24
, i i i , , i,

BI06 11 -0.34 0.78 0.71 2.55

B107 12 -0.35 0.78 0.71 2.55

B108 12 -0.35 0.78 0.7 2.53

B109 12 -0.35 0.78 0.7 2.53

BX108 4 -0.35 0.78 0.7 2.53

T108 .............11 -0.35 0.78 l 0.7 ..... 2.53
U102 7 -0.36 0.77 0.7 2.48

C201 13 -0.36 0.64 0.7 2

SXI05 1 -0.38 0.75 0.68 2.36
,., ...... ,

U107* 10 -0.38 0.78 0.68 2.46

C106 23 -0.39 0.45 0.68 1.43

TX107 1 -0.39 0.75 0.68 2.34

TX106 1 -0.39 0.62 0.68 1.88

T105 17 -0.39 0.78 0.67 2.43

5106 1 -0.4 0.75 0.67 2.32

U109 10 -0.4 0.78 0.67 2.43

TX 104 1 -0.4 0.75 0.67 2.31
,,,, ,,,.., L , , , ,, .....,

U108 10 -0.4 0.78 0.67 2.42
.......
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Table 4.12. (contd)

--" II -- I I!1'[I III IIIIII .... , H,,,, ,

SORWT Mean Log SDLog Median 95% C°nfidence
Tank Number TOC TOC_. TO,C,,,d_ % .......Limit .......

BXIII 24 .0.4 0.64 0.67 1.9i

S 112 1 .0.41 0.73 0.66 2,28

S108 1 -0.41 0.75 0.66 2,28

S105 1 -0.41 0.75 0.66 2.28
,|, L, ii, i L fl i ,

BY108 3 .0.43 0.78 0,65 2.34
. i , i iH ii i J, i , i

TX1O8 22 .0.46 0.64 0.63 1.81

A102 9 -0.47 0.28 0,63 0.99
i i H ,i, H i f -- ii iHi ,, , , ,,H ,, ,

TX109 2 -0.4"/ 0.63 0.63 1.77

B202 5 .0,52 0.55 0.59 1.47
i i, i i,H, i Hi i ,, _,,

BY109 21 -0.54 0.5 0.58 1.32

BY107 3 .0.56 0.63 0,57 1.62

TXll0 2 -0.57 0.49 0.56 1.27
/

B204 5 .0.58 0.64 0.56 1.6

TXlll 2 .0.58 0,63 015i 1.58

BY101 3 -0.58 0.78 0.56 2

CI05 30 .0.58 0.55 0.56 1.37

BYll0 3 -0.59 0.78 0.55 1.99

TY106 25 -0.6 0.5 0.55 1.24

CI07 30 .0.63 0.63 0.53 1.5

BYlll 8 -0.66 0.78 0.51 1.84

B 105 2 .0.67 0.77 0.51 1.81
H, ,I, , , ,

BYll2 8 -0.67 0.78 0.51 1.83

SX104 1 .0.69 0.49 0.5 1.12
,,, H ,, a,, ,

BX107 11 .0.71 0.55 0.49 1.23

TX113 2 -0.71 0.77 0.49 1.73
I

TX ! 17 2 -0.71 0.77 0.49 1.73
..

TX102 1 -0.72 0.49 0.49 1.09

TX112 2 -0.74 0.63 0.48 1.35
,, | . ,,

BY106 3 -0.76 0.55 0.47 1.16

SX101 1 -0.76 0.45 0.47 0.98

BY103 3.... -0.78 0.63 0.46 1.3 ....

BY105 3 -0.79 0.55 0.45 1.12

rlO i9 -o.a o.64 1.28
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Table 4.13. TOC Dry Units, Mean Estimate

SORWT Mean Log SD Los Mean TOC 95 % Confidence
.....Tank Number TOC T0C dr), % . Limit .......
C103" 23 1.35 0.33 7.12 12.33

i i.ir i i L i i.jl i i i

T104 30 0.75 0.49 3.91 8,78
i i , i i i i H i , i

SXI06* 1 0.72 0.45 3.82 7.96................
,, L JJ ,,

UI06* 7 0.63 0.63 3.47 9.84
..... i in I]11 I ] I III II I1[ I i i ii

U105 10 0.61 0,56 3.41 8.5
i ill i H, i iH i i i i i , iHu,

Ai01 9 0.57 0.25 3.28 4.99

AX102 28 0.49 0.5 3.03 6.83
i i ii, i i i , ii . i i i, H ,, ,,ii ,,

U203 20 0.18 0.79 3.01 10.96

U204 30 0.18 0.79 3.01 10.96
@

T102 19 0.22 0.78 2.99 10.85

A103 9 0.43 0.35 2.85 5.06

SX103 1 0.37 0.62 2.69 7.5......
i i, i

U201 20 0 0.79 2.5 9.13
IIII I [ I I I ]

U202 20 0 0.79 2.5 9.13
i i i i ill IHI I ,,

U103 7 0.23 0.55 2.34 5.8
i i nil i ill i i [ il [i iRii illil i

BX106 4 0.2 0.63 2.27 6.44

S102' 1 0.17 0.54 2.2 5.39_ _ _

Ul12 30 -0.14 0.79 2.18 7.96

U101 6 -0.1 0.78 2.17 7.85

AX103 28 0.14 0.45 2.13 4.47

BX103 4 -0.13 0.77 2.11 7.48

Ulll* 7 0.12 0.49 2.09 4.7
H.,,, , ,, ,, ,, ,,. .,..|H,, ,, , , ,

T103 19 -0.14 0.78 2.08 7.56

TX 101 30 -0.19 0.79 2.08 7.57

AX101 9 0.11 0.42 2.07 4.1
|. , u , ............

S107 1 0.1 0.41 2.04 4.04
Ill III, I lllll l II II , IU tlll]I

SX110 16 -0.16 0.78 2.04 7.41

SX111 16 -0.16 0.78 2.04 7.41

SX114 16 -0.16 0.78 2.04 7.41
- , , , ,,,, H,,,,

BX101 4 -0.17 0.77 2.03 7.2
- ,,_=, ,.m , . H

S101 1 -0.17 0.75 2.03 6.99

A104 30 -0,22 0.79 2 7.31

A 05 " 30 -0.22 0.79 2 7.3
AX104 30 -0.22 0.79 2 7.31

, ., , , ......
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Table 4.13. (contd)

I I ill I llll i llll ii ii 11 II

SORWT MeanLog SD Log Mean TOC 95% Confidence
, Tank. Number T0c T0C dr7 % L!mit
B101 18 -0.22 0.79 2 7.31

,,,.,i H ,,, ii ii i, i ill i,i ill , .,,, ..... .._ ..........

B103* 18 -0.22 0.79 2 7.31
_- - r i i ii i ii , , ,

SX113 29 =0.22 0,79 2 7.31
l= ; i ii ill ill L ,, |, i ,,,,.i,,i

UI04 29 .0.22 0.79 2 7.31
i ii, i i,,,,i ,,,, r I , i,,l,, i ii i i

BXl02 4 -0.19 0,77 1.98 7.03
...... iiiii i i i i,llll,, , i ,

C101 4 .0.19 0.77 1.98 7.03
i i i i

BXl12 12 0.06 0,56 1.97 4.92
Jl i imi, , ,,i IH.,Hi llllli, Ill H , ,., j

BXlO,,5 4 0.06 0.43 1.96 I 4.11
C104 30 0.05 0.55 1.96 4.81
.... ill i ill H,,. _ _ _, ,,,,,,

B 102 18 .0.25 0.79 1.94 7.08

C109 8 .0.21 0.78 1.94 6.96

B112 15 .0.22 0.78 1.93 7
iiiiiiiii iiii i i i i i iiii iii [i i iiiiii

TI09 26 -0.22 0.79 1.92 7.02

_Cl12 8 0.03 , 0.5 1.92 .......... 4.33
SX108 6 .0.23 0.78 1.91 6.91

SX109 6 -0.23 0.78 1.91 6.91

SXl12 6 .0.23 0.78 1.91 6.91

SXll5 6 -0.23 0.78 1.91 6.91

Tll0 14 -0.24 0.78 1.9 6.88

B201 5 .0.24 0.78 1.89 6.78

T201 5 .0.24 0.78 1.89 6.78

TIll 14 .0.24 0.78 1.89 6.85

C202 13 -0.24 0.78 1.89 6.85

C203 13 .0.24 0.78 1.89 6.85

C204 13 -0.24 0.78 1.89 6.85

B203 5 -0.25 0.78 1.86 6.68

BI04 30 -0.31 0.79 1.84 6.7

T202 5 -0.27 0.78 1.83 6.55

T203 5 .0.27 0.78 1.83 6.55

C108 8 -0.27 0.78 1.82 6.54

C111 8 -0.27 0.78 1.82 6.54

T106 17 -0.29 0.78 1.79 6.44

T204 5 -0.04 0.64 1.78 5.09....

BX104 1 4 -0.04 0.39 1.78 3.39,,,
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Table 4.13. (contd)

'I I ' II' II "II ' I , , , ,,,i

SORWT Mean Log SD Log MeanTOC 95% Confidence
Tank Number TOC TOC dry % Limit

B111 15 -0.31 0,78 1,76 6.39
- - ,i i, i iiJ i,,,

SI10 16 -0.06 0.64 1.74 5

S103 1 -0.33 0.75 1.73 5.95
I III I I I

BY104 3 -0.07 0.55 1.72 4.26

B106 11 -0.34 0.78 1.7 6.13
I I IIII I I IIIIUlll _ I illlllll IIII I IIIII

B107 12 -0.35 0.78 1.7 6.12

B108 12 -0.35 0.78 1.69 6.08

B109 12 -0.35 0.78 1.69 6.08

BX108 4 -0.35 0.78 1.69 6.08
i , i

T108 11 -0.35 0.78 1.69 6.08

U102 7 -0.36 0.77 1.68 5.96

SX105 1 -0.38 0.75 1.64 5.66

U107" 10 -0.38 0.78 1.63 5.91
i ,i .v i ,,,,,,,,,,

SX102 1 -0.13 0.62 1.63 4.55
i ,,iN ,i , ,,, ,

TXI07 1 -0.39 0.75 1.63 5.62

T105 17 -0.39 0.78 1.62 5.82

S106 1 -0.4 0.75 1.62 5.57

U109 ,10 I,, -0.4 0.78 1..61 5.83
TX104 1 -0.4 0.75 1.61 5.55

U108 10 -0.4 0.78 1.6 5.81

$112 1 -0,41 0.75 1.59 5.48
, , , | ,,,,,=, ,,, , ,

S108 1 -0.41 0.75 1.59 5.47

$105 1 -0.41 0.75 1.59 5.47

BYI08 3 -0.43 0.78 1.57 5.63

SXI07 6 -0.17 0.64 1.56 4.48

TX105* 1 -0.18 0.62 1.54 4.31
,=,,,, ,,,,,,,,,, , ,, ,,,, ,

S111 1 -0.2 0.39 1.52 2.87

AI06 30 -0.26 0.39 1.43 2.71
T112 14 -0.28 0.64 1.4. 4.02

C102 30 -0.3 0.63 1.38 3.87
_

TYI05 25 -0.3 0.55 1.37 3.4

BX109 4 -0.31 0.63 1.36 3.87
,,, j ,, ,,,,,,

TX103 26 -0.32 0.5 !.35 3.06

S104 6 -0.32 0.64 1.35 3.86
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Table 4.13. (contd)

IIUII ' ''1'11 I II " II II I , ,,,, , ,, _

SORWT Mean Log SD Log Mean TOC 95 %Confidence
Tank Number TOC TOC dry % LimitL i ii - i i i ,ll, i ,, i ,

BY101 3 .0.58 0.78 1.34 4.81

BYll0 3 .0.59 ........ 0178 1.33 4.77 --
i i i -- H,,,,ll i,,,,,,, i i ,, i i,,,l, i i

TY104 27 -0.33 0.33 1.33 2.3
- i ,,,,,, , ,,i Hi J J,,i

C201 13 .0.36 0.64 1.29 3.7

C106 23 .0.39 0.45 1.26 2.64
ii , ii i i i f,i , i i

TX106 1 -0.39 0.62 1.25 3.49

BXlll 24 -0.4 0.64 1.23 3.53

BYlll 8 -0.66 0.78 1.23 4.43

B105 2 -0.67 0.77 1.23 4.34
. ii i i -- i i , i ,

BY112 8 -0.67 0.78 1.22 4.39
i i i if i Hii i i, i i -- i i i i i , ,, , i

TXll3 2 -0.71 0.77 1.18 4.15

TXll7 2 -0.71 0.77 1.18 4.15

TXI08 22 -0.46 0.64 1.17 3.35

A102 9 .0.47 0.28 1.16 1.83

TX109 2 -0.47 0.63 1.16 3.28

B202 5 -0.52 0.55 1.1 2.73

BY109 21 -0.54 0.5 1.08 2.44

BY107 3 -0.56 0.63 1.06 3

TX110 2 -0.57 0.49 1.04 2.35

B204 5 • -0.58 0.64 1.04 2.97

TX111 2 -0.58 0.63 1.04 2.93
., , -- _ ,, ,,,, .....

