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EXECUTIVE SUMMARY

This characterization report summarizes the available information on the historical uses,
current status, and sampling and analysis results of waste contained in underground storage
tank 241-U-109. This report supports the requirements of the Hanford Federal Facility

Agreemens and Consent Order, Milestone M-44-09 (Ecology et al. 1996).

Tank 241-U-109 is one of 12 single-shell tanks located in the Hanford Site 200 West Area
U Tank Farm. It is the third in a cascade series of three tanks beginning with

tanks 241-U-107 and -108. Tank 241-U-109 went into service in March 1949 by receiving
metal waste from the bismuth phosphate process, and was full by the third quarter of 1949.
Most of this waste was removed by the second quarter of 1955 as part of uranium recovery
operations, leaving only a heel. In the last two quarters of 1956, reduction-oxidation
(REDOX) supernatant waste was received. Additional transfers of supernatant waste into
and out of the tank occurred over the next several years. In the last quarter of 1975, tank
241-U-109 received 242-S Evaporator bottoms waste. Between the first quarter of 1976 and
the second quarter of 1977, residual liquor was both received and pumped out of the tank.
Tank 241-U-109 was deactivated in March 1978 and partially interim-isolated in December

1982,

A description of tank 241-U-109 and its status are presented in Table ES-1, and a plan view
schematic and profile are provided in Figure ES-1. The tank has an operating capacity of

2,010 kL (530 kgal), and presently contains an estimated 1,753 kL (463 kgal) of
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non-complexed waste. Of this total volume, 72 kL (19 kgal) are estimated to be supernatant,
182 kL (48 kgal) are estimated to be sludge, and 1,499 kL (396 kgal) are predicted to be
saltcake. The sludge and saltcake contain an estimated 617 kL (163 kgal) of drainable

interstitial liquid (Hanlon 1996).
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Waste classification

Type Single-shell
Constructed 1943-1944
In-service March 1949
Diameter 229 m (75.0 ft)
Operating depth 5.2 m (17 ft)
Capacity 2,010 kL (530 kgal)
Bottom shape Dish
Ventilation Passive

Non-complexed

Total waste volume

1,753 kL (463 kgal)

Sludge volume

182 KL (48 kgal)

Saltcake volume

1,499 KL (396 kgal)

Supernatant volume

72 kL (19 kgal)

Waste surface level (June 23, 1996)

449 cm (176.7 in.)

Temperature (July 1987 to June 1996)

15.8 °C (60.5 °F) to 36 °C (96 °F)

Integrity

Sound

Watch List

Vapor sampling

Flammable gases

August 1995

Push mode core samples and tank headspace
flammability

Deactivated

December 1995 to January 1996

March 1978

Partially interim isolated

December 1982
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Figure ES-1. Profile of Tank 241-U-109.

1995 Core Sample > N
(Core 84) @ Pump Pit Z
O 7 Condenser Pit
FIC Surface
Level Gauge
1985 Core Sample
(Core 93)
Process Iniets .
\\
Cascade Inlet from Thermocouple Tree
Tank 241-B-105
Not to Scale
22m L]

A sy "

893 cm
(39.11in.)

FTY

Total Tank Volume: 2,010 kL (530 kgal)
Waste Volume (April 1996): 443 kL (117 kgal) Not to Scale
Solids Volume (April 1896). 430 kL (116 kgal)
Supernate Volume (April 1996): 4 kL (1 kgal)

ES-4
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This report summarizes the collection and analysis of three push mode core samples using a
rotary core truck, which were acquired in December 1995 and January 1996, and reported in
the Final Report for Tank 241-U-109, Rotary and Push Mode Cores 123, 124, and 128
(Baldwin 1996a). Cores 123, 124, and 128 were obtained from risers 2, 19, and 7,
respectively. The sampling event was performed to satisfy the requirements listed in the
Tank Safery Screening Data Quality Objective (Dukelow et al. 1995), the Data Quality
Objective to Support Resolution of the Organic Complexant Safety Issue (Turner et al. 1995),
the Test Plan for Samples From Hanford Waste Tanks 241-BY-103, BY-104, BY-105, BY-106,
BY-108, BY-110, TY-103, U-105, U-107, U-108, and U-109 (Meacham 1995), and the
Historical Model Evaluation Data Requirements (Simpson and McCain 1995). The sampling
and analyses were performed in accordance with the Tank 241-U-109 Push Core Sampling
and Analysis Plan (Baldwin 1996b). This report also summarizes the results from the
August 1995 vapor sampling event. The headspace gas and vapor samples were collected
and analyzed to satisfy Data Quality Objectives for Generic In-Tank Health and Safety

Vapors Resolution (Osborne et al. 1995).

The safety screening data quality objective (DQO) requires analyses for fuel content using
differential scanning calorimetry (DSC), weight percent water by thermogravimetric analysis
(TGA), total alpha activity through alpha proportional counting, and bulk density
measurement by centrifugation. The safety screening DQO also requires a determination of
the flammability of the tank headspace gases. To satisfy this requirement, vapor samples
were taken before core sampling, and the flammability was measured as a percentage of the

lower flammability limit (LFL) using a combustible gas meter. The organic complexant

ES-5
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safety DQO and the organic safety test plan also require analyses for fuel content and weight
percent water, as well as analyses for total organic carbon (TOC) to evaluate its contribution
to the total fuel content. The historical model evaluation DQO requires analyses for several
analytes, including the key analytes sodium, aluminum, chromium, carbonate, nitrate, and
weight percent water. Finally, the headspace vapor samples were collected and analyzed to
characterize the vapors present in the tank headspace and to support safety evaluations and

tank farm operations.

To evaluate tank safety, comparisons were made between the analytical results and the
decision criteria thresholds defined in the safety screening and organic complexant safety
DQOs, and the organic safety test plan. All results given below for DSC and TOC are on a
dry weight basis. No exothermic reactions with a change in enthalpy greater than 301.9 J/g
were observed in any of the samples, as compared with the safety screening and organic
complexant safety DQO decision criteria threshold of 480 J/g, and the organic safety test
plan decision threshold of 1,200 J/g. Although one of the one-sided 95 percent confidence
interval on the mean upper limits was 493.4 J/g, this was attributed to variability in the data
(Baldwin 1996a). All TOC results were below the decision thresholds of 30,000 ug C/g for
the organic complexant safety DQO and 45,000 ug C/g for the organic safety test plan. The
overall mean result was 4,720 ug C/g, the highest segment sample mean was 15,400 ug C/g,
and the largest upper limit to one-sided 95 percent confidence interval on the mean was
18,600 ug C/g. All total alpha activity values were at least two orders of magnitude below
their safety screening thresholds. The highest sample mean for total alpha activity was

0.150 uCi/g, the overall mean was 0.0371 xCi/g, and the largest 95 percent confidence

ES-6
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interval upper limit was 0.156 uCi/g. Finally, although tank 241-U-109 is on the Flammable
Gas Watch List, the concentration of flammable gases in the tank headspace was measured at
a maximum of 5 percent of the LFL, well below the decision threshold of 25 percent of the

LFL.

The estimated tank heat load based on the analytical results of **’Cs and ***Sr was 1,880 W
(6,420 Btu/hr). Additional predictions include the Historical Tank Content Estimate (HTCE)
of 4,120 W (14,100 Etu/hr), and the estimate by Kummerer (1994) of 1,720 W

(5,865 Btu/hr). All three estimates were below the 11,700 W (40,000 Btu/hr) high-heat
threshold (Bergmann 1991). The most recent tank temperature information available
indicated that between July 1987 and June 1996, the mean temperature was 26.8 °C

(80.3 °F), with a minimum of 15.8 °C (60.5 °F), and a maximum of 36 °C (96 °F). Since
the tank exhibits an upper temperature limit, it is concluded that any heat generated from

radioactive sources throughout the year is dissipated.

Based on the comparison of the analytical results to the decision criteria thresholds of the
safety screening and organic complexant safety DQOs and the organic safety test plan, the

tank is considered safe.