C105 30 -0.58 0.55 1.03 2.54

TY106 25 -0.6 0.5 1.01 2.29

C107 30 -0.63 0.63 0.99 2.78

SX104 1 -0.69 0.49 0.93 2.07

BX107 11 -0.71 0.55 0.91 2.27

TX102 1 -0.72 0.49 0.9 2.02

TX112 2 -0.74 0.63 0.89 2.5

BY106 3 .0.76 0.55 0.87 2.15

SX101 1 -0.76 0.45 0.87 1.81

BX110 24 -0.76 0.5 0.86 1.95
,,,,, -- __ ,,, , ,, ,,,,, , ,,, ,

BYI03 3 .0.78 0.63 0.85 2.41

BY105 3 -0.79 0.55 0.84 2.08

T10Z 19 -0.81 0.64 0.82 2.36
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Table 4.13. (contd)

i i i

SORWT Mean Log SD Log Mean TOC 95 % Confidence
Tank Number TOC TOC dry % Limit

TXll4 2 -0.83 0.63 0.81 2.29

C110 11 -0.84 0.64 0.8 2.28

T107 8 -0.88 0.55 0.77 1.9

B110 15 -0.91 0.64 0.75 2.15

TX118" 22 -0.96 0.37 0.71 1.3

BY102 21 -1 0.55 0.68 1.69

S109 1 -1.06 0.49 0.64 1.44

TX116 2 -1.09 0.63 0.62 1.75
i i i

TY101 30 -1.25 0.55 0.53 1.31

• TY102 2 -1.26 0.55 0.53 1.3
i i

TY103 27 -1.38 0.42 0.47 0.93

TXll5 7 -1.44 0,55 0.44 1.08

Ull0 17 -1.52 0.35 0.4 0.72

* Original watchlist tanks.

4.43



4.8 TOC Criteria for Watchlist Tanks

The TOC andstandarddeviation estimates developed using the ANOVA model can be used to
determine the likelihood of a tankexceeding 5 % TOC. The 5 % TOC threshold is established in Babad
and Turner(1993). The likelihood a tankwill exceed 5% can be expressed on an exceedance
probabilityplot. The probability is expressedas a numberless than 1, 1 indicating 100% likelihood
the tank exceeds 5 % TOC.

The exceedance probability is given by the following equation:

Mean> 5%) = • log(5%)-log(U_j)|Pr(Tankij
o'ij J

where_ isthenormalprobabilityfunction,log(u_j)isgivenfromequation4.I,andoijisstandard
deviationoftheestimatefortankij.

Theplotsshowingtheprobabilitythatatankwillexceed5% TOC arerepresentedinFigures4.I0,
4.II,4.12,and4.13forwet-TOCmedian,wet-TOCmean,dry-TOCmediananddry-TOCmean,
respectively.Thetentankswiththegreatestprobabilityofexceeding5% TOC arelistedontheplots

indecreasingorder.Sampledtankstendtooccureitheratthehighendorlowendofthecurve.
Samplingtendstoputthetankinadefinitestate,eitherhigherorlowerprobabilitythatthetankwill
exceed5% TOC comparedtounsampledtanks.TheresultsshowninFigures4.10through4.13

shouldbeusedwithcaution.Ata 1/1000probabilitylevel,many tankswouldexceedthe5% threshold
forthedrymeanbasis.As Figure4.13shows,manyofthesetanksareunmeasuredtanks.
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Figure 4.10. Probability of 5 % Exceedancefor 149 SSTs, Wet Median Basis (Top ten tanks with
highest probability of exceeding 5 % are noted in the legend.)
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Figure 4.11. Probability of 5% exceedance for 149 SSTs, Wet Mean Basis (Top ten tanks with highest
probability of exceeding 5 % are noted in the legend.)
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Figure 4.12. Probability of 5 % Exceedance for 149 SSTs, Dry Median Basis (Top ten tanks with
highest probability of exceeding 5% are noted in the legend.)
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Figure 4.13. Probability of 5% Exceedance for 149 SSTs, Dry Mean Basis (Top 10 tanks with highest
probability of exceeding 5% are noted in the legend.)
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5.0 Conclusions and Recommendations

Conclusions

To support the Tank Waste RemediationSystem Programat Hartford,it has been determined that a
best estimate, including confidence level, of total organic carbon(TOC) for each of the 149 single-shell
tanks (SSTs) is required. This documentprovides estimates andconfidence levels for each of the 149
tanks, with a methodology and rankingunder which additionalSST monitoring or measuring can pro-
ceed for the Organic TankSafety Program. The methodology makes use of chemical analysis infor-
mation provided in tankprocess laboratoryresults and tank characterizationreports. The methodology
also makes use of an Analysis of Variance (ANOVA) statistical technique and a tank grouping method
based on the different types of wastes introducedinto each SST (SORWT grouping technique).

Characteristicreportsand laboratory analytical results from 75 of the 149 SSTs at Hanford were
provided. Most of the reportsprovide dataon the liquid phase total organic carbon,but core compo-
site, sludge, and salt cake data are also represented. Organicspecies measurements are not well
characterized. When organic species data are reported, only EDTA and HEDTA are represented,and
these account for only 10% of the TOC content. A significant number of tanks, 28 out of 75, had only
one TOC observation for the tank. Of the 149 SST tanks, 59 had no TOC measurementbut did belong
to a SORWT group with at least one observation. Another 15 tanks hadno TOC measurement and
belonged to a SORWT groupthathad no TOC measurements. It was shown in Section 4.7 that the
SORWT groupingscheme is not statistically effective since the between-tankand within-tank standard
deviations are much larger than the SORWT group standard deviation.

The data did not indicate any significant correlation of TOC values to waste phase (liquid or
solids). There were no data clusters or grouping of liquid and solid phases. Therefore, waste phase
dependence (solid, liquid) was not included in the statistical model for this study.

The TRAC inventories of organic components were used to estimate the total organic concentration
of the 149 Hanford SSTs. The TRAC estimates of organic carbon are usually zero, and the method
cannot be relied upon to give realistic estimates of organic carbon in the tanks. If a determination of
organic carbon is required, a comparison of laboratory values within similar groups is recommended as
a more accurate preliminary determination over the TRAC estimates.

Both median and mean TOC estimates for each tank are provided on a wet and dry basis (Tables
4.10 through 4.13). The TOC median values provide estimates that approximate the determination of
TOC inventory added to the tanks according to Fisher (1990). Based on a wet median basis, the
current study estimates the total carbon in all 149 SSTs to be 760 metric tons, and the Fisher (1990)
study estimates quantity of organic carbon added to the tanks to be 850 metric tons. If the TOC mean
is used in place of the median, the TOC added to the tanks is 1500 metric tons, well above the
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Fisher (1990) estimate. For best=estimate TOC values, it is recommended that the Table 4.10 values

indicating wet basis median values be used. To be consistent with the organic safety watchlist criteria,
the dry mean values are estimated and are provided in Table 4.13.

Recommendations

Although the TOC information compiled and modeled statistically in this report represents a sig-
nificant improvement in our knowledge about TOC in single-shell tanks, the dataset could be improved
upon. Specifically:

* Construct a TOC dataset that can be updated with additional TOC measurements as they
become available.

* Determine TOC measurement bias with respect to individual laboratories and analytical
technique employed.

* Evaluate measurement data and tanks with outlying observations in the dataset.

* Determine availability of information on TOC spatial variations. Include Spatial variations in
the statistical model.

* Validate the current TOC estimates with additional sampling results.

The tank grouping scheme should be simplified and improved. A recommended grouping
technique is:

* Group 1 - tanks for which the transfer records show low TOC present.

* Group 2 - tanks that have an ambiguous transfer record.

• Group 3 - tanks for which transfer records show high TOC present.
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Appendix A

Laboratory Techniques

The total organic carbon (TOC) is reported in the laboratory reports. All laboratory reports with
units of measure are used. Laboratory measurements are covered from 1977 to the present, as shown
in Appendix B.

Factors for converting laboratorymeasurements to Percent TOC are presented in Table A. 1.

Table A.I. ConversionFactors for LaboratoryData

i II I I IIIWlmil .m,I I ql I I __ I .
Reported Lab Units of TOC Conversion Factor Comments

Ii n,m..........................100
i!

il gI_L .......... IOOilO00iD D _de_ity_ default _ l .3II

llu m/gm I00/1,000,000,i ,n,., . I' ,n ....,., r,rl !,tm_ J::L l lr, i i i, " j:_ :_

Where no density was reported with the measured TOC value, a density of 1.3 was assigned as a
default value.

LaboratoryMeasurementsTechniques

Two techniques were used to determine TOC, combustion and chemical oxidation.

In combustion, samples are burned in an oxygen atmosphere to convert the organic forms of car-
bon to CO2. The combustion temperature is selected (app 1100° C) to oxidize the organic carbon
components. The combustion products are swept through a barium chomate catalyst and scrubbed to
insure complete oxidation of the carbon to CO2. Noncarbon combustion products such as CO2 and
NO,. are removed from the gas stream by a series of chemical scrubbers. The CO:, released is quanti-
fied in a CO2 calorimetry cell and the amount of TOC is calculated. Inorganic carbon is first
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removed from the sample before analysis by adding acid to convert the inorganiccarbon to gaseous
CO2. In the combustion samples, for solids, samples are diluted with water 1 partsample to make up
5 parts sample volume.

In chemical oxidation, the samples are oxidized with potassiumpersulfateor potassium permaga-
hate to evolve CO2 in the presence of ultraviolet light.

Samples may have been contaminatedwith NPH (normalpariffin hydrocarbon)during the core
sampling procedure',therefore, some samples recordhigher than actualTOC measurements,

TRAC Computer Code Inventory Evaluation

The TRAC inventory dataset used was provided by WHC and is the dataset representingthe
inventories of waste for January 1990. The TOC calculations provided in this report match to the
values of the TRAC/TOC calculations reportedin Crippen(1991).

Details of Organic CarbonConstituents listed in the 1990 TRAC databaseare presented in
Table A.2.

Table A.2. TRAC Label Description

,,, ij i _ ,, ii llml ii ,,,,,,, ,, , i I ,l,_

TRAC Label Formula Name

C2H303 Hydroxyacetate HOCH,COO- [anion]

C6H507 Citrate -OOCCH2C(OH)(COO-)CH2COO-[anion]

EDTA Ethylenediamine N,N,N',N'tetraacetate
i i i ii i iiiiii iii iii i

HEDTA N-(2-hydroxyethyl)-ethylene diamine N,N',N'-triacetate

C204 Oxalate -OOCCOO- [anion]
IhlI I I II III I I I I IIJlJ II/ IIIIIll I I|11111 I IllllllI
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The following conversion factors are used to change moles to grams of carbon employing the
formula weights for each of the six species, as shown in Table A.3.

For each SST, the moles for each of the organic componentsare given in the TRAC database.

Table A,3. ConversionFactors for TRAC Organics

iii i

Moles of

Organic Species Conversion Factor
i ii i i

Hydroxyacetate 2"12 = 24
ii i iii ,1,11 ii

Citrate 6"12 = 72
i i i,,, . ,, ii i

Oxylate 2"12 = 24
• ii i fl iii

EDTA 10"12 -- 120
i ,i fl, i if

HEDTA 10"12 = 120
, fll i, ,1111 _ i

Fe(CN)6 6"12 -- 72
,,, , , ,,,, ,, ,,,=,,,,,,,, ,

Examvle Conversion:

Formula weight of carbon is 12.