The historical model evaluation DQO (Simpson and McCain 1995) attempts to verify the
presence of a particular waste type by identifying several key analytes in the tank waste and
then comparing their concentrations to predicted levels. Two waste types were expected to

be present in tank 241-U-109 in substantial quantities: SMMS2 saltslurry and SMMS1

ES-7
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saltcake. The results of this comparison indicated that the key analytes met the criterion of
> 10 percent of the concentration level predicted in the historical DQO. The results indicate

that the predicted waste types are present.

Hydrostatic head fluid (HHF) was used during the core sampling operations. Evaluation of
the tracer indicated significant contamination (over 50 percent) occurred in segment 3 of
core 124. Thus, all drainable liquid data and the solids weight percent water result from this
segment were considered unusable and were not factored into calculation of the overall tank
means, or used in any other evaluations. Intrusion by HHF was also noted in segment 5 of
core 128. However, because this intrusion was not considered significant and the weight

percent water data were corrected, the data were used for this segment.

A number of observations can be made concerning this tank.

1. Although tank 241-U-109 is on the Flammable Gas Watch List, the flammable
gas concentration in the headspace is well below the threshold and is not a

cause for concern.

2. The metal waste heel has a level of uranium that exceeds the value predicted

from the transfer history.

3. The aluminum in the waste is mostly soluble in water. This agrees with the

process history.
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Table ES-2 provides concentration and inventory estimates for the most prevalent analytes,

based on the 1995/1996 core sampling analyses.

Table ES-2. Chemical Data Summary for Tank 241-U-109.!

Aluminum 19,700 32.6 57,700
Chromium 3,690 14.1 10,800
Sodium 2.21E+05 3.0 6.47E+05

ON :
3.08E+05 5.02E+05
) IDES

Total alpha

109
Total beta 3.69E+05
BICs 3.28E+05
20,200

*Sr

Total inorganic carbon

Total organic carbon 3,600 7.8 10,500
Weight percent water 23.7 13.6 6.94E+05
Density (g/mL) 1.67 1.6 n/a

Notes:

n/a = mnot applicable
!(Baldwin 1996a)

The projected inventory is based on an estimated waste volume of 1,753 kL (463 kgal)
(Hanlon 1996) and a density of 1.67 g/mlL.
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1.0 INTRODUCTION

This tank characterization report presents an overview of single-shell tank 241-U-109 and its
waste contents. It provides estimated concentrations and inventories for the waste
components based on the latest sampling and analysis activities, in combination with
background tank information. The characterization of tank 241-U-109 is based on the results
of three push-mode core samples using a rotary core truck, taken in December 1995 and
January 1996. The sampling and analysis event was performed to support the Tank Safety
Screening Data Quality Objective (Dukelow et al. 1995), Data Quality Objective 1o Support
Resolution of the Organic Complexant Safety Issue (Turner et al.1995), Historical Model
Evaluation Data Requirements (Simpson and McCain 1995), Data Quality Objectives for
Generic In-Tank Health and Safety Vapors Resolution (Osborne et al. 1995), and the Test
Plan for Samples From Hanford Waste Tanks 241-BY-103, BY-104, BY-105, BY-106,
BY-108, BY-110, TY-103, U-105, U-107, U-108, and U-109 (Meacham 1995). The
integrated requirements for analyses and decision criteria thresholds for the three DQOs and
the test plan can be found in Tank 241-U-109 Push Core Sampling and Analysis Plan
(Baldwin 1996b).

Tank 241-U-109 was removed from service in 1978 and partially interim-isolated in 1982.
Consequently, the composition of the waste should not change appreciably until pretreatment
and retrieval activities commence. The analyte concentrations reported in this document
reflect the best available estimates of the current tank contents based on the analytical data
and historical models. This report supports the requirements of the Hanford Federal Facility
Agreement and Consent Order, Milestone M-44-09 (Ecology et al. 1996).

1.1 PURPOSE

The purpose of this report is to summarize the information about the use and contents of
tank 241-U-109. Where possible, this information will be used to assess issues associated
with safety, operations, environmental, and process development activities. This report also
serves as a reference point for more detailed information concerning tank 241-U-109.

1-1
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1.2 SCOPE

In accordance with the requirements specified in Baldwin (1996b), the following analyses
were performed: DSC to evaluate fuel level and energetics; TGA to determine moisture
content; total alpha activity analysis to evaluate criticality potential; inductively coupled
plasma spectroscopy (ICP) for lithjum, aluminum, chromium, sodium, and other selected
metals; ion chromatography (IC) for bromide, nitrate, and other selected anions; persulfate
and acid coulometry for TOC and total inorganic carbon (TIC); gamma energy analysis
(GEA) for ¥’Cs; uranium by laser fluorimetry; total beta; total alpha activity; ***Sr; and
bulk density. In addition to these analyses conducted on the core samples, the tank
headspace was sampled for the presence of flammable gases in accordance with the safety
screening DQO. This was especially important for tank 241-U-109 because it is on the
Flammable Gas Watch List.

Prior to the sampling event discussed in this report, vapor samples were taken from the
headspace of tank 241-U-109. These samples were analyzed for permanent gases using gas
chromatography/thermal conductivity detection, for total non-methane hydrocarbons using
cryogenic preconcentration followed by gas chromatography/flame ionization detection, and
for volatile organic analytes using cryogenic preconcentration followed by gas
chromatography/mass spectrometry.

1-2
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2.0 HISTORICAL TANK INFORMATION

This section describes tank 241-U-109 based on historical information. The first part details
the current condition of the tank. This is followed by discussions of the tank design, transfer
history, and process sources that contributed to the tank waste, including an estimate of the
current contents based on the process history. Events that may be related to tank safety
issues, such as potentially hazardous tank contents or off-normal operating temperatures, are
included. The final part summarizes available surveillance data for the tank. Solid and
liquid level data are used to determine tank integrity (leaks) and to provide clues to internal
activity in the solid layers of the tank. Temperature data are provided to evaluate the heat
generating characteristics of the waste.

2.1 TANK STATUS

As of March 31, 1996, tank 241-U-109 contained an estimated 1,753 kL (463 kgal) of waste
classified as non-complexed (Hanlon 1996). Liquid and solid waste volumes are estimated
using a level measurement gauge. The solid waste volume was last updated on

November 13, 1977. The amounts of various waste phases in the tank are presented in
Table 2-1.

Table 2-1. Estimated Tank Contents.

Total waste 1,753 463
Supernatant liquid 72 19
Sludge 182 48
Saltcake 1,499 396
Drainable interstitial liquid 617 163
Drainable liquid remaining 689 182
Pumpable liquid remaining 606 160
Note:

'For definitions and calculation methods, refer to Appendix C of Hanlon (1996).

2-1
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Tank 241-U-109 is out of service, as are all single-shell tanks, and is categorized as sound.
The tank is on the Flammable Gas Watch List. The tank is passively ventilated. All
monitoring systems were in compliance with documented standards as of March 31, 1996
(Hanlon 1996).

2.2 TANK DESIGN AND BACKGROUND

The 241-U Tank Farm was constructed during 1943 and 1944 in the 200 West Area. The
farm contains twelve 100-series tanks and four 200-series tanks. The 100-series tanks have a
capacity of 2,010 kL (530 kgal), a diameter of 22.9 m (75.0 ft), and an operating depth of
5.2 m (17 ft) (Leach and Stahl 1993). Built according to the first-generation design, the
241-U Tank Farm was designed for nonboiling waste with a maximum fluid temperature of
104 °C (220 °F). A cascade overflow line 7.5 cm (3 in.) in diameter connects 241-U-109 as
the third in a cascade series of three tanks, beginning with tanks 241-U-107 and -108. Each
tank in the cascade series is set 1 ft lower in elevation from the preceding tank. The cascade
overflow height is approximately 4.9 m (16 ft) from the tank bottom and 610 mm (2 ft)
below the top of the steel liner.

The tank has a dished bottom with a 1.2 m (4 ft) radius knuckle. Tank 241-U-109 was
designed with a primary mild steel liner (ASTM A283 Grade C) and a concrete dome with
various risers. The tank is set on a reinforced concrete foundation. The tank and foundation
were waterproofed by a coating of tar covered by a three-ply, asphalt-impregnated
waterproofing fabric. The waterproofing was protected by welded wire-reinforced gunite.
Two coats of primer were sprayed on all exposed interior tank surfaces (Rogers and

Daniels 1944). The tank ceiling dome was covered with three applications of magnesium
zinc fluorosilicate wash. Lead flashing was used to protect the joint where the steel liner
meets the concrete dome. Asbestos gaskets were used to seal the risers in the tank dome.
This tank was covered with approximately 2.1 m (7 ft) of overburden.

Tank 241-U-109 has 14 risers according to the drawings and engineering change notices.
The risers range in diameter from 10.2 cm (4 in.) to 1.1 m (42 in.). Table 2-2 shows
numbers, diameters, and descriptions of the risers and the nozzles. A plan view that depicts
the riser configuration is shown as Figure 2-1. Risers 10 and 19, 10.2 cm (4 in.) in
diameter, and risers 2 and 7, 30.5 cm (12 in.) in diameter, are available for use

(Lipnicki 1995). A tank cross-section showing the approximate waste level, along with a
schematic of the tank equipment, is shown in Figure 2-2.

2.3 PROCESS KNOWLEDGE

Section 2.3.1 and Table 2-3 present the major transfers in which tank 241-U-109 received
waste. Section 2.3.2 presents an estimate of the tank contents.
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Table 2-2. Tank 241-U-109 Risers.">?

1 4 Thermocouple tree [Bench mark CEO-37531 12/11/86]
2 12 Blind flange
3 12 Sluice nozzle, weather covered
4 Recirculation line dip legs, weather covered
5 Recirculation line dip legs, weather covered
6 12 Sluice nozzle, weather covered
7 12 B-222 observation port
8 ENRAF® surface level gauge
9 4 B-436 liquid observation well [Bench mark CEO-37531 12/11/86]
10 4 Breather filter [Standard hydrogen monitor system/breather filter
ECN-W369-021 1/23/95]
12 4 Saltwell transfer line from tank 241-U-112 connected
13 12 Distributor jet
18 42 Sludge pump, weather covered
19 4 Sludge measurement port
N1 3 Spare, capped
N2 3 Spare, capped
N3 3 Spare, capped
N4 3 Spare, capped
N5 3 Inlet overflow from tank 241-U-108
Notes:

'Alstad (1993)

Tran (1993)

3Vitro Engineering Corp. (1988)

CEO
ECN
ENRAF®

Change Engineering Order
Engineering Change Notice
a registered trademark of ENRAF Corporation, Houston, Texas.

2-3



WHC-SD-WM-ER-609 Rev. 0

Figure 2-1. Riser Configuration for Tank 241-U-109.
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Figure 2-2. Tank 241-U-109 Cross-Section.
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2.3.1 Waste Transfer History

Tank 241-U-109 first received metal waste (MW1) from tank 241-U-108 via the cascade line
in March 1949, and was full by the third quarter of 1949.

No transfers occurred from the third quarter of 1949 until the second quarter of 1953, when
waste began to be removed for uranium recovery. This removal concluded in the third
quarter of 1954, at which time 241-U-109 again received metal waste (MW?2) cascaded from
241-U-108. The cascade ended in the fourth quarter of 1954. In the first and second
quarters of 1955, the waste in tank 241-U-109 was removed for uranium recovery. The heel
remaining in the tank was jet-sluiced in the second quarter of 1956.

In the third and fourth quarters of 1956, tank 241-U-109 received REDOX supernate waste
from tank 241-U-110. Aside from occasional additions of water from the 241-U-301 catch
tank, no transfers occurred until the first and second quarters of 1969, when waste was sent
to tank 241-TX-118. In the fourth quarter of 1969, supernate was received from 241-U-107.
No further transfers occurred until the first quarter of 1974, when waste was sent to

tank 241-S-110.

From the fourth quarter of 1974 until the third quarter of 1975, small amounts of supernate
were received from tank 241-U-112. In the fourth quarter of 1975, tank 241-U-109 received
242-S Evaporator bottoms from tank 241-S-102. In the first quarter of 1976 and the second
quarter of 1977, residual liquor was sent to tanks 241-S-102 and 241-SY-102, respectively.
In the first quarter of 1977, residual liquor was received from tank 241-S-102.

Tank 241-U-109 was deactivated in the first quarter of 1978, and partially interim-isolated in
1982.

2.3.2 Historical Estimation of Tank Contents

The following is an estimate of the contents for tank 241-U-109 based on historical transfer
data. The historical data used for the estimate are the Waste Status and Transaction Record
Summary for the Southwest Quadrant (WSTRS) (Agnew et al. 1996b), and the Hanford Tank
Chemical and Radionuclide Inventories: HDW Model Rev. 3 (Agnew et al. 1996a). The
Hanford Defined Waste (HDW) Model Rev. 3 document contains the HDW list, the Tank
Layer Model (TLM), and the HTCE. The HTCE predictions have not been validated, and
thus should be used with caution.

The WSTRS is a compilation of available waste transfer and volume status data. The HDW
provides the assumed typical compositions for Hanford wastes types. In most cases, the
available data are incomplete, reducing the reliability of the transfer data and the derived
modeling results. The TLM uses the WSTRS data to model the waste deposition processes
and, using additional data from the HDW (that may introduce more errors), generates an
estimate of the tank contents. Thus, these model predictions are considered estimates that
require further evaluation using analytical data.

2-6
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Table 2-3. Summary of Tank 241-U-109 Waste Received History.!?

Metal waste from 1949 2,006 530
241-U-108 cascade BiPO, process

Metal waste from 1954 1,688 446
241-U-108 cascade BiPO, process
241-U-110 REDOX supernate 1956 1,552 410
241-U-107 Supernate 1969 958 253
241-U-112 Supernate 1974-1975 106 28
241-S-102 Evaporator bottoms 1975 1,332 352
241-S-102 Residual liquor 1977 466 123

Notes:
'Waste volumes and types are best estimates based on historical data.
2Agnew et al. (Baldwin 1996b)

3See Figure 2-4 for complete transfer history.

Based on the TLM, tank 241-U-109 contains four layers of waste, not including the
supernate. Listed from last deposit into the tank to the first deposit, these are 685 kL (181
kgal) of SMMS2, 814 kL (215 kgal) of SSMS1, 91 kL (24 kgal) of REDOX cladding waste
(CWR1), and 91 kL (24 kgal) of metal waste (MW). A graphical representation of the
estimated waste types and volumes for these layers can be seen in Figure 2-3. The waste
types in Figure 2-3 in parentheses “( )" are unknowns that are believed to be the indicated
waste type.

The MW (bottom waste layer) should contain, from highest concentration above one weight
percent, the following major constituents: uranium, hydroxide, sodium, carbonate, and
phosphate. Constituents contained in this layer above a tenth of a weight percent are:
sulfate, iron, nitrate, and calcium. The CRW1 layer should contain, from highest
concentration above one weight percent, the following constituents: hydroxide, aluminum,
sodium, nitrite, uranium, nitrate, and lead. Constituents contained in this layer above a tenth
of a weight percent are: iron, carbonate, and calcium. The SMMS1 and SMMS?2 layers
may be difficult to distinguish and have similar inventories. Both SMMS1 and SMMS2
should contain, from highest concentration above one weight percent, the following major
constituents: nitrate, sodium, hydroxide, nitrite, aluminum, carbonate, and sulfate.
Constituents contained in these waste types above a tenth of a weight percent are:
phosphate, chromium and calcium. Table 2-4 presents the historical tank content estimate
for tank 241-U-109.
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Waste Type

Figure 2-3. Tank Layer Model for Tank 241-U-109.
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Table 2-4.