Moles Citrate (C6H507) * 72 = grams of carbon in citrate.

There are six carbons in each molecule of citrate. There are 6 X 12, or 72 grams of carbon, in
each citrate mole. The conversion factor for citrate is 72.

Total Mass:

The moles of each constituent are multiplied by the formula weight of each constituent and sum-
med to provide the total mass for each of the tanks for the solids and the liquids. The following
species were used in the summation:

Ag, AI, Ba, Bi, CO3, Ca, Cd, Ce, CL, Cr, F, Fe, Hg, K, La, Mn, NO2, NO3, Na, Ni, OH, PO4,
Pb, SeO4, SiO3, Sn, SO4, Sr, WO4, ZrO.
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Conversion of TOC Data from Wet-to-Dry Basis

Table A.4 provides the wet-to-dry basis correction factor, Cw/D,as described in Section 4.6.

Table A,4. Cw/D = TOC Correction Factor Wet-to-Dry Basis

.......................

Tank Correction Factor, Wet-to-Dry Basis
L_ ii i _ i I I I i|l ] i i

101A 1.67

102A 2.15
i_,i,,,,,ill ,i i i ii ,l=,,If, i

103A 2.53

104A 2.5
J_ ,, ,, L I I I I I

105A 2.5

106A 2.5

10lAX 1.67
iii ii iiii i i i ii i

102AX 1.93

103AX 1.68

104AX 2.5

1OlB 2.5
,,,, ii ii

102B 2.42

103B 2.5
,i fl ,,,,, ,

104B 2.29

105B 1.74

106B 2.52

107B 2.52

108B 2.5

109B 2.5
,J, .... ,, i, , ,

110B 2.51

IlIB 2.51

lI2B 2.75

201B 2.59
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Table A.4. (contd)

Tank Correction Factor, Wet-to-Dry Basis
- i ii ii i,iiii

202B 2.5
i -- ii i ii i

203B 2.55
iiiiii i i iiii ,ifllll,l i

204B 2.55
-- iiiii,ii iiii

101BX 2.56
ill ii -- iiiiiii iiii i i

102BX 2.5
--- iiiiii iiii i

I03BX 2.66
ii i i ii i

I04BX 2.57
l.illi , i ii

105BX 2.68
iiiiiii ii ii i

106BX 3.71
iii i ,iii ,i.,iiii.........

I07BX 2.51
i i i i .

108BX 2.5
i -- ,,,,, . , ,,,,, , ,i,,

109BX 2.5
iiiiii

IIOBX 2.46
, i ii i i i

IlIBX 2.04

i12BX 2.52
i

IOIBY 1.84
i iii i i

I02BY 1.67
iii __ --- i,ii ,ii __

103BY 1.67
-- iim

I04BY 1.72

I05BY 1.72
, iii

I06BY 1.75
........ i ,..,

107BY 1.8
,,, . ,,,,.,,, ., ii ,

I08BY 2.15

109BY .I.78
i i

IIOBY 1.82

111BY 1.69
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Table A,4. (contd)

Tank Correction Factor, Wet-to-Dry Basis
ii , i i , _ i i

I12BY 1.68

IOIC 2.5
i i ii ii i ,

102C 2.5

103C 7.86

I04C 2.5
,,li, , i i

I05C 2.5
, ................

106C 2.91

107C 2.5

I08C 2.5

I09C 2.66

IIOC 2.5

lllC 2.5
hi, i , , ,i

112C 2.5
,, ,,, i L i

201C 2.5

202C 2.5

203C 2.5

204C 2.5

10IS 2.13

102S 1.67

103S 1.82

104S 2.51

105S 1.67
_

106S 1.7

107S 2.32

1085 1.67

109S 1.68
,,,,,,,,,, ....
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Table A.4. (contd)

Tank Correction Factor, Wet-to-Dry Basis
, ,

110S 1.88

Ills 1.84
,

112S 1.67

101SX 1.82

102SX 1.8

103SX 1.77

104SX 1.8

105SX 1.73
,|,

106SX 1.9

107SX 2.5

108SX 2.5

109SX 2.5

110SX 2.5

lllSX 2.5

ll2SX 2.5

ll3SX 2.5
,

114SX 2.5

ll5SX 2.5

101T 2.53

102T 4.21

103T 2.94

104T 2.52

105T 2.5

106T 2.76

107T 2.63

108T 2.5
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Table A.4. (contd)

Tank Correction Factor, Wet-to-Dry Basis

109T 2.5
i ii

1i0T 2.52

lilT 2.51

l12T 2.79

201T 2.59
i, i

202T 2.5

203T 2.5
ii, ,i

204T 2.5

101TX 2.59

102TX 1.67

103TX 2.5

104TX 1.69
i

105TX 1.67

106TX 1.67

107TX 1.71

108TX 1.67

109TX 1.67

110TX 1.67

lllTX 1.67

112TX 1.67

113TX 1.67

114TX 1.67

115TX 1.67

116TX 1.67

117TX 1.67

118TX 1.67
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Table A.4. (contd)

Tank Correction Factor, Wet-to-Dry Basis

101TY 2.5

102TY 1.67
i,i

103TY 2.5

104TY 2.67
i

105TY 2.5
i

106TY 2.5

101U 2.84
i , i

102U 1.82

103U 1.76

I04U 2.5
i

I05U 1.88

I06U 1.86

I07U 1.83

I08U 1.8

109U 1.8

IIOU 2.5

llIU 1.71
i ,, i

112U 2.72

201U 3.13

202U 3.13

203U 3.75

204U 3.75
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Appendix B

Laboratory Data



Appendix B,Laboratory Measurements

Tank SORWT Sample Sample Reference _ 8ORWT

Farm Nundxw Group I0 Type Date T.O.C Refinance Analyte Value Units GROUP •
A 101 DSSF-NCPLX RAT-A101-3 Fltrate 10/22/90 1.32 I.L. 06463-80-336 Rockwd int. TOC 19.1 _ 8
A 101 DSSF-NCPLX RAT-AI01-4B Filtrate 11110/80 0.61 LL. 08453-80-337 Rockwd Int. TOC 7.61 gm/I 8

A 101 DSSF-NCPLX RAT-AI01-GB Flume 11111/80 0.09 I.L. 85463-80-337 Rockwd int. TO(: 6.94 gm/I 9
A 101 DSSF-NCPLX RAT-A101-7B RlUate 11JO2J79 1.46 I.L. 05124-794)06 Ro(:kweillnt. TOC 20 genv'l 9

A 101 DGSF-NCPLX 4493 8kxlge 09/22./00 0.78 I.L. 05453-80-287 Rocimmll int. TOC 11.026 gnkq 8
A 101 DSSF-NCPLX RAT-AIO1-4A 61uny 11110/80 0.69 I.L 0546_7 Rocinvd Int. TOC 9.61 gm,q 8

A 101 DSSF-NCPLX RAT-AIO1-GA 6kmy 11111/80 0.84 IJ, 06463-iR)-337 Rockwdlnt. TOC 16.61 gerbl 8
A 101 OSSF-NCPLX 7879 6kmy 10110/83 0.20 I.L. 66463-80-003 Rockwd int. TOC 7.02 moin,4 9
A 101 DSSF-NCPLX 7898 _ 10/11i83 7.14 I.L. 05463-84-O03 Rockwel Int. TOC 8.78 mobd 9

A 101 DGSF-NCPLX 4218 8upemato 09/22./80 1.21 I.l.. 06463-80-287 Rockwd int. TOC 16.24 gm/I 8
A 101 DSSF-NCPLX 4378 8upemato 09/22J80 0.89 I.L. 05463-80-287 Rockwell Int. TOC 10.14 9m/I 8
A 101 DSSF_ICPLX RAT-A101-1 8upemate 10113/80 0.82 I.L. 66463410-302 Rockwd Int. TOC 10.71 _ 8

A 101 DSSF.NCPLX RAT-A101-2 6q)emato 10/13/80 0.90 I.L. 86463-80-302 Rockwd int. TOC 11.62 gin4 8
A 101 DSSF-NCPLX T-2091 6upemate 08/22/80 2.74 I.I, 66463-80-241 Rod(wd int. TOC 36.16 gm/I 9

A 101 06SF-NCPLX T-2692 8q)emate 08/22/90 3.30 I.L. 65453-80-241 Rockwd int. TOC 43.79 6m/I 9
A 101 DSSF-NCPLX 7879 6upernMe 10110/83 0.40 I.L. 86463-84-003 Rockwd int. TOC 6.23 mobs,1 8
A 101 DSSF-NCPLX 7888 8q;mmate 10111/83 0.84 I.L. 85453-84<)03 Rockwd Int. TOC 11 moie_ 9
A 102 DSSF-NCPLX RAT-A102-1 Filtrate 12/23/80 0.12 I.L. 05453_0-396 Roctrwd Int. TOC 1.79 gm/I 9

A 102 DSSF-NCPLX 91DXOOXX Uquor 03/06/84 0.53 8DRE-TI-201 Roy. 0 TOC 8.04 gnat 9
A 102 DSSF.NCPLX 92DX00XX Liquor 03/08/88 0.61 8D-RE-TI-2OI Rov. 0 TOC 7.68 gm/I 8

A 102 OSSF-NCPLX 91XC00XX 6kadge/Compos#e 03/06/86 0.72 6D-RE-TI-201 Ibv. 0 TOC 7200 ugm/gm 8
A 102 DSSF-NCPLX 92XCOOXX _�e/Composilte 03/08/86 0.79 8D4tE-TI-201 Rev. 0 TOC 7940 ugm_m 9
A 102 OSSF-NCPLX R-4656 8upemate 03/14/89 0.96 I.M. 12712-PCL89-112 Rev. 1WHC TOC 12.5 gaVI 8
A 102 DSSF-NCPLX RAT-A102-3 8upemate 10/23/79 0.21 I.I, 05124-78-170 Rm=kweil int. TOC 2.44 _ 9
A 102 DSSF-NCPLX RAT-A102-4 8upemate 03/14/79 0_18 1.1_00120-78_44 Rockwd Int. TOC 4.5 _ 9
A 102 DSSF-NCPLX T-1243 6upemate 07117/80 0.00 I.L. 66453-80-200 Rockwell Int. TOC 0 gen_ 9

'-" A 102 DSSF-NCPI.X T-1244 8upemate O7/17/80 0.35 I.L. 05463-80-200 Rockwell Int. TOC 4.00 9m/I 8
A 102 06SF-NCPLX T-1246 8upem_e 07117/80 0.29 I.L. 65463-80-200 Rockwell Int. TO(: 3.38 9m/I 8
A 102 DSSF-NCPLX T-2404 8upemate 08/04/80 0,49 I.L. 86463-80-213 Rockwell int. TOC 6.82 gm/I 9

A 102 DSSF.NCPLX T-2405 8upenmte 08,'04/80 0.63 I.L. 66463..80-213 Rockwd Int. TOC 6.34 gm/I 8
A 102 DSSF-NCPLX T-6176 8upemato 12J08/79 0.40 I.L. from Manger, 8efvk:es TOC 4.88 gnVI 9
A 103 DSSF-NCPLX BIXDOOXX Uquor 03/28/88 0.67 8D.RE-TI-188 Roy. O TOC 8.38 9nkl II

k 103 D$SF-NCPLX B2X(X)0XX Liquor 04/03/86 0.56 8D.RE-TI-188 Rev. 0 TOC 8.26 gn_ 8
A 103 DGSF-NCPLX B1XC00XX 81udge_e 03/26/86 0.80 8DRE-TI-188 Roy. 0 TOC 8040 ugm/gm 9
A 103 OSSF-NCPLX B2XCOOXX 6kadge/Composite 04/03/88 0.77 6D-RE-TI-188 Roy. 0 TOC 7730 ugm/�m 9

A 103 OSSF-NCPLX RAT-A103-5 Supemato 10/02Y80 0.35 I.L. 85453-80-287 Rockwell int. TOC 4.96 gm/I 9
A 103 OSSF-NCPLX RAT-A103-6 8ui)emate 09/22/80 1.00 I.L. 05463-80-205 Rockwd int. TOC 14.4 gm/I 8