Tank 241-U-109 Historical Tank Content Estimate.'? (2 sheets)

Total solid waste 3.00E+06 kg (4 gal)

Heat load 4,120 W (14,100 Btu/hr)

Bulk density 1.71 (g/mL)

Water wt% 27.3

5?‘7? Carbon (wet) 1.02

Na* 14.2 1.91E+05 5.74E+05
AP* 2.42 38,200 1.15E+05
Fe** (total Fe) 0.0234 764 2,290
crt 0.0690 2,090 6,290
Bi3* 0.00128 156 468

La** 3.77E-05 3.05 9.17

Hg** 2.21E-04 25.9 71.7

Zr (as ZrO(OH),) 8.76E-04 46.7 140

Pp** 0.00720 871 2,620
Ni?* 0.00754 258 776

Sc* 1.26E-05 0.642 1.93
Mn** 0.00476 153 458

Ca** 0.0503 1,180 3,530

K* 0.0641 1,460 4,390
OH 10.9 1.08E+05 3.25E+05
NOy 5.87 2.13E+05 6.38E+05
NOy 2.81 75,400 2.26E+05
Ccor 0.640 22,400 67,300
PO 0.122 6,770 20,300
ok 0.291 16,300 48,900

Si (as Si0;») 0.0968 1,590 4,770

F 0.0721 800 2,400

Cr 0.239 4,940 14,800
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Table 2-4. Tank 241-U-109 Historical Tank Content Estimate.!? (2 sheets)

Citrate* 0.0382 4,213 12,600
EDTA* 0.0226 3,800 11,400
HEDTA?* 0.0421 6,730 20,200
glycolate” 0.131 5,740 17,200
acetate” 0.0101 347 1,040
oxalate® 3.22E-05 1.66 4.97
DBP 0.0239 3,720 11,200
Butanol 0.0239 1,040 3,110
NH, 0.0652 647 1,940

Pu - 0.134 6.78 (kg)
U 0.127 M) 17,700 (ugig) |53,000 (kg)
Cs 0.286 167 5.01E+05
Sr 0.15 87.7 2.63E+05
Notes:

'Agnew et al. (Baldwin 1996a)
?The HTCE predictions have not been validated and should be used with caution.

Small differences appear to exist among the inventories in this column and the inventories calculated
from the two sets of concentrations. These differences are being evaluated.

2.4 SURVEILLANCE DATA

Tank 241-U-109 surveillance includes surface level measurements (liquid and solid) and
temperature monitoring inside the tank (waste and vapor space). The data provide the basis
for determining tank integrity.

Liquid level measurements may indicate if there is a major leak from a tank. Solid surface
level measurements provide an indication of physical changes and consistency of the solid
layers. Tank 241-U-109 has one liquid observation well, in riser 9, used to measure
interstitial liquid levels. Four drywells located around the perimeter of the tank monitor
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change in radiation due to possible waste leakage. None of the drywells show increased
radiation levels above background.

2.4.1 Surface Level

The surface level of the waste is monitored with an ENRAF® surface level measurement
system through riser 8. The allowable deviations from the tank 241-U-109 baseline of

4.18 m (164.6 in.) are a 7.5 cm (3 in.) increase and a 2.5 cm (1 in.) decrease in two weeks.
On June 23, 1996, the surface level from the automatic ENRAF® system was 4.49 m
(176.7 in.). On February 6, 1996, the surface level reading from the automatic ENRAF®
system increased from 4.17 m (164.3 in.) to 4.48 m (176.4 in.). This exceeded the increase
criterion. There was no logical explanation for the increase, and the surface level has
remained steady since that time. A graph of the tank volume history is presented in

Figure 2-4.

2.4.2 Internal Tank Temperatures

Tank 241-U-109 has a thermocouple (TC) tree located in riser 1, with 11 TCs to monitor the
waste temperature. Elevations are available for all TCs. Tank 241-U-109 is on the
Flammable Gas Watch List and has a weekly temperature reading requirement. Plots of the
individual TC readings can be found in the U Tank Farm supporting document for the HTCE
(Brevick et al. 1994). :

Temperature data, obtained from the Surveillance Analysis Computer System (SACS)

(WHC 1996), were recorded from July 1987 through June 1996. Data were available for all
11 TCs. The mean temperature of the SACS data is 26.8 °C (80.3 °F), with a minimum of
15.8 °C (60.5 °F) and a maximum of 36 °C (96 °F). The mean temperature of the SACS
data over the last year (June 1995 through June 1996) is 27.3 °C (81.2 °F), with a minimum
of 19 °C (66.2 °F) and a maximum of 31.3 °C (88.3 °F). On June 23, 1996, the low
temperature recorded was 22.1 °C (71.78 °F) on TC 10 (located in the vapor space). The
high temperature recorded was 29 °C (84.2 °F) on TC 2 (located in the waste). The graph
of the weekly high temperatures is provided in Figure 2-5.
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Figure 2-5. Tank 241-U-109 Weekly High Temperature Plot.
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2.4.3 Tank 241-U-109 Photographs

The 1988 photographic montage of the tank 241-U-109 interior shows the waste surface to be
a mixture of solids and liquids, with what appears to be an orange-colored saltcake floating
on top of the liquid. The volume of waste in the tank, 1,753 kL (463 kgal), has not changed
since the photographs were taken; therefore, the photographic montage (Figure 2-6) could
still represent the current appearance of the tank waste.

2.5 HYDROGEN GAS MONITORING
Tank 241-U-109 is equipped with standard hydrogen monitoring system (SHMS) cabinets.

The SHMS data, vapor grab sample analysis data, and sniff data collected for tank
241-U-109 between July 1995 and February 1996 are reported in Brown (1996).
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3.0 TANK SAMPLING OVERVIEW

This section describes the December 1995 and January 1996 sampling and analysis events for
tank 241-U-109. Three push-mode core samples using a rotary core truck were taken to
satisfy the requirements of the safety screening DQO (Dukelow et al. 1995), the organic
complexant safety DQO (Turner et al. 1995), the organic safety test plan (Meacham 1995),
and the historical model evaluation DQO (Simpson and McCain 1995). The sampling and
analysis were performed in accordance with the sampling and analysis plan (SAP)

(Baldwin 1996b). Further discussions of the sampling and analysis procedures can be found
in the Tank Characterization Reference Guide (DeLorenzo et al. 1994).

Table 3-1 summarizes the sampling mode, applicable DQOs, and sampling and analysis
requirements for the 1995/1996 sampling event.

3.1 DESCRIPTION OF SAMPLING EVENT

Three push-mode core samples (using a rotary core truck) were collected from tank
241-U-109 between December 20, 1995 and January 19, 1996. Cores 123, 124, and 128
were obtained from risers 2, 19, and 7, respectively. Water was used to wash the drill string
during sampling operations. A tracer (lithium bromide) was added to the wash water to
gauge contamination of the segments by the wash water. A field blank and a wash-water
HHF blank were also obtained. All samples were received and extruded at the Westinghouse
Hanford Company 222-S Laboratory in accordance with the SAP (Baldwin 1996b).

In addition, the tank headspace vapors were measured for flammable gas concentration as
required by the safety screening DQO.

3.2 SAMPLE HANDLING

Cores 123, 124, and 128 were received by the Westinghouse Hanford Company 222-S
Laboratory between December 21, 1995 and January 22, 1996. These cores were extruded
between January 2 and January 26, 1996.

Only segment 3 of core 124 contained drainable liquid (DL). The remaining segments of the
three cores were full of saltcake-like solids with slightly different textures. Sample recovery
was variable, depending on the particular segment. No separable organic layer was observed
in any of the segments. One field blank and one wash-water HHF blank were delivered to
the 222-S Laboratory with core 124. All three cores were subsampled at the whole-segment,
half-segment, or third-segment level for analysis, depending on the amount of material
recovered and the appearance of the extruded segments. Core composites were formed in
accordance with the historical model evaluation DQO.

3-1
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Table 3-1.

Integrated Data Quality Objective Requirements for Tank 241-U-109.!

Push-mode
core sampling
(December
1995/January
1996)

Safety screening
(Dukelow et al. 1995)

Organic complexant safety

(Turner et al. 1995)

Historical model
evaluation

(Simpson and McCain
1995)

Core samples from a
minimum of two risers
separated radially to
the maximum extent
possible.

Flammability taken in
tank headspace.

» Energetics

» Moisture content

» Total alpha activity
» Bulk density

» Headspace gas
flammability

» Energetics
» Moisture content
» TOC

» Energetics

» Moisture content
» 137Cs

» TIC

» Metals

» Anions

» Total alpha activity®
» Bulk density’

» TOC?

» Uranium?

» Total beta?

> 89/9OSr2

Organic safety test plan
(Meacham 1995)

» Energetics
» Moisture content
» TOC

Notes:

! (Baldwin 1996b)

2Secondary requirements.

Table 3-2 presents the subsampling scheme, the amount of sample recovered, the dose rates,
and a description of the sample visual characteristics.
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3.3 SAMPLE ANALYSIS

As noted in Table 3-1, the safety screening DQO required analyses for thermal properties by
DSC, moisture by TGA, fissile content by total alpha analysis, and bulk density (specific
gravity for the drainable liquid sample). In addition to the core samples, the flammability of
the tank headspace was measured before core sampling.

Bromide analysis by IC and lithium analysis by ICP were required by the SAP to determine
the amount of HHF contamination in the samples. Nitrate and several metals were also
reported as a result of the IC and ICP analyses, in order to satisfy the requirements of the
historical model evaluation DQO.

The historical model key analytes were confirmed to be present, and therefore the DQO
required secondary analyses on selected subsegments and core composites. These were in
addition to the key analytes aluminum, chromium, sodium, nitrate, TIC, and weight percent
water, and the other primary analytes DSC and '*’Cs. The IC analyses for nitrate were
performed on each selected solid subsegment and core composite after preparation by a water
leach, as required by the historical model evaluation DQO. For all ICP analyses, the solid
subsegments and core composites were prepared using a potassium hydroxide fusion
digestion in a zirconium crucible. The drainable liquid sample from segment 3 of core 124
was diluted with acid before ICP analysis. An ICP analysis for aluminum, chromium, and
sodium was also performed on a water-leached aliquot from each of the core composite
samples, and on the segments that were selected for the secondary historical analyses as most
representative of their waste type based on the key analyte analysis (Baldwin 1996a).
Additional analytes required by the historical model evaluation DQO included bismuth,
calcium, iron, manganese, nickel, phosphorus, silicon, and uranium. Secondary analytes
included TOC, total alpha activity, bulk density, total beta, ***'Sr, as well as uranium
analyzed by laser fluorimetry.

The organic complexant safety DQO and the organic safety test plan also required DSC,
TOC, and weight percent water as primary analyses.

Laboratory control checks included, where appropriate, laboratory control standards, matrix
spikes, duplicate analyses, and blanks. An assessment of the quality control (QC) procedures
and data is presented in Section 5.1.2 of this report.

All reported analyses were performed in accordance with approved laboratory procedures.
A list of the sample numbers and applicable analyses is presented in Table 3-3. Table 3-4
displays the analytical procedures by title and number. No deviations or modifications were
noted by the laboratory.
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123 1 ‘Whole

Table 3-3. Summary of Samples and Analyses.! (6 sheets)

DSC, TGA, TIC, TOC
Bulk Density

IC

ICP (Fusion), Alpha, GEA

2 Whole

DSC, TGA, TIC, TOC
Bulk Density

IC

ICP (Fusion), Alpha, GEA

3 Upper ‘4

DSC, TGA, TIC, TOC
Bulk Density

IC

ICP (Fusion), Alpha, GEA

Lower 2

DSC, TGA, TIC, TOC
Bulk Density

IC

ICP (Fusion), Alpha, GEA

4 Whole

DSC, TGA, TIC, TOC

Bulk Density

IC

ICP (Fusion), Alpha, GEA, U, *¥/*Sr, Beta
ICP (Acid Digest)

5 Whole

DSC, TGA, TIC, TOC
Bulk Density

IC

ICP (Fusion), Alpha, GEA

6 Upper ‘2

TGA, TIC, TOC
Bulk Density

IC

ICP (Fusion), GEA

Lower %2

Bulk Density

DSC, TGA, TIC, TOC

1c

ICP (Fusion), Alpha, GEA, Beta, U, *"°S¢
ICP (Acid Digest)

3-8
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123 7 Upper 4

Table 3-3. Summary of Samples and Analyses.! (6 sheets)

TGA, TIC, TOC
Bulk Density

IC

ICP (Fusion), GEA

Lower A

Bulk Density

TGA, DSC, TIC, TOC

IC

ICP (Fusion), Alpha, GEA

8 Upper 2

DSC, TGA, TIC, TOC
Bulk Density

I1C

ICP (Fusion), GEA

Lower 2

Bulk Density

TGA, DSC, TIC, TOC

IC

ICP (Fusion), Alpha, GEA

DSC, TGA, TIC, TOC
Bulk Density

(o

ICP (Fusion), GEA

Bulk Density

TGA, DSC, TIC, TOC
IC

ICP (Fusion), GEA

Bulk Density

TGA, DSC, TIC, TOC

IC

ICP (Fusion), GEA, Alpha

Composite

Bulk Density

DSC, TGA, TIC, TOC

ICP (Fusion), GEA, Alpha, Beta, U, *¥*r
1C

ICP (Acid Digest)
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Table 3-3. Summary of Samples and Analyses

DSC, TGA, TIC, TOC
ICP (Fusion), GEA, Alpha

I1c
3 DL DSC, SpG, TGA, TOC, ICP (Acid Dilution),
IC, Alpha
Whole Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha, Beta, U, **Sr
ICP (Acid Digest)

4 Whole Bulk Density

DSC, TGA, TIC, TOC
ICP (Fusion), GEA, Alpha
(o

5 Upper ‘42 Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
IC

Lower % Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
IC

6 Upper 4 Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
IC

Lower 2 Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
IC

7 Upper 4 Bulk Density

TGA, TIC, TOC

ICP (Fusion), GEA, Alpha
1C

Lower Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
IC

3-10
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Table 3-3. Summ

of Samples and Analyses

1 (6 sheets)

124 8 Upper %

Bulk Density

TGA, TIC, TOC

ICP (Fusion), GEA, Alpha, Beta, U, ¥*Sr
IC

ICP (Acid Digest)

Lower Y2

Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
1c

9 Upper %

Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
IC

Lower 2

Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
(o

Field Blank

DSC, SpG, TGA, TOC, ICP
(Acid Dilution), IC, Alpha

HHF

Lithium, IC

Composite

Bulk Density

DSC, TGA, TIC, TOC

ICP (Fusion), GEA, Alpha, Beta, U, **Sr
IC

ICP (Acid Digest)

1 Whole

Bulk Density

TGA, DSC , TIC, TOC
ICP (Fusion), GEA, Alpha
IC

2 ‘Whole

Bulk Density

TGA, DSC TIC, TOC

ICP (Fusion), GEA, Alpha, Beta, U, ¥%Sr
IC

ICP (Acid Digest)
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Table 3-3. Summary of Samples and Analyses.! (6 sheets)

128 3 Whole

Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
(o

4 Upper %2

Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
1C

Lower Y2

Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
IC

5 Whole

Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
1C

6 Upper %

Bulk Density

TGA, TIC, TOC

ICP (Fusion), GEA, Alpha
) (o)

Lower 2

Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
IC

7 Upper %

Bulk Density

TGA, TIC, TOC

ICP (Fusion), GEA, Alpha, Beta, U, *%§r
IC

ICP (Acid Digest)

Lower ‘2

Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
IC
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Table 3-3. Summary of Samples and Analyses.