A 103 0SSF-NCPLX RAT-A103-7 8upemate 08/02/78 1.10 I.L. 05120-79-123 Rockwell int. TOC 16.4 9m,'l 9
A 103 DSSF-NCPLX T48951 8upemate 03/19/80 0.64 I.L Manger, Serdces Rockwd Int. TOC 7.82 gray5 il
A 106 UNGROUPED A1XDOOXX Liquor O3/11/86 0.42 8D4_-TI-200 Rev.O TOC 6.64 gm/I 30

A 106 UNGROUPED A2XD00XX Uquor 03113/88 0.01 8DRE-TI-200 Roy.0 TOC 0.13 gm/I 30
A 106 UNGROUPED Riser 17 6olid 0 It05/88 0.02 TOC 0.02 wt.% 30

A 106 UNGROUPED Riser 20 8olid 01/06/88 0.72 TOC 0.72 wt.% 30

A 108 UNGROUPED A1XCOOXX SIudge/Compos#e 03/11/86 0.02 8D-RE-TI-200 Rov.0 TOC 8230 ugm/gm 30
A 106 UNGROUPEO A2XCOOXX 8kxi0e/Composite 03113/86 0.72 8DRE-TI-200 Paw,0 TOC 7150 ugm/�m 30

AX 101 OSSF 5169 Supemate 10/07/80 0.53 I.L. 66463-80-293 Rockwd int. TOC 7.46 gm/I 9

AX 101 DSSF-NCPLX RAT-AXI01-2 Supernate 11/11/90 1.10 I.L. 654534K_331 Rockwell Int. TOC 15 gm/I 9
AX 101 DSSF-NCPLX RAT-AX101-3 8upemato 11111/80 1.08 I.L. 05463-80-331 Rockwd int. TOC 16 _ 9
AX 101 DSSF-NCPLX T-3102 8upemate O8/19/80 0.90 I.L. 66453-80-233 Rockwell int. TOC 13 9nVI 9

Note: All Laboratory Measurements in Appendix B are wet or "a8-18" values.



Appendix B, Laboratory Measurements

Tank 6ORWT 8ampb 6ampb Reference % 6ORWT

Farm Number Group ID Type Date T.O,C Refeflmce Andyte Vduo Unts GROUP #
AX 101 DSSF-NCPLX T-3103 8upemate 08/18/80 0.76 I.L. 664634K_233 Rockwd k_. TOC 11A gn_ 9
AX 102 CCPLX DSSF 7701 Uquor 02/22/80 OJ1 |J- 664634K_003 Rockwd kt TOC 8.78 9mR 28

AX 102 CCPLX DSSF RAT-AXI02-1 Uquor 01/23_0 1.46 I.L 6612404N)<H_ Rockwd kt. TOC 16.1 9n_ 28
AX 102 CCPLX DSSF RAT-AXIO2-3 8upemme 11/14_8 2.83 I.M. 12712-PCL88018 WHC TOC 36_ gn_ 28
AX 103 CCPLX DSSF 8-1423 Uquor 08/08/79 0.88 IJ., 66120-73-124 Rockwd k_ TOC 12-3 gn_ 28
AX 103 CCPLX DGSF 4510 Lk_d 09/24/00 2.80 I,L 65453-8_277 Rockwe4 k_. TOC 2J0 wt_ 28

AX 103 CCPLX DSSF 8-1439 Uquor 08/08/79 1.04 I.L. 66120-79-124 Rockwd kt. TOC 16 9n_ 28
AX 103 CCPLX DSSF 7685 6qpemate 03/14/79 0.33 IJ- 00120.70_)44 Rockwel _t, TOC 4-3 9mA 28
B 110 2C 6-8 6ogd 01/31/90 0.04 Core Reset, TE Jones, Battdo TOC 0.04 wL% 16

B 202 224 2609 6kx_e 12/04/78 0.01 00120-78-131 Rockwd 12/4/78 TOC 0.100 9mR 6
B 204 224 1974 8k_ge 12/04/78 0.10 00120-78-131 Rockwd 12/4/78 TOC 0_08 mobs4 6

BX 104 TBP CW 71XD00XX Uquor 02/14189 0.47 8D-RE-T_200 Rov.O 1/21/81 TOC 8.18 In_ 4

BX 104 TBP CW 72XDOOXX Uquor 02/20_9 0.48 6D_E-TI-206 Rov_ 1/21181 TOC 6.02 gn_ 4
BX 104 TBP CW 71XCOOXX 8k_Qo/CompoeAo 02/14188 0.18 8D4_-TF206 RoyJ) 1/21181 TOC 1780 ugm_m 4

BX 104 TBP CW 72XCOOXX 8kx_ff_mnpeah 02/26_88 0_7 6D_E-TI-206 Roy.0 1/21_1 TOC 2710 ugm_m 4
BX 104 TBP CW RAT-BX104-1 _ 04/27/90 0.44 I.M. 8231_8032 WHC TOC 6.7 gmA 4
BX 104 TBP CW T-1785 6upemate 06/14_0 0.78 05453-80-225 flockwd 8/14/80 TOC 8.10 gm_ 4

BX 105 TBP CW 81XD00XX LkFmr 03/03_8 0.71 8E_E-T_202 Roy. 0 TOC 9.12 gn_ 4
BX 105 TBP CW 82XDOOXX Uquor 03_4_0 0.70 8E4qE-T_202 Roy. 0 TOC 9.76 gnd 4
8X 105 TBP CW 82XCOOXX Saud�e 03/04186 0.18 WHC40-1TG86 Roy 1 TOC 1800 ug_ 4

BX 105 TBP CW 81XCOOXX _e 03_3186 0.38 8EJ_E-TF202 Roy. 0 TOC 3700 uom_m 4
BX 105 TBP CW 82XCOOXX 81udgep'Conx_o_te 03/04189 0.18 8E-RE-TI-202 I_v. 0 TOC 1800 ugnVgm 4
BX 100 TBP CW R-0037 8upemste 03/18/90 0.33 D.8.1. from RL Weiss 3/16/90 WHC TOC 4.4 gn_ 4

BX 107 1C TBP RAT-BXI07-2 8kx19_ 08118/80 0.07 05453-80-206 Rockwd 9/16/80 TOC 0J)0073 gin/gin 11

BX 107 1C TBP R-6038 8upernato 03/18/90 OJ_2 D.SJ. from RL Weiss 3/1(V90 WHC TOC 2.7 gm/I 11
BX 109 TBP CW fl-0039 _e 03/18/90 0_2 0.8.1. from RL Weiss 3/16/90 WHC TOC 3 gm/I 4

_) BX 110 EB ITS RAT-BX110-1 81udge 09/18180 0.08 (16453-80-206 Rockwell 9/18180 TOC 0.00077 Ipn/gm 3
BX 110 EB ITS 1010_ 8k_ge 02/14/79 0.07 80120-7_024 Rockwd 2/14/79 TOC 0_7 wt._ 3

BX 110 E8 IT8 R-6040 8upernme 03/1 0/90 0.41 D.8.1. born RL Wekm 3/16/90 WHC TOC 6.8 gm/I 3
BX 111 EB IT8 R-6041 8upemate 03/18/90 0.40 D.8.1. from RL Weiss 3/16/90 WHC TOC 6.7 _ 24
BX 112 1C EB RAT-BX112-1 Gk_�e 06/11/79 1.02 05120-79-112 Rockwd 8/16/79 TOC 0.01015 gn_rn 12

BX 112 1CEB R-6042 8upemato 03/16/90 0.31 DJSJ. horn RL WEiss 3/16_0 WHC TOC 3.73 gm/I 12
BY 102 TBP IT R_081 8uperm_e 08/03_1 0.16 I.M. 28110J_L91_48 WHC TOC 2.2 gn_ 21

BY 102 TBP IT R_)91 8upemato 08/03/91 0.14 I.M. 28110-PCL81_48 WHC TOC 2 gm_ 21
BY 103 TBP F 1C R49088 8upemate 06/03/91 0.19 I._L 281104=CL914)48 WHC TOC 2.73 9n_ 3
BY 104 TBPFEB R-1773 _ 11112/92 0.91 WHC-GD-WM-TF640 10/12/92 TOC 9100 ugnVgm 3
BY 104 TBP F EB R-1776 Crest 11/12/82 1.10 WHC4SD_Nk_T_640 10/12/92 TOC 11000 ugn_m 3

BY 105 TBP F E8 R_082 8upem_e O8/03/91 0.22 I.M. 281104_L91<)48 WHC TOC 3.06 gn_ 3
BY 105 TBP F EB R_092 8upemate 00/03/91 0.20 I.M. 28110.PCL914)48 WHC TOC 2.79 9m/I 3

BY 100 TBP F EB R48083 8upemate 08/03/91 0.22 I.M. 28110-PCL914)48 WHC TOC 3.28 gm/I 3
BY 106 TBP F EB R48093 8upemate 08/03/91 0.21 I.M. 281104q::L914)48 WHC TOC 3.04 IIm/I 3

BY 107 TBP F EB 8-1450 Liquid 07/16/79 0.31 I.I. 65120-79-104_J TOC 4 _ 3
BY 109 TBP-ITS Uquid 01/011891 0.37 28110-PCL914)48 TOC 0.37 wt.% 21
BY 109 TBP-ITS R-8084 8upemate 06/03/91 0.32 I.M. 28110.PCUI14)48 WHC TOC 4.1 _ 21

BY 109 TBP4TS R48094 8upemate 08/03/91 0.34 1.04.281104_"U114)48 WHC TOC 4.77 9m_ 21
C 102 UNGROUPED R_B089 8upmnate 08/03/91 0_8 I.M. 281 lOJ=CUI14)48 WHC TOC 3_ gm/I 30

C 103 SRS-PSS FIXDOOXX Uquor 05/07188 0.08 8D_E-13-203 Rev.O TOC 7-37 gn_ 23
C 103 SRS-PSS F2XDOOXX Liquor 05/14188 0.69 8DRE-TI-203 Rov.O TOC 7J_ 9m/I 23
C 103 SRS-PSS F1XCOOXX Siudge/Compos#o 05/07188 0.39 8D-RE-TI-203 Ftn.O TOC 3900 ugm/gm 23

Note: All Laboratory Measurements £n Appendix B are wet or "as-is" values.



Appendix B,Laboratory Measurements

Tank 80RWT Sample 8amplo Refmnce % 80RWT
Farm Number Group 10 Typo Dato T.O.C Reference Andre Value Units GROUP •

C 103 8RS-PSS F2XCOOXX 8iudge/Composlte 05114180 0.28 8D_E-TI-203 Rov_ TOC 2030 ugm/gm 23
C 103 8RS-PSS riser 2 LJqtdd 05119/87 0.67 WHC 1331 IC-08<)48 TOC 0.67 wt.% 23
C 103 SRS-PSS riser 2 Lkluld 05119/87 0.67 WHC 13311C-08.048 TOC 0.67 wt,_ 23

C 103 8RSJ_3S riser 0 liquid 06/10/67 0.65 WHC 13311C_8<)49 TOC 0.66 wt.% 23
C 103 8RS-F'SS R-8108 8upomato 08403/91 0.70 I.M. 28110-PCL91-048 WHC TOC 7.40 gn_ 23
C 103 8RS-PSS R-8109 8upomate 09403/91 0.70 I.M. 28110.PCL91<)40 WHC TOC 7.44 om_ 23
C 104 UNGROUPED DIXDOOXX Liquor 04116/80 0.87 8D4_-T1-199 Rev.O 1/21/88 TOC 10.3 gn_ 30

C 104 UNGROUPED D1XCOOXX 81udge/Compoeite 04/16/80 0.44 8D4_-T1-199 Rev_) 1/21/88 TOC 4410 ugm/gm 30
C 105 UNGROUPED C1XDOOXX Uquor 04111/85 0.23 8D4_-TI-204 Rov_ 1/8/88 TOC 2.87 _ 30
C 105 UNGROUPEO CIXCOOXX 81udge_ 04111/80 0.10 8D4_-TI-204 Rov.O 1/8/88 TOC 900 ugm/gm 30
C 100 8RS-PSS 6olid 05/08/87 0.08 WHC 13311C-08,049 TOC 0.08 wt.% 23