1 (6 sheets)

128

Upper ‘4

Bulk Density

TGA, TIC, TOC

ICP (Fusion), GEA, Alpha
IC

Lower 2

Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
(o]

‘Whole

Bulk Density

TGA, DSC, TIC, TOC
ICP (Fusion), GEA, Alpha
1C

Composite

Bulk Density

TGA, DSC, TIC, TOC

ICP (Fusion), GEA, Alpha, Beta, U, Sr
IC

ICP (Acid Digest)

Vapor
Tests

Tank Headspace

Combustible gas meter readings for flammable
gas

Notes:

! (Baldwin 1996a)

3-13




WHC-SD-WM-ER-609 Rev. 0

Table 3-4. Analytical Procedures.’

Energetics by DSC | Mettler N/A LA-514-113, Rev. C-1
Perkin-Elmer™ LA-514-114, Rev. C-1
Percent water by | Mettler™ N/A LA-560-112, Rev. B-1
TGA Perkin-Elmer™ LA-514-114, Rev. C-1
Total alpha Alpha Fusion digest on solid {LA-508-101, Rev. D-2
activity proportional samples, LA-549-141,
counter Rev. E-0 & F-0; Direct
on liquid samples
Solid bulk density |N/A N/A LO-160-103, Rev. B-0
Liquid specific N/A N/A LA-510-112, Rev. C-3
gravity
ICP Inductively LA-549-141, Rev. F-0 |LA-505-151, Rev. D-3
coupled plasma |LA-505-159, Rev. D-0
spectrometer
IC Ton LA-504-101, Revs. LA-533-105, Rev. D-1
chromatograph | D-0, E-0
TIC Coulometry N/A LA-342-100, Rev. C, D
TOC Direct Persulfate [ N/A LA-342-100, Rev. C, D
3iCs Gamma detector | LA-549-141, Revs. LA-548-121, Rev. D-1
spectrometer D-0, E-0
89/%08r Separation and | LA-549-141, Revs. LA-220-101, Rev. D-0
counting D-0, E-O
Total beta Separation and | N/A LA-508-101, Rev. D-2
counting
Uranium Laser LA-549-141, Revs. LA-925-009, Rev. A-1
fluorimetry D-0, E-0

Flammable gas

Combustible gas
meter

N/A

WHC-1P-030, IH 1.4
and IH 2.1

Notes:

Mettler™ is a registered trademark of Mettler Electronics, Anaheim, California.

Perkin-Elmer™ is a registered trademark of Perkins Research and Manufacturing Company, Inc.,
Canoga Park, California.

!(Baldwin 1996a)
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3.5 DESCRIPTION OF THE VAPOR SAMPLING EVENT (1995)

The tank headspace was vapor-sampled in accordance with Daza Quality Objectives for
Generic In-Tank Health and Safety Vapors Resolution (Osborne et al. 1995). This DQO
directed the collection and analysis of headspace vapor samples to help determine the
potential risks of fugitive emissions to tank farm workers. The results have been reported in
Headspace Vapor Characterization of Hanford Waste Tank 241-U-109 Resulis from Samples
Collected on August 10, 1995 (Evans et al. 1996). The summarized results are found in
Section 4.2.

3.4 DESCRIPTION OF HISTORICAL SAMPLING EVENT

Before the 1995/1996 sampling, tank 241-U-109 was last sampled in December 1975. Since
that time, the tank contents have changed substantially due to waste transfers into and out of
the tank (see Section 2.3.1). Therefore, the results from the historical sampling event
discussed below are not representative of the current tank contents. The data from this
sampling event have been included in this report for information only.

A sample was received on November 12, 1975, and analyzed on December 15, 1975. The
sample was noted as consisting of small white crystals intermixed with a coarse gray granular
material. A description of the technique or procedure used to obtain the sample, and
information concerning the sampled riser or sample depth, were not available (Horton

1975a).

Waste analyses were made by dissolving the sample in water. The sample fraction that was
not water-soluble was dissolved in HCL. Solids insoluble in water or HCl were fused with
KOH, with the melt then dissolved in concentrated HCl and diluted with water. Analytical
results are in Table C-1 of Appendix C for the supernatant liquid, and Table C-2 for the
solids. These analytical results were duplicated in an internal budget report published by
Horton (1975b).
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4.0 ANALYTICAL RESULTS

Section 4.0 presents a summary of the analytical results for the December 1995 and
January 1996 sampling event. The sampling and analysis parameters governing this event
were integrated by, and described in, the SAP (Baldwin 1996b). Extrusion and analysis of
the core samples were performed at the Westinghouse Hanford Company 222-S Laboratory.

Data locations for this tank characterization report are displayed in Table 4-1.

Table 4-1. Analytical Data Presentation Tables.

Chemical data summary Table 4-2
Exothermic DSC data summary Table 4-3
Comprehensive analytical data Appendix A
Hydrostatic head fluid contamination check data Appendix B
1975 historical sampling data Appendix C

4.1 DATA PRESENTATION

The analytical results from the 1995/1996 sampling of tank 241-U-109 were reported in Final
Report for Tank 241-U-109, Rotary and Push Mode Cores 123, 124, and 128 (Baldwin
1996a) and have been summarized in Section 4.1. Sections 4.1.1, 4.1.2, 4.1.3, and 4.1.4
present the chemical data, the physical data, the headspace flammability results, and the HHF
contamination check results, respectively.

4.1.1 Chemical Data Summary

Table 4-2 presents the mean concentration estimates and inventories for the solids results.
Data from the three core samples were combined to derive overall means for all analytes
except DSC, which does not require calculation of a mean. All information contained in
Table 4-2 was taken from the Appendix A tables.

The overall mean presented in Table 4-2 was calculated by first averaging the individual
primary and duplicate results for each subsegment to obtain a subsegment mean. The DSC,
TGA, TIC, and TOC analyses each had several triplicate runs conducted, and these were
averaged into the calculation of the particular subsegment means. The subsegment means
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within a given segment were then averaged to obtain a segment mean, the segment means
within a given core were averaged to obtain a core mean, and finally, the three core means
were averaged to derive the overall tank mean. Not all of these steps are necessary for each
analyte or for each subsegment, but the procedure to be followed is the same. The overall
mean and projected inventories listed in Table 4-2 were considered either detected or
nondetected (<) values. When fifty percent or more of the individual primary and duplicate
measurements had detected results, the overall mean was reported as a detected value.
Conversely, when greater than half of the individual primary and duplicate measurements had
nondetected results, the overall mean was reported as a nondetected value. The implication
associated with nondetected numbers as quantitative observations results in the mean
concentrations and inventory estimates being biased. The magnitude of the bias is unknown.

The third column displays the relative standard deviation (RSD) of the mean, defined as the
standard deviation of the mean divided by the mean and multiplied by 100. The RSDs were
determined by using standard analysis of variance (ANOVA) statistical techniques (nested
models), and were computed only for those analytes that had detected means.

The projected inventories listed in the fourth column were obtained by multiplying the
overall mean by the total waste volume of 1,753 kL (463 kgal), the overall tank density of
1.67 g/mL, and the appropriate conversion factors.

Overall tank means and inventories for the drainable liquid sample were not included in
Table 4-2 because of HHF contamination. The results are included in the Appendix A tables
for information only.

4.1.2 Physical Data Summary

Thermal analyses and density measurements were performed on the tank 241-U-109 core
samples to satisfy the requirements of the safety screening DQO (Dukelow et al. 1995). The
organic complexant safety DQO (Turner et al. 1995), the organic safety test plan (Meacham
1995) and historical model evaluation DQO (Simpson and McCain 1995) required thermal
analyses only.

4.1.2.1 Thermogravimetric Analysis. During a TGA, the mass of a sample is measured
while its temperature is increased at a constant rate. Nitrogen is passed over the sample
during the heating to remove any released gases. Any decrease in the weight of a sample
represents a loss of gaseous matter from the sample either through evaporation or through a
reaction that forms gas phase products. The moisture content is estimated by assuming that
all TGA sample weight loss up to a certain temperature (typically 150 °C) is due to water
evaporation. TGA was performed on homogenized solid samples and directly on drainable
liquids.
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Aluminum 19,700 32.6 57,700
Bismuth < 2,110 n/a < 6,180
Calcium < 2,110 n/a < 6,180
Chromium 3,690 14.1 10,800
Iron < 1,420 n/a < 4,160
Manganese < 216 n/a < 632
Nickel < 421 n/a < 1,230
Phosphorus < 8,000 n/a < 23,400
Silicon < 1,150 n/a < 3,370
Sodium 2.21E+05 3.0 6.47E+05
Uranium < 10,600 n/a < 31,000

Total alpha 0.0371 20.9 109

Total beta 126 12.1 3.69E+05
¥Cs 112 9.8 3.28E+05
891905 6.89 15.4 20,200

Total inorganic carbon 7,550 12.0 22,100
Total organic carbon 3,600 7.8 10,500

Weight percent water . 6.94E+05

Density (g/mL) 1.67 1.6 n/a

Notes:
n/a = not applicable.

! (Baldwin 1996a)
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The TGA results for tank 241-U-109 are presented in Appendix A, Table A-25. Again, the
weight loss was attributed to the evaporation of water. The overall weight percent water
mean estimate for the solids was 27.7 percent. Several of the individual samples were below
the organic complexant DQO decision threshold of 17 weight percent water. Because the
minimum exothermic energy necessary to support a propagating reaction is a change in
enthalpy of 480 J/g (Turner et al. 1995), and because none of the sample results exhibited an
exothermic reaction of this magnitude, the low weight percent water values were not a
concern.

4.1.2.2 Differential Scanning Calorimetry. During a DSC analysis, heat absorbed or
emitted by a substance is measured while the temperature of the substance is increased at a
constant rate. While the substance is being heated, nitrogen is passed over the waste
material to remove any gases being released. The onset temperature for an endothermic
(characterized by or causing the absorption of heat) or an exothermic (characterized by or
causing the release of heat) event is determined graphically. The DSC results (wet basis) are
presented in Appendix A, Table A-26. The peak temperature and maximum enthalpy
changes are given for each sample.

Table 4-3 lists all of the samples that had one or more exothermic reactions recorded. As
can be seen, none of the samples exceeded the safety screening and organic complexant
safety DQO decision threshold of 480 J/g, or the organic safety test plan decision threshold
of 1,200 J/g. The highest individual sample result was 301.9 J/g (dry weight). The highest
one-sided 95 percent confidence interval upper limit on the mean was 493.4 J/g (dry weight),
slightly above the safety screening and organic complexant safety DQO decision threshold.
However, this result was attributed to variability in the data (Baldwin 1996a).

4.1.2.3 Density. Density measurements were performed on all solids subsegments. The
subsegment level results ranged from a high of 1.97 g/mL from quarter segment C of
segment 9, core 123, to a low of 1.24 g/mL from the upper half of segment 3, core 123.
The average density for the tank was 1.67 g/mL. This compares with a composite average
of 1.75 g/mL. The results are presented in Appendix A, Table A-27.

4.1.3 Headspace Flammability Screening Results

As required by the safety screening DQO (Dukelow et al. 1995) and requested in the SAP
(Baldwin 1996b), the tank headspace was sampled and analyzed for the presence of
flammable gases before core sampling. This was especially crucial considering that

tank 241-U-109 is on the Flammable Gas Watch List. The analytical results showed a
maximum of 5 percent of the LFL, well below the 25 percent decision threshold.
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Table 4-3. Exothermic DSC Results and 95 Percent Confidence Interval Upper Limits.

2 130.1
3 52.90 77.8°

123:9 A 1 19.00 | 37.67 | 30.5 43.9 128.5
2 35.70 57.3

124:5 Lower 2 |1 215 21.41 |273.6 287.8 3771
2 237.3 301.9

124:6 Upper 2 |1 180 28.81 (252.7 261.4 316
2 192.2 270

124:6 Lower 2 |1 90.30 | 35.98 [141.1 146.4 179.9
2 97.10 151.7

128:1 Whole 1 0 30.01 0 17.3 43.8
2 14.80 21.2
3 21.50 30.8

128:4 Lower 4 |1 142.6 46.71 |267.6 225.1 493.4
2 97.30 182.6

128:5 Whole 1 8.900{ 27.62 | 13.70 17.5 413
2 13.80 21.24

128:6 Lower 2 |1 74.30 | 33.31 |[111.4 113.8 128.6
2 77.40 116.1

128:7 Lower 4 |1 77.90 | 40.57 |131.1 132.8 143.2
2 79.90 134.4

128:8 Lower %2 |1 0 31.02 0 60.8 156.4
2 77.40 112.2
3 48.50 70.3

Notes:

"The dry weight results in column seven are calculated by using the wet weight results in column five and

the weight percent water results in column six, according to the following equation:

J/g (wet weight)

1- (weight percent water/100)

= J/g dry weight.
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4.1.4 Hydrostatic Head Fluid Contamination Check

Hydrostatic head fluid was used as wash water during the 1995/1996 core sampling event for
tank 241-U-109. Lithium bromide was added to the HHF as a tracer, and its presence in the
core samples would indicate contamination by the HHF. Because HHF is essentially water,
the significance of any contamination is the possibility of a bias in the weight percent water
analytical results and in the analytical results for all other analytes. This check, through
analyses for lithium and bromide, was prescribed by the SAP (Baldwin 1996b). The
analytical results for lithium and bromide were not included in Table 4-2 because they are
not constituents of the tank waste. The tabulated results are reported in Appendix B.

Bromide was detected in the solids and drainable liquid samples of core 124, segment 3, and
in the solids results from core 128, segment 5. However, lithium was not detected in either
of these two segments (or in any others). The absence of lithium has been observed in other
sampling events and is believed to be due to the precipitation of non-soluble lithium salts.
Using HHF correction calculations for bromide, it was found that over 50 percent' of the
water present in the solids and drainable liquid portions of core 124, segment 3 were from
HHF. Based on this evidence (along with the higher weight percent water measured for this
segment), and the fact that this was the only segment to have drainable liquid, these weight
percent water results were not considered valid, and were not utilized in the overall mean
estimates or any other evaluations. A close examination of the core 124, segment 3 solids
data for detected analytes (such as aluminum, sodium, total alpha activity, TOC, and
especially density), does not reveal any obvious discrepancies with the analytical results from
neighboring segments (see Appendix A tables). Therefore, all solids data (except weight
percent water) from this segment were retained. The core 124, segment 3 drainable liquid
result is reported in the Appendix A tables for information only. The HHF correction
calculations for core 128, segment 5 yielded a weight percent water result of 27.62,
compared with the anatytical result of 35.02 percent. Since this was less than a 50 percent
difference (21 percent), all data from this segment were retained, and the corrected percent
water value of 27.62 was utilized in all data evaluations (Baldwin 1996a).

4.2 DATA SUMMARY OF 1995 VAPOR SAMPLING

Vapor samples taken from the headspace of the waste storage tank 241-U-109 were obtained
to characterize the vapors present in the tank headspace, and to support safety evaluations
and tank farm operations. The results include air concentrations of selected inorganic and
organic analytes and grouped compounds from samples obtained by Westinghouse Hanford
Company and provided for analysis to the Pacific Northwest National Laboratory (PNNL).

UIf greater than 50 percent of the water present is from HHF, then the sample must be
considered suspect (Winkelman 1996).

4-6



WHC-SD-WM-ER-609 Rev. 0

Analyses were performed by the vapor analytical laboratory at PNNL. A summary of the
inorganic analytes, permanent gases, and total non-methane hydrocarbons is listed in
Table 4-4.

Table 4-4. Summary Results of Samples to Characterize the Headspace of Tank 241-U-109
on August 10, 1995.