C 102 8RS-PSS GIXCOOXX 61udgo/Compoeito 05119/80 0.40 8D-RE-TI-205 Rov.O 1/8/88 TOC 4020 tqlm/gm 23
C 100 SRS-PSS Uquld 09118/00 0.10 IL 05453-00-206 Rockwell TOC 0.19 wt._ 23

C 107 UNGROUPED R4D04O 8upemate 00403/91 0.09 IJVl. 28110.PCL91<)40 TOC 1.03 gm/I 30
C 110 1C,TBP R_087 8upemate 00403/91 0.05 I.M. 28110.PCL91<)48 TOC 0.032 grid 11
C 112 TBP-F 1C coro 34 Solid 04401/93 0.68 WHC EP0640 TOC 0.60 wt._ 8
C 112 TBP-F 1C core 36 8olld 04401/93 0.29 WltC EPO040 TOC 0_8 wt.% 8

C 112 TBP_ 1C coro 39 8olld 04101/93 0_7 WHC EPO640 TOC 0.87 wt.% 8

C 201 HS T-3421 81udge 12/04/78 0.21 40120-78-132 12/4/78 JEItmton TOC 0.2 mob_ 13
S 102 R EB Nquid 01401/80 2.42 8chutz, 1980 TOC Z.83 moim_ 1
S 102 R EB RAT-S102-3 Supemate 01/31/79 0.84 05120-79<)82 Rockwd 4J5/79 TOC 10.0 gn_ 1

S 104 R Composite 81udge 04113/90 0_3 WHC-8D-WM-T14S06 TOC 2280 uo/9 8
S 107 R EB 3148 8upemate 09407/78 0.98 00120-72<)91 RockwoU 9/7/78 TOC 11.8 _ 1
S 107 R EB 4251 8q)emate 10/18/78 0.20 00120-78-100 Rockwd 10/16/78 TOC 4 om/I 1
S 107 R EB RAT-S107-1 8up4m'mte 04/27/90 0.3 LM, 82310410.032 TOC 4 9m/I 1
S 107 R EB RAT-S107-2 8upemate 09/22/80 0.63 05463-80-270 Rockwell 9/22/80 TOC 9 gn_ 1

S 107 R E8 RAT-S107-3 8upomate 09/22/00 0.76 05463-00-270 Rockwen 8/22/00 TOC 0.28 Ore4 1
S 109 R EB 8q)emant TOC 0,198 wt.% 1
S 10_ R EB salt cake 01401/80 0.05 8chutz0 1980 TOC 0.051 moim_ 1
S 110 R EB liquid 01401/80 1.25 RHO,SAJl TOC 1.26 wt.% 1

S 111 R EB 1001<:: 6olidm 08/25/78 0.10 I.L. 40120-78.087 Rockwoii 8/26/'/6 TOC 1.28 _ 1
S 111 R EB 100311004-C Solids 08/26/78 0.89 I.L. 80120-78<)87 Rockwd 8/26/76 TOC 1.38 moimbl 1

S 111 R EB 1009-C 8olids 08/26/78 2.34 I.L. 60120-78-007 Rockwell 8/25/76 TOC 2.8 molod 1

S 111 R E8 10094(_ Supemate 08/25/78 0.42 I.L. 00120-78<)87 Rockwell 8/26/76 TOC 0.2 _ 1
S 111 R EB RAT-S111-1 Supemate 04/27/90 0.28 I.M. 82310-80<)32 WHC 4/27/90 TOC 4.2 9n_4 1

S 111 R EB P,AT-S111-3 8q)emate 08/25/78 0.40 LL. 00120-78-087 Roc_kwd 8/26/'/6 TOC 6 9m/I 1
SX 101 R E8 E<)0182 Supemate 02/07/79 0.24 I.L. 40120-79-018 Rockwd 2/7/79 TOC 3.12 gn_ 1

SX 101 R EB R-4884 Supemate 04/29/89 0.03 I.M. 12712-PCL�O<)43 WHC 2/22/90 TOC 0.32 _ 1
SX 101 R EB RAT-SXI01-1 8upemate 10/29/80 0.38 I.L. 06463-80-319 Rockwd 10/29/80 TOC 0.328 molm_ 1
SX 101 R EB RAT-8XI01-2 8upen_te 10/29/80 0.57 LL. 65453-80-318 Rockwog 10/29/80 TOC 0.484 mob_ 1
SX 102 R EB ealt cako 01401/80 0.20 Schultz, 1980 TOC 0.21 mob_ 1

SX 102 R EB T-2959 8upernato/8olid$ 09403/80 0.82 I.L. 65453-80-280 Rockv_dl 9/3/80 TOC 12.7 gn_ 1
SX 103 R EB sal_ cako 01401/80 0.20 8chultz, 1980 TOC 0.21 moh_ 1

SX 103 R EB 1104 Solids 10110/77 4.60 I.L. from JL 8tan Rockwd 12110/7 TOC 92 gn_ 1
SX 104 R E8 RAT-SX104-3 Supemate 05114/88 0.33 I.M. 12221-PCL88-147 WHC 8115/8e TOC 5 9n_ 1
SX 104 R E8 UqukJ 08/15/88 0.25 WHC I1_ 12221-PCL88-147 TOC 0.26 wt.% 1

SX 104 R EB Lk:liuid 08/15/88 0.11 WHC IL. 12221-PCL88-147 TOC 0.11 wt.% 1
SX 100 R EB 5208 Supemato 11113/78 0.09 00120-78-149 Rockwd 12/22/78 TOC 1.2 9n_ 1

SX 100 R EB 8301 8upernato 04/18/78 6.90 00120-78055 Rockwd 8/29/72 TOC 8.8 nnobs_ 1

Note: All Laboratory Measurements in Appendix B _re wet or "as-ls" values.



Appendlx B, Laboratory Meaaurements

Tank SORWT Sample Sample Rofe_nce % 80RWT

Farm Nun-J:_r Group ID Type Date T.O.C Rofemnce Analy_ Value UnlZs GROUP #
SX 106 R EB RAT_XIOIS-2 8upemate 02/28/77 5.03 I.L. from JE Horton 3/31/77 ARHC TOC ii,07 mo4o_ 1
SX 100 R EB RAT-8XIO0-2 8upernMe/8olids 02/28/77 6.03 I.L. from JE Horton 3/31/77 ARHC TOC 7JS ntglos/I 1
SX 107 R RAT-SXI07-1 8qpmmate 09/06/79 0.39 05120-79-134 Rockwd 0/6/70 TOC 4.8 _ tS

T lOt CW MIX RAT-T101-2 8upemate 04/27/90 0.06 I.M. 823104104)32 WHC 4/27/90 TOC 0.8 9m/I 19
T 104 UNGROUPED 09/01/92 0.01 WltC internal bettw TOC 0,01 wt,_ 30

T 104 UNGROUPED RAT-T104-1 8Judge 11113/79 10.49 05124-79017 Rockwe4 11113/79 TOC 0.1049 gin/gin 30

T 104 UNGROUPED RAT-T104-2 81udoe 09118/00 10.23 05463.80-206 Rockwd 9/18/90 TOC 0.102211 gin/gin 30
T 107 TBP-F,1C R-3872 8upomate 03/06/86 0.07 06463-88-043 Rockwell 3/6/86 TOC 0.824 9m4 8
T 107 TBP-F,1C RAT-T107-1 8upemato 08/01/89 0.07 IJ_l. 12712.0CL89.144 WHC 8/1/08 TOC 0.884 9m/I 8

"T 111 " There hu been rocent data on tank T 111, butwasnot mvdibiodudngmportpro_
T 112 2C,224 RAT-T112-1 Superego 10/27/97 0.19 12221-PCL.016 WHC 10/27/87 TOC 2.62 gm/I 14
T 204 224 1914 81udoo 12/04/78 0.07 80120-78-132 Rockwell 12/4/78 TOC 0.6 moim_ 6

TX 102 R-EB RAT-TXIO2-1A Fkrmte 02303/81 0.38 084634Jl.029 lt0ckwd 2/3/01 TOC 6.64 gm/I 1
TX 102 R-EB FIAT-TXI02-2 6upenmte 02/03ml 0.10 05463-81-029 Rockwell 2/31/81 TOC 2.38 gn_ 1

TX 102 R-EB RAT-TXI02-1 Supemate/Solido 02/03/81 0.19 05453-81-029 Roctkwd 2/3/81 TOC 2.78 _ 1
TX 103 TBP, EB T-1405 Liquor 09/21/79 0.27 05120-79-161 Rockwd 0/21/79 TOC 3.4 gn_ 2is
TX 103 TBP,EB T-14IS7 Uquor 09/21/79 0.27 05120-79-161 Rockwd 9/21/79 TOC 3.38 _ 2iS

TX 103 TBP, EB T-1470 U(F_ 09/21/79 0.28 05120-79-161 Rockvmil 9/21/79 TOC 3_48 gm/I 20
TX 105 R EB RAT-TX105-1 8upomate 02J03/81 0.87 65463-81-029 Ro_kweil 2/3ml TO(:: 11_3 _ 1
TX 106 R EB RAT-TXI09.1 8upemate 02/03/91 0.43 65453-81-029 Rockwd 2/3/81 TOC 9.4 gn#l 1

TX 108 EB TBP RAT-TXI08-1 8upemato 02/06/01 OJS9 is5463-81.030 Rockwell 2/6/81 TOC 0.88 moim_ 22
TX 109 EB 1C RAT-TXI09-2 Supemato 02/03/81 0.67 65463-81_29 Rockwd 2/3/81 TOC 8.64 9m/l 20
TX 110 E8 1C RAT-TX110.1 Supemate 08/04/79 0.61 I.L fmmSpeciMAnalyMsIqlockweil TOC 0.111 ism/I 2

TX 110 EB 1C RAT-TXllO-2 Supemate 02/10/91 0.30 65463.81.038_ 2J10/81 TOC 4.11 _ 2

_ZJ TX 110 EB IC FIAT-TX110.4 8upemate 02,403/81 0.30 05453-81.029 Rockwd 2/3_1 TOC 4.11 _ 2
TX 111 EB 1_ RAT-TX111-1 8ulp4m_to 02/03/81 0.4is 05463-81.029 Rockwd2J3/81 TOC 0.48 gn_ 24_
TX 112 EB 1C RAT-TX112-1 Supemato 02/03/81 0.27 65463-81<)29 Rockwd 2J3_1 TOC 3.11 9mn_ 2

TX 114 EB 1C RAT-TX114-1 Supemato 02/03/81 0_0 06463-81-029 Rockwd 2/3/81 TOC 2J84 gm/I 2
TX 115 EB R RAT-TX115-1 8qp_nate 02/03/81 O.O3 06463-81-029 Rockwd 2/3/81 TOC 0.32 lima 7
TX 116 EB R RAT-TX119.1 8upemate 02J03/91 0.07 IS8463481-038 Rockwd 2J3/81 TOC 0.99 gm/i 7

TX 116 EB 1C Uquid 02,403/01 0.08 I.L. 66463-81.029 TOC 0_8 wt._ 2
TX 118 EB TBP ikluid 01/01/90 3.22 RHO4L4-61 TOC 3.22 wt% 22
TX 118 EB TBP RAT-TX118-1 Liquor 01/28/80 0.10 05124-069-80 Rockwell 1/28/80 TOC 2.1 gm/i 22

TX 118 EBTBP RAT-TX118-3 Uquor 01/28/80 0.14 05124-068.80 Rockwd 1/28/80 TOC 1.87 _ 22
TX 118 EBTBP 8385 8q)emato 03/21/79 0.02 I.L, from Spec_ AnaiyM8 ARHC TOC 0.19 gn_ 22
TX 118 EBTb _ RAT-TX118-4 8upemate 10/10/81 0.10 05463-81-331Rockwd 10/16/81 TOC 1.28 gnkl 22

TX 118 EBTBP RAT-TX118-5 8q)ern_e 10/10/91 0.11 05463-81-331 Rockwd 10/16/81 TOC 1.38 gn_ 22
TX 118 EB TBP RAT-TX118-6 Supemate/SotMs 10/16/91 1.0is 65463-81-331 Rockwd 10/16/81 TOC 0.0106 9m/gin 22

TY 101 ungmuped T-3533 Fiitrato 12,41)0/82 0.02 06463-82-436 Rockwd 12/8/82 TOC 0.2 _ 30
TY 101 ungrouped 51XC0000 81ud�e/Compoaite 09111/86 0.07 8D-RE-TI-186 Rev,O 7/8/67 TOC 603 uom/gm 30
TY 102 EB 1C FIAT-TYI02-1 8airs 02/01/80 0.24 05124_0.077 Rockwell 2/1/00 TOC 0.00230 gin/gin 2

TY 102 EB 1C 41XC0000 8k_ge/Com_Mto 09/09/85 0,03 80-RE-TI-183 Rev,0 7/30/87 TOC 327 ugn_m 2
TY 103 TBP 1C,F 33XC000 Liquor 08/21/85 0.10 8D-RE-TI-184 Rov.O 7/30/87 TOC lJ4 _ 27

TY 103 TBP 1C,F RAT-TYI03-1 8kxlge 09118/80 O.11 65463-80-205 Rockwell 91UMBO TOC 0,0011 gin/gin 27
TY 103 TBP 1C,F RAT-TYI03-2 8k_lge 02/01/80 0.00 05124-80-077 Rockwd 2/1/90 TOC OJD04 wt.% 27
TY 103 TBP 1C,F 31XC0000 8kadge/Compo_e 08/21/85 0.07 8D-RE-TI-184 Rov.O 7/30/87 TOC 715 ugn_gm 27

TY 103 TBP 1C,F 32XC0000 8tudge/CompoMto 08/21/85 0.15 81)-RE-TI-184 Rov.O 7/30/87 TOC 1490 uOm/Om 27
TY 104 TBP 1C, F 2111)0000 Liquor 08/06/85 0.18 8D-PJE-TI-182 Rev.O 0/30/87 TOC 1_4 on_ 27
TY 104 TBP 1C.F 232D0000 Liquor 08/12/85 0.17 80-RE-Ti-182 I_v.O 0/30/87 TOC 2.06 gm/I 27

Note: All Laboratozy Measurements in Appendix B are wet or "as-18" values.



Appendix B,Laboratory Measurements

Tank SORWT Sample 8am?b Rofemnce % 8ORWT
Farm Number Group ID Type" Date T.O.C IFkem Analyte Value Units GROUP•

TY 104 TBP 1C,F 241DOOOO Uquor 08/06/85 0_0 8041E-TI-182 Roy.06/30_7 TOC 2A1 _ 27
TY 104 TBP 1C,F RAT-TY104-1 Sludge 12J20/78 0.40 05124-79<)48 Fiockwell12/20/78 TOC O_O4 lint/gin 27
TY 104 TBP 1C,F RAT-TYI04-2 81udoe 09118/80 2.80 66463-00-206 Rockwell8/18/80 TOC 0.028 _ 27
TY 104 TBP lC,F 232SOOOO 8&xSOe/ComPm/o O8/0(V88 0_1 8D4tE-TI-182 Rev.O (Sr30_7 TOC 2100 upn_Om 27
TY 104 TBP 1C,F 24180000 8iudge_ O8/00/05 0.28 6D.RE-TI-182 flov.0 6/'30/87 TOC 2700 ugm/gm 27
TY 104 TBP 1C,F 26180000 _ 08/14/86 0.20 6D-RE-TI-182 Itov.O6/30/67 TOC 1960 ugnt0gm 27
TY 104 TBP 1C,F 281:5OOOO 61udge/Com?osl_ O8/10/85 0.09 6D.TtE-TI-182Rw.0 6/30_7 TOC 907 _ 27
TY 105 TOP RAT-TY105-2 81udge O9/18/80 1.O0 65453-80-295 Rockwell8/18/60 TOC O.01 gm/�m Z6
TY 105 TBP OlXCOOOO 81udge/ComposAe O9/13/85 0.08 8D-RE-TI-1INDRoy.0 7/8/87 TOC 006 u0m/gm 26
TY 100 TBP FtLAT-TYI06o2 81udge 09118/90 0.09 86463JN)-295 RocJ(wl 91Ul/60 TOC 0.00092 0mfgm 25
TY 100 TBP 111COOOO _e 07/31/85 0.26 $D.RE-TI-181 Roy.07/6_7 TOC 2480 uom/gm 26
TY 106 TGP 161COOOO 8kadoe/Compo_e 09/28/65 0.21 6DRE-TI-101 Itov.O7/6/67 TOC 2060 u0m/gm 26
U 103 EBR 8793 6airs 08/16/77 3.38 I.L. fromJL 8tan 12tl4/77 Rockwei TOC 44 _ 7
u 103 EBR 3064 8olids 12./04/78 0.69 90120-78-13ORockweil 12/4/78 TOC 0.8 mo/a_4 7
U 105 EBCW RAT-U105-3 _ 12J04/78 2.80 80120-78-126 Rockwl 12/4/78 TOC 2.8 wt._ 10
U 105 EBCW 968 6olids 10/06/77 3.38 I.L. fromJL 8Tan 1/10/78 Rockwd TOC 44 gen_ 10

u 109 E8 R Ol/01/6o 9.oe RH_4SA4Sl TOC O.sO wt._ 7
OuUinefor Tank C_aractedzamn Repo_

U 110 ungrouped segment 1 8oJds O1/01/90 0.05 6ST U-110 TOC 0.06 wt._ 30
OuUinetot Tank Charactedzaion Rm_

U 110 ungrouped segmem 1 8oads 01/01/90 0.04 88T U-110 TOC 0.04 wt._ 30
OuUk_ forTank CS1_actJ_;uL_'t

U 110 ungrouped segment2 8oikio O1/01/90 0.06 8ST U-110 TO(: O.00 wtA& 30
Outlk.mfotrTankCharac_m'_mlonRopmt

U 110 un0rouped segment2 6olids O1/01/90 0.07 88T U-110 TOC 0.07 wt.% 30
OuUkwfor TankChKac_d=Mkm RopoN

;'_ u 1lO un0ro,.,ped _ 3 Soad. O1_01n;O 0.05 SST U4 10 TOC 0.05 wt._ 3O
OuUbmI_r T_ Cha_zmion

U 110 un_roup_ _ 3 _lids 01/01_0 0.04 _T U-110 TOC 0.04 wL_ 30
OuUk_ fo_Tank C_a_c_i_o_ Report

u 110 unorouped segment4 8olkls 01/01/90 0.11 88T U-110 TOC 0.11 wt.% 30
OuUIm for Tank almlCtednUon _

U 110 ungroup_ segnm_ 4 8olMs 01/01/90 0.11 68T U-110 TO(:: O.11 wL% 30
U 111 Ikluid O1/01/80 3.66 RHO-SA-61 TOC 3.86 wt.% 7
U 111 EBR P_T-U111-2 8km'y 09/23/80 0.62 65463-@0-273 Rockwd 9/23/80 TCC 0.62 wt.% 7
U 111 EBR RAT4J111-3 Sluny 09/2:V80 0,154 06453-80-273 Rockwd 11/23/80 TO(: 0.64 wL% 7

Note: All Laboratory Measurements in Appendix B are wet or "as-£s" valueo.
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Appendix C

Description of Sort On Radioactive Waste Type Groups

To further elaborateon the results of the Son On RadioactiveWaste Type (SORWT) model, brief
descriptionsof the most significant waste type groups predictedby the model have been included and
are given below. Acronyms identifyingthe waste types are listed at the end of this appendix.

IIIIIlllI III 'llllllllI I' 'rlll'l I lill I 'I _ lrr"

............. R, EB..... ] (Group Number 1) .......

As previously mentioned, this waste type group is the most significantgroup predicted by
SORWT in terms of numberof tanks and total waste volume. The 21 tattleswithin this
group contain9,798,000 gallons of total waste--8,361,000 gallons of salt cake and
1,328,000 gallons of sludge. All 21 GroupI tankscan be found in three different 200 West
Area Tank Farms---S,SX, and TX Farms. These tanks typically received a large amountof
high-level reductionoxidation (REDOX) waste (R) during the 1950s. This waste is most
likely responsible for the sludge accumulationin these tanks. These tanksalso received

large amounts of evaporatorbottoms (EB), usually from the 242-S Evaporatorin the early
1970s. This super-saturated,high-nitratewaste cooled in the SSTs and formed an extremely
hardsalt cake. Although the processing history of these tanks between the addition of the R
in the 1950s andthe EB in the 1970s differs slightly, it is believed that these two waste
types predominantlydictate the physical and chemical characteristics of the waste. Some of
the tanks in this grouphave no reportedsludge accumulation. This is probablybecause
poor measurementswere taken before salt cake formation. Once the salt cake crystallized
in a tank, it became impossible to measure the volume of sludge. Because of the extreme
hardness of the salt cake, there are technicalobstacles that preventcore sampling any of
these tanksat this time.

IIIIIIIIII III II

EB, IC ...... I (Group Number 2)

This 9-tank group contains approximately3,985,000 gallons of waste. The vast majority of
this waste--3,945,000 gallons--is salt cake. All but two of these tanksare located in the TX
Tank Farm. One tank is located in B TankFarm. These tanksare characterizedas having
received large quantitiesof EB, mainly from the 242oT Evaporator. They also received
modest quantities of 1C waste. Tank B-105 received 1C before the EB, which might
explain the limited sludge accumulationin this tanknot exhibited by the others. Once
again, the hard salt cake formationraises significanttechnical issues thatmust be solved
before sampling these tanks.
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I

TBP-F, EB-ITS [ (Group Number 3)

This group contains i0 tanksand is the secondmost significant in terms of numberof tanks
and total waste volume. The tanks in this group hold 3,980,000 gallons of waste. The
majorityof this waste-3,344,000 gallons--is salt cake. These tanks also contain substantial
amountof sludge. All I0 of these tankscan be found in the BY Farm located in the 200
East Area. These tanksoriginally held metal waste (MW) from the bismuthphosphate
process but were completely sluiced out in the early 1950s. No significant amounts of MW
remainedin the tanksand it is not con.qideredby the SORWTmodel. After sluicing, these
tanks received tributyl phosphate(TBP) ferrocyanide.scavengedwaste from U Plant. This
scavenged waste is probablyresponsible for thesludge buildup in the tank. During the late
1960s and early 1970s, these tankswere connected to the In-TankSolidification (ITS-2)
loops. This process, by which one tank in the loop was used as an in-tankevaporatorand
the rest of the tanks as liquid holders, concentratedthe waste and reduced the liquid
volume. This resultedin salt cake formation. In light of the presence of high
concentrationsof ferrocyanidein these tanksand the hardnessof the salt cake, there are
significant safety andtechnical difficulties associated with sampling this waste type group.

ii iii ii i iii ii11 _ IHIII i i i iii iiii
I

TBP, CW I (Group Number 4)
Ilmll I I fill I_ I [ I ....... i [ Ill II Ill I I I I I II 1

This7-tankgroup,locatedalmostentirelyinBX TankFarm,contains489,000gallonsof

waste.Nearlyallofthecontentsofthisgroupissludge.Saltcakehasonlybeenobserved
inonetank(BX-105)andthe3,000gallonsofsaltcakeisduetoasmalltransferofEB into
thatparticulartank.ThesetankswereoriginallyfilledwithMW inthe1940s.Intheearly
1950stheyweresluicedoftheircontentstoprovideroomforTBP waste.Additionofthis

wastetypebeganinthemid-1950s.Theadditionofcladdingwastebeganinthemid-1960s.
Thevariousothertransfersthatoccurredinthesetanksshouldnotaffectthecharacteristic

ofthewastesignificantly,relativetotheprimaryandsecondarywastes.TanksBX-105and

TankBX-106werecoresampledpreviouslyandprovideinsightintothechemicalcomposi-
tionofthesetanks.Additionalsamplingofthesetanksposesnotechnicalorsafetyissues.

TankBX-104isonthePush-ModeListandwouldbeagoodchoiceforsampling.
Irln I " 'II" I ,

C.2
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.................... 224 { .... (Group Number 5).........

This 8-tank group represents 280,000 gallons of waste. The majority of the waste is sludge.
No salt cake formation has been observed in these tanks. All 8 tanks are 55,000-gallons,
200 Series tanks located in B Tank Farm and T Tank Farm. These tanks received exclus-

ively 224 waste. In light of the singularity of the waste type introduced into these tanks and
the similarity of process history (i.e., the near absence of any inter-tank transfers), the

composition of this group should be very uniform between tanks. There are no safety or
technical issues prohibiting the sampling of these tanks. Tanks B-201 and B-202 have been
selected in the Waste Characterization Plan, Rev. 2 (WHC), as the next single-shell tanks
(SST) to be sampled. These sampling events should occur in the summer of 1991. The two

sets of core sample analyses will aid in measuring the uniformity of the waste in this tank
group.

ill tl I tlt tt llllllt t I I

R [ (Group Number 6) .....