Inorganic Analytes® | Sorbent traps NH, 577 £ 20 ppmv
NO, < 0.06 PpPmv
NO < 0.06 ppmv
H,0 14.8 + 0.4 mg/L

Permanent Gases SUMMA™ Cco, < 25 ppmv

canister CcO <25 ppmv

CH, < 25 ppmv
H, 748 ppmv
N,O 868 ppmv

Total non-methane | SUMMA™ Hydrocarbons 9.25 mg/m?

hydrocarbons canister

(TO-12)

Volatile organics SUMMA™ Methyl alcohol 0.408 ppmv

(T0-14) canister Trichlorofluoromethane 0.350 ppmv
Acetone 0.223 ppmv

Semi-volatile Sorbent traps Ethane, 1-chloro-1, 0.733 ppmv

organics 1-difluoro-

(PNL-TVP-10) Ethanol 0.432 ppmv
Trichlorofluoromethane 0.330 ppmv

Notes:

'Vapor concentrations were determined using sample-volume data provided by Westinghouse Hanford
Company and are based on averaged data.

ZInorganic analyte concentrations are based on dry tank air at standard temp e and p
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5.0 INTERPRETATION OF CHARACTERIZATION RESULTS

The purpose of this chapter is to discuss the overall quality and consistency of the current
sampling results for tank 241-U-109, and to assess and compare these results against
historical information and program requirements.

5.1 ASSESSMENT OF SAMPLING AND ANALYTICAL RESULTS

This section evaluates sampling and analysis factors that may impact interpretation of the
data. These factors are used to assess the overall quality and consistency of the data and to
identify any limitations in the use of the data.

5.1.1 Field Observations

The safety screening (Dukelow et al. 1995), organic complexant safety (Turner et al. 1995),
and historical model evaluation (Simpson and McCain 1995) DQOs all required vertical
profiles of the waste from at least two widely-spaced risers. This requirement was fulfilled,
allowing a spatial examination of the analyte concentrations. Contamination of the core 124,
segment 3 sample by HHF resulted in all drainable liquid data and the solids weight percent
water data from this segment being excluded from the mean calculations and other
evaluations. HHF intrusion of core 128, segment 5 resulted in the adjustment of the weight
percent water value. No further anomalies that might limit the use of the data were noted.

5.1.2 Quality Control Assessment

The usual QC assessment includes an evaluation of the appropriate standard recoveries,
matrix spike recoveries, duplicate analyses, and blanks that are performed in conjunction
with the chemical analyses. All the pertinent QC tests were conducted on the 1995/1996
core samples, allowing a full assessment regarding the accuracy and precision of the data.
As indicated in the SAP, the specific criteria for all QC checks were governed by the
Hanford Analytical Services Quality Assurance Plan (DOE 1995). QC results outside these
criteria are identified by superscripts in the Appendix A and Appendix B tables for all
analytes. A summary of the QC results is presented below.

The standard and spike recovery results provide an estimate of the accuracy of the analysis.
If a standard or spike recovery is above or below the given criterion, then the analytical
results may be biased. All standard recoveries were within the defined criteria with the
exception of one of nine total beta results, which was slightly above the limit. Total alpha
activity had 6 of 39 matrix spikes below the criterion of 75 to 125 percent recovery. This
was probably due to large sample sizes, which resulted in high amounts of solid material on
the sample mount and possible self-shielding (Baldwin 1996a). TOC had just one of 18
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results outside of the limit. For sodium, half of the spike recoveries for the fusion-digestion
results were below the criterion, and the three conducted on the acid-digested results were
well above the criterion. These poor recoveries were probably due to the high dilutions
required to measure the large sodium concentrations. The few spike recovery deviations for
the remainder of the analytes were very minor.

Analytical precision is estimated by the relative percent difference (RPD), which is defined
as the absolute value of the difference between the primary and duplicate samples, divided by
their mean, times 100. Total alpha activity had 16 of 39 RPDs above the criterion, probably
due to low sample activities and possible self-shielding. Reruns were not requested because
the largest sample mean was 250 times below the decision criteria threshold and the results
were near the detection limit. Regardless, the spike recovery and RPD deviations for total
alpha activity were not substantial enough to affect the criticality evaluation. Six of the 13
samples with exothermic reactions had RPDs above the criterion. This was not unusual
given the small sample sizes and possible sample heterogeneity problems. Several other
analytes displayed minor RPD deviations, likely due to sample concentrations near the
detection limit that adversely impacted the reproducibility of the results. Finally, none of the
samples exceeded the criteria for preparation blanks; thus, contamination was not a problem
for any of the analytes.

In summary, practically all of the QC results were within the boundaries specified in DOE
(1995). The few discrepancies noted should not impact either the validity or the use of the
data.

5.1.3 Data Consistency Checks

The comparison of results from different analytical methods can help to assess the
consistency and quality of the data. Close agreement between the two methods strengthens
the credibility of both results, whereas poor agreement brings the reliability of the data into
question, Sufficient anion data was not requested in the SAP for calculation of mass and
charge balances. A comparison of the total beta activity with the activities of the individual
beta emitters was made using the analytical mean composite level results for the total beta
measurement, and the activities of */*°Sr and ¥’Cs given in the Appendix A tables. The sum
of the beta emitters was calculated as follows:

Sum of beta emitters = (2 * **8r + Cs)
Because *Sr is in equilibrium with its daughter product *°Y, the **Sr activity must be

multiplied by 2 to account for all of the beta emitters. This comparison is shown in
Table 5-1. The activities of the two methods compared well, yielding a ratio of 1.08.
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Table 5-1. Comparison of Total Beta Activity with the Sum of **8r and *’Cs Activities

Sr 9.70 19.4
B7Cs 122 122
Sum of beta emitters 141
Total beta activity 131
Ratio 1.08

5.2 COMPARISON OF HISTORICAL WITH ANALYTICAL RESULTS

Before the 1995/1996 core sampling event, the most recent sampling of tank 241-U-109 took
place in November 1975. Due to multiple transfers in the following years, no valid
comparison between any the 1995/1996 and 1975 results is possible. The 1975 results are
reported in Appendix C for information only.

5.3 TANK WASTE PROFILE

According to the estimate of Hanlon (1996), the 449 c¢m (176.7 in.) of waste in tank
241-U-109 consists of 72 kL (19 kgal) of supernatant covering 1,499 kL (396 kgal) of
saltcake and 182 kL (48 kgal) of sludge. The saltcake and sludge layers include 617 kL
(163 kgal) of drainable interstitial liquid. The TLM estimates were similar to those of
Hanlon (1996), but divided the saltcake layer into roughly equal portions of saltslurry and
saltcake, as well as dividing the bottom sludge layer into equal portions of CRW1 and MW
(see Figure 2-3).

The photographic montage of the waste surface showed a mixture of solids and liquids, and
possibly orange-colored saltcake floating on the liquid.

The visual descriptions of the samples indicated some variations in color between segments,
with medium gray being predominate, but also with some blue, brown, white, yellow, or
black. The texture varied from wet and slushy saltcake to dry and granular saltcake. The
descriptions comparing the segments where the two saltcake layers would be expected were
quite similar. The bottom segment from the three cores coincides with the two thin sludge
layers predicted by the TLM (Agnew 1996a), and their visual descriptions did differ from the
other segments, but were not consistent with each other. Based on all of the above
information, the tank waste appears to be somewhat heterogeneous.

5-3
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Standard statistical ANOVA (analysis of variance) models were fit to the 1995/1996 core,
segment, and subsegment data. The results from these models can be used to judge the
vertical and horizontal variability in analyte concentrations. Nested random-effects ANOVA
models were fit to the analytical data, provided that at least 50 percent of the individual
primary and duplicate measurements were above detection limits.

The p-value, from the ANOVA models, is compared to a standard significance level

(o = 0.05). If it is less than 0.05, then the analyte means are significantly different from
each other. However, if a p-value is greater than 0.05, the analyte means are not
significantly different from each other. In