Group V is a 7-tank group exclusively containing high-level R. These tanks hold 892,000

gallons of waste. The majority of waste-888,O00 gallons-is sludge. No salt cake form-
ation has been observed in these tanks. It is of interest to note that R forms sludge withovt
any further waste volume-reduction processes. Five of these tanks can be found in the SX

Tank Farm and all are located in the 200 West Area. There are no safety or technical
sampling issues associated with the majority of this group. The exception is Tank SX-109,
which is on the Wyden Bill List as a gas-generating tank. Tank S-104 is on the Push-Mode

List core sampling list. Sampling and analysis of S-104 would contribute greatly to the
existing body of characterization knowledge. The analysis of this tank would not only
significantly aid in characterizing this particular 7-tank group but would also help character-
ize several other groups containing large amounts of R-type waste.

III It I I II I ItlltlttI I IIIt tt t

, .EB, R , ] (Group Number 7)

Group VII consists of five 200 West Area tanks, mostly from U Farm. These tanks contain

2,037,000 gallons of waste. The vast majority of waste is salt cake. These tanks were
filled with MW in the 1940s, but were completely sluiced out in the early 1950s. Large
quantities of high-level R were introduced into these tanks and allowed to remain there for
many years. In the early 1970s, large volumes of R supemate were transferred from the

tank and replaced with EB from the 242-S Evaporator. This caused a salt cake to form over
the majority of these tanks. The small amount of sludge that accumulated in these tanks is
probably due to the R present before the EB. In light of the hardness of the salt cake, these
tanks offer technical difficulties that must be solved before sampling. These tanks should be

very similar to Group I tanks and differ from Group I mainly in the ratios of R to EB.
These tanks might be so similar that they can be included with that group; however, these
similarities can only be verified by core samples.

C.3
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............ TBP,F, IC ..... ,......... [ ........... (Group Nmn,ber 8) ....

This 5-tank group contains478_000 gallons of waste and approximately465,000 gallons is
sludge. No salt cake has been observed in these tanks. The 4C farmtanks were used as the
primarysettling tanks during the In-FarmScavenging campaignduring the 1950s. These
four tanks were originally filled with lC waste in the 1940s. The supernatewas transferred

out of the tanks to makeroom for the TBP-scavengedwaste that was allowed to settle.
These two wastes formed the vast majorityof the solids loca',-d in these two tanks. The
other tank in this group (T-107) has a processing history similar to the rest of this group,
The difference is it received its ferrocyanidescavenged TBP waste from the U Plant
scavenged test. These two TBP-F wastes may be slightly different. All of these tanks are
on the Wyden Bill List because of their ferrocyanidecontent. Although none of these tanks
are on the Push-Mode List, recent surveillance photographsof C-112 indicate that the crust
is relatively soft and should pose no technical difficulties in sampling. However, significant
safety issues need to be resolved before a samplingevent. Because C-112 was the most
frequently used In-FarmScavenging tank, it would be of immense interest to the safety
programand provide valuable insight into the ferrocyanidesafety issue.

_1 I If I I II II I I I

DSSF, NCPLX (Group Number 9)

This 4-tank group containsa total of 2,113,000 gallons of waste. Salt cake comprises
1,717,000 gallons of this waste while 387,000 gallons are sludge. These tanks initially
received either plutonium-uraniumextraction(PUREX) high-activity, neutralizedacid waste
(P) or B Planthigh-level waste (B). However, all of these tanks were sluiced of their con-
tents in 1976. The waste types added to these tanks after sluicing were DSSF and Noncom-
plexed waste. These waste types generic terms describingthe potential for further
processing of the waste instead of the original source of waste. Because these generic terms
are so general, little can be determined concerningthe homogeneity of the waste in this
group. In fact, one tank in this group contains only sludge while the rest containmostly salt
cake. Although the total volume of this group is highly significant, the uncertaintyof the
waste types in these tanks makes this group less important.

i HI.m,H I I I I I II, I I I IIIII !_
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EB, CW I (Group Number 10)

These tour tanks (all in U Farm)contain 1,755,000 gallons of waste. Salt cake comprises
1,520,000 gallons of this waste while sludge comprises only 124,000 gallons. These tanks
were filled with MW in the late 1940s or early 1950s. In the mid- to late 1950s, the MW
was sluiced from the ta_-,kto provideroom for CW. The supernatantportions of the CW
were flushed out of the tanks in the early 1970s by various liquid transfers. In the mid- to
late 1970s, large amountsof EB from the REDOX evaporatorandthe 242-S Evaporator
were added to these tanks. (The EB are responsible for the salt cake formation.) All of the
tanksare on the Wyden Bill List for either gas generationor acetatecontents; therefore,
there are safety andtechnical issues pertainingto sampling this tank.

mR
I

1C, TBP [ (Group Number 11)

This 5-tank group contains 715,000 gallons of waste. The vast majority of waste is sludge.
Even though this group transcendsfourdifferent TankFarms in both the 200 East Area and
the 200 West Area, these tankshave very similar processing histories. They were filled
with 1C waste in the 1940s. A portionof this volume was drained in the early 1950s and
that tanksbegan receiving TBP waste. The solids volume that was measured at this time
did not accumulatv furtherduringthe rest of these tanks'histories. The additional transfers
were mostly liquic_in natureand had little effect on the sludge volume. No salt cake has
been observed in these tanks, even thougha small amount of EB was introducedinto T-108
(apparentlynot enough to catalyze crystallization). Although none of these tanksare on the
Push-Mode List, recent surveillance photographsfrom TankBX-107 indicatethat the crust
is soft and should not pose any problemsfor sampling.

1C, EB [ (Group Number 12)

i

This 4-tank group of B and BX Farmtankscontains 553,000 gallons of waste. Nearly all of
the waste is sludge. These tanksall received 1C waste in the late 1940s and early 1950s.
In the mid-1950s the supernatantportionof the 1C waste was transferredfrom the tanksand
they began receiving EB waste. The EB must not have been very concentratedbecause the
characteristicsalt cake did not form. All of these tanks also received appreciableamounts
of CW in the 1960s.

i i ii i ii '
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HS
i (Group Number 13)

This 4-tank group of 55,000-gallons, 200 Series tanks is located in the C Tank Farm.

These tanks received MW in the 1940s but were sluiced in the early 1950s. After sluicing,
these tanks received only waste from the Hot Semiworks. The majorityof this waste was
removed from these tanks in the late 1960s and early 1970s. The total waste remaining in
these tanks is only 11,000 gallons. This minor volume designates this tank group as being
insignificant relative to other groups or even single tanks.

2C, 224 I (Group Number 14)

This 3-tankgroup contains 904,000 gallons of total waste. The majority of waste--892,OO0
gallons-is sludge. These SSTs also were connected in a 3-tank cascade. The processing
history of these tanks is very similar. They all received 2C waste in the 1940s and early
1950s until the cascade was full. In 1952, these tanksbegan receiving 224 waste and the
excess supernatewas cascaded to a crib. The first two tanks in the cascade (T-110 and
T-111) only received these two wastes. TankT-112 received dilute decontamination waste
(DW) and a mixture of liquid wastes in the late 1960s and early 1970s. These transfers
would not have significantly altered the characteristicsof the waste relative to the first two
waste types. Tank T-111 is on the Push Mode List, should not pose any safety or technical
issues, and would be a good choice for core sampling. TankT-110 is on the Wyden Bill
List for gas generation.

I
i

2C, 5-6 [ (Group Number lb')

This 3-tank group, located in the B Tank Farmof the 200 East Area, contains516,000
gallons of waste. The majority of waste-511,000 gallons-is sludge. These three tanksalso
were connected in a 3-tank cascade. The cascade was originally filled with 2C waste in the
1940s, cribbed in 1950, and refilled with2C waste. The continuous overflow in B-112 was

cribbed. The cascade began receiving 5-6 waste from B Plant in 1952 and fission products
in 1963. The cascade received B Plant low-level waste (BL) and ion exchange waste (IX) in
the late 1960s and early 1970s, but these were mostly liquid in natureand are not consid-
ered significant contributorsto thephysical and chemical characteristicsof the solids
remaining in the tank, relativeto the previous three wastes. Tank B-112 received EB and
recycle from the ITS loop. This EB-ITS waste did not cause the formationof salt cake
typically exhibited by this waste form. Seven core from TankB-110 were obtained in 1989
and 1990 as part of Phase 1A and 1B of the Waste CharacterizationProgram. These core
samples underwentextensive analytical testing andprovide excellent datafor physical and
chemical characterization of this group.

i i i i
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R, RIX [ (Group Number 16)

Group XVI consists of three SX farm tanks, which hold 368,000 gallons of waste. All of
this waste is sludge. These tanks received REDOX high-level waste after they were
released to operations in the mid- to late 1950s. These tanks received only R until the early
1970s when RIX was introduced into these tanks. In the mid- to late 1970s, these tanks

received minor quantities of various waste types, mostly liquid in nature. Tank SX-114
received a small amount of EBwaste but not in sufficient concentrations to catalyze crystal
formation.

1C, CW [ (Group Number 17)

These two T Farm tanks contain 119,000 gallons of waste. The majority of waste--2,000
gallons--is sludge. No salt cake has been observed in these tanks. These tanks initially
received 2C waste in 1947. The cascade was then filled with 1C waste from 1948 until

1955. These tanks then began receiving CW in large quantities. A large amount of solids
accumulation has resulted from these three waste types. In the 1970s, a nmnber of different
liquid wastes was transferredthrough these two tanks but these wasted did not affect the
solids content to the degree of the previous three wastes.

CW, EB [ (Group Number 18)

This 3-tank group contains 204,000 gallons of waste. The cast majority of this waste is
sludge, but 10,000 gallons of salt cake has formed in one of the tanks. These tanksalso
were connected in a 3-tankcascade. The cascade was originally filled with MW in the
1940s and, as was typical with MW, sluiced out in the early 1950s. The cascadethen began
receiving evaporatedcladding waste (CW). Apparently the CW was not concentrated to the
point of salt cake formationbecause of the limited amountof this waste form observed in
the tank. The cascade also received unconcentratedCW in the 1960s. These tanksreceived

BL and IX in the 1970s, but these predominately liquid wastes are not consideredto have
_ignificantly contributedto the solids formationin the tank.
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CW, MIX (Group Number 19)

This 3-tank cascadecurrentlyhold 192,000 gallons of waste. The majorityof waste-
145,000 gallons--is sludge. No salt cake has been observed in these tanks. The cascade was
initially filled with MW in the 1940s andemptied in 1951. Tank T-101 received a small
amountof TBP scavengedwaste from a plant pilot test of the process. This waste was then
flushed from the tank. The cascade was again filled with MW in 1955 but emptied the fol-
lowing year. TankT-101 is listed as a ferrocyanide tank, but this waste was removed and the
tankwas effectively sluiced twice afterwards. It is unlikely thatany appreciableamount of
ferrocyanideremains in this tank. The empty cascadewas thenfilled with CW beginning in
1957. This single waste type remaineduntil the early 1970s, when a mixture of liquid waste
was flushed throughthis cascade. The liquid wastes are considered to have hadonly a
limited impact on the characteristicof the solid waste remaining in the tank. Tank T-101 is
on the Push-Mode List and would thereforepresentno technical difficulties in sampling. Its
presence on the Wyden Bill List is due to the hypothesizedferrocyanidecontent. Successful
samplingand analysis of this tank might ensure the absenceof this compound and remove
this tank from the Wyden Bill List. This makes the tanka qualityselection for sampling.

i

[ (Group Number 20)
CW

These three 200-Series tanks from U Farm contain only 13,000 gallons of waste. The history
of these tanks indicates that the predominant waste type in these tanks is CW. The insign-
ificant amount of waste contained in these tanks makes this group virtually irrelevant.

TBP, EB-ITS [ (Group Number 21)

i

This pair of BY Farm tankscontains a combined total of 907,000 gallons of waste. The
majority of this waste--771,000 gallons-- is salt cake while 87,000 gallons is sludge. Both
tanks received MW before 1955 but were sluiced of their contents. Beginning in 1955, both
tanks received TBP waste. Both tanksreceived quantities of CW in the early 1960s and were
connected to an ITS loop in the late 1960s. Tank BY-1O2belonged to ITS No. 1 andBY-1O9
belonged to ITS No. 2. Despite being connectedto differentITS loops (and operatedby
differentprinciples), the solids remainingin the two tankscan b" expected to be relatively
similar. These tanksboth received TBP and CW before ITS. The hardnessof the salt cake
will prohibit sampling until a hard cake sampleris developed.

i i
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EB, TBP [ (Group Number 22)

This pair of TX Farm tanks contains 481,000 gallons of waste and all of it is salt cake. The

processing histo:'y of these two tanks is slightly different; however, the major waste types
are the same. Tank TX-108 received MW in the late 1940s, which was sluiced out in the

early 1950s. A minor quantity of R waste was introduced into this tank in the mid-1950s.

On top of this R heel, a substantial amount of TBP waste was added. Tank TX-118

received 1C waste in the early 1950s. Most of this waste type was transferred out of the

tank. The TBP waste was added on top of this heel. In the late 1960s and early 1970s,

significant quantities of EB from the 242-T Evaporator were added to both of these tanks,

which caused salt cake formation. Tank TX-118 is on the Wyden Bill List because of
unconfirmed transfers of ferrocyanide-scavenged waste.

SRS, TBP I (Group Number 23)

Both of the tanks in this group are located in C Farm and contain 429,000 gallons of waste.

The bulk of this volume--372,000 gallons--is sludge. This group received MW in the 1940s

but this waste type was removed from these tanks in the early 1950s. The group was then
filled with TBP waste. During the 1960s, these tanks received various quantities of P and
CW. In the early 1970s, these tanks received large quantities of a highly mixed liquid
waste, which was later transferred out. This liquid probably did not greatly affect the

solids. In 1976 and 1977 these tanks received a large transfer of strontium sludge (SRS),
which greatly added to the solids volume in the tank. This waste type was considered the

most significant contributor to the solids characteristics because of its relatively large
volume and high radioactivity content.
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C, EB-ITS i (Group Number 24)
1

The two BX Farm tanks contain 429,000 gallons of waste--152,000 gallons of salt cake and
257,000 gallons of sludge. Both of these tanks received 1C waste in the late 1940s and
early 1950s. Tank BX-110 received some EB in the mid- to late 1950s. Both tanks re-
ceived CW and IX wastes in the before 1960s before receiving EB from one of the ITS
loops. The physical forms of the waste, as reported by Hanlon (1990), are very different
for these two tanks. The majority of BX-110 is sludge and only 9,000 gallons (-- 3 1/4
inches) is salt cake. Tank BX-111 exhibits a greater amount of salt cake (143,000 gallons)
than sludge (68,000 gallons). These differences in the reported physical form might result
from imprecise sludge measurements during the early history of these tanks or it might be
the consequence of real differences between the tanks. This question cannot be answered
until one or both of the tanks has been core sampled.

I
I

TBP I (Group Number 25)

This pair of TY Farm tankscontains248,000 gallons of waste. All of this waste is sludge.
These tankshad a very simple processing history. (They received only one waste type--
TBP.) These tankshave been previously core sampled, and selected portions of the analyt-
ical results can be found in AppondixE.

_mk m,
I

TBP:, EB ] (Group Number 26)

This pair of tanks T 109 and TX 103 compri;;esludge waste with a total volume of 215,000
gallons of waste. These tank comprise 1% of the sludge of the total volume of all tanks.
Both tanksreceived TBP waste.

TBP, 1C-F ] (Group Number 27)

This pair of ferrocyanidetanks is located in TY Farm and contains 208,000 gallons of
waste. The majority of waste--205,000 gallons--is sludge. No salt cake has been observed
in these tanks. These tanksreceived TBP waste in the early 1950s. During the mid-1950s,
the supernatewas transferredout and ferrocyanide-scavenged1C waste placed on top of the
TBP heel. These two waste types causedsignificantsolids accumulation. During the 1960s
and 1970s, a varietyof waste was transferredinto and out of these tanks. The solids
accumulationdid not substantially change duringthese transfers;therefore,these later
transfersare not consideredto have affectedthe physical and chemical characteristicsof the
solids alreadypresent in the tank.
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CCPLX, DSSF [ (Group Number 28)

This group of two AX Farm tanks contains 151,000 gallons of waste. The waste consists of
40,000 gallons of salt cake, 9,000 gallons of sludge, and the remaindersupernate. Both of
these tanks were sluiced of their contents in 1977, leaving a 6,000-gal heel of P waste. The
tanks then received wastes identified by unspecific waste names like concentratedcomplex-
ed waste (CCPLX), double-shell slurry feed (DSSF), and evaporator feed (EVAP). Using
such broad waste identifiers--basedon suitability for further treatment, not waste source--
precludes grouping by radioactive waste type.

R, DIA ] (Group Number 29)

i

This pair of assumed leaker tankscontains 148,000 gallons of waste. All of this waste is
sludge. Tank U-104 initially received MW in the 1940s but this waste type was sluiced
from the tank in the early 1950s. TankSX-113 was not released to operation until the_nid-
1950s. Both tanksexclusively received R after 1958. Diatamaceousearthwas addedto
both tanksafter they were declaredleakers in an attemptto prevent the escape of liquid
waste.

Solitary Tanks (Ungrouped) [ (Group Number 30)

Of the 149 SSTs, only 18 did not fall into groups based on radioactive waste types. These
18 tanks transcend almost every waste type and every Tank Farm in the 200 East and 200
West Areas. They contain both salt cake and sludge. These ungrouped tanks represent
3,794,000 gallons of waste--I,241,000 gallons of salt cake and 2,509,000 gallons of sludge.
Several of these tanks have significant quantities of waste in them and others have relatively
little waste. Many of these tanks are related to some of the groups previously described.

i I i i F i I ill
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ACRONYMS

1C first-cycle decontaminationwaste
224 lanthanumfluoride decontaminationwaste

2C second-cycle decontaminationwaste
5-6 high-level B Plant waste
CCPLX complex concentrate
CW claddingwaste
DIA diatomateousearth

DSSF double-shellslurry feed
EB evaporatorbottoms
F ferrocyanide-scavengedwaste
HS hot semiworks waste
ITS in-tanksolidification
MIX mixture of several miscellaneons wastes

NCPLX noncomplexedwaste
R high-level REDOX (reductionoxidation) waste
RIX REDOX ion exchange waste
SRS strontium sludge
TBP tributylphosphate
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Appendix D

Laboratory Report Source Information

Letter, M. T. Jansky to J. W. Baily, "Sample From 108-TX," 65453-81-036, dated February 5,
1981.

Letter, A. J. DiLiberto to K. W. Owens, "Response to May 18th Request from Washington
Department of Ecology (WDOE)," 13311C-88-0439, dated June 18, 1988.

Letter, M. T. Jansky to M. C. Teats, "Composition of 101-A Waste," 65453-80-302, dated
October 13, 1980.

Letter, R. L. Weiss to J. A. Eaker, "Analysis of Tank 241-AX-102," 12712-PCL88-018, dated
November 14, 1988.

Letter, R. L. Weiss to K. G. Carothers, "Analysis of Tank 241-SX-104 Samples, Revision 1,"

12221-PCL88-190, dated August 15, 1988.

Letter, M. T. Jansky to D. E. Bowers, "Freezing of Tank 1ll-U Waste," 65453-80-273, dated

September 23, 1980.

Letter, M. T. Jansky to M. C. Teats, "Solids in 101-A Waste," 65453-80-267, dated

September 22, 1980.

Letter, R. L. Weiss to V. C. Boyles, "Analysis of Liquid Sample from Tank 241-A-102,"

12712-PCL89-112, dated May 9, 1989.

Letter, M. T. Jansky to M. C. Teats, "Composition of 103-A Waste," 65453-80-277, dated
September 24, 1980.

Letter, M. T. Jansky to D. E. Bowers and D. A. Reynolds, "Composition of Waste from
Tank 101-AX," 65453-80-293, dated October 7, 1980.

Letter, M. E. Mitchell to D. J. Flesher, "Physical and Chemical Characterization of Tanks 104-TY

and 106-TY," 65124-79-046, dated December 20, 1979.

Letter, M. J. Klem to R. E. Raymond "Total Organic Carbon Concentration of Single Shell Tank
Waste", 82316-90-032, dated April 27, 1990.
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Van Vleet, R. J., Radionuclideand Chemical Inventories for the Double Shell Tanks,
WHC-SD-WM-TI-543, August 1993.

Weiss, R. L., and K. E. Schull. 1986. Data Transmittal for 241-A-106 Waste Tank

Characterization. SD-RE-TI-200, Rev 0. Rockwell HartfordOperations, Richland, Washington.

Weiss, R. L., and K. E. Schull. 1986. Data Transmittal for 241-A-104 Waste Tank

Characterization. SD-RE-TI-207, Rev 0. Rockwell HartfordOperations, Richland, Washington.

Weiss, R. L., and K. E. Schull. 197" 3ata Transmittal for 241-BX-104 Waste Tank

Characterization. SD-RE-TI-206, Rev 0. Rockwell HartfordOperations, Richland, Washington.

Weiss, R. L., and K. E. Schull. i986. Data Transmittalfor 241-A-102 Waste Tank

Characterization, SD-RE-TI-201, Rev 0. Rockwell Hanford Operations, Richland, Washington.
I

Weiss, R. L., and K. E. Schull. 1986. Data Transmittal for 241-BX-105 Waste Tank Charac-

terization. SD-RE-TI-202, Rev 0. Rockwell Hartford Operations, Richland, Washington.

Weiss, R. L., and K. E. Schull. 1986. Data Transmittal for 241-A-103 Waste Tank

Characterization. SD-RE-TI-198, Rev 0. Rockwell HartfordOperations, Richland, Washington.

Weiss, R. L., and K. E. SchuU. 1986. Data Transmittal for 241-C-103 Waste Tank

Characterization. SD-RE-TI-203, Rev 0. Rockwell Hanford Operations, Richland, Washington.

Weiss, R. L., and B. M. Mauss. 1985. Data Transmittal for 241-TY-102 Waste Tank

Characterization. SD-RE-TI-183, Rev 0. Rockwell Hanford Operations, Richland, Washington.

Weiss, R. L., and B. M. Mauss. 1985. Data Transmittal for 241-TY-101 Waste Tank

Characterization. SD-RE-TI-185, Rev 0. Rockwell Hartford Operations, Richland, Washington.

Weiss, R. L., and K. E. Schull. 1986. Data Transmittal for 241-C-106 Waste Tank

Characterization. SD-RE-TI-204, Rev 0. Rockwell Hanford Operations, Richland, Washington.

Weiss, R. L., and B. M. Mauss. 1985. Data Transmittal,for 241-TY-103 Waste Tank
Characterization. SD-RE-TI-184, Rev 0. Rockwell Hanford Operations, Richland, Washington.

Weiss, R. L., and B. M. Mauss. 1985. Data Transmittal for 241-TY-104 Waste Tank

Characterization. SD-RE-TI-182, Rev 0. Rockwell Hartford Operations, Richland, Washington.
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Weiss, R. L., and K. E. Schull. 1986. Data Transmittal for 24i-C-104 Waste Tank

Characterization. SD-RE-TI-i99, Rev 0. Rockwell Hanford Operations, Richland, Washington.

Weiss, R. L., and B. M. Mauss. 1985. Data Transmittal for 241-TY-106 Waste Tank

Characterization. SD-RE-TI-181, Rev 0. Rockwell Hanford Operations, Richland, Washington.

Weiss, R. L., and B. M. Mauss. 1985. Data Transmittal for 241-TY-105 Waste Tank
Characterization. SD-RE-TI-186, Rev 0. Rockwell Hanford Operations, Richland, Washington.

Weiss, R. L., and K. E. Schull. 1986. Data TralJsmittalfor 241-C-105 Waste Tank

Characterization. SD-RE-TI-204, Rev 0. Rockwell Hanford Operations, Richland, Washington.
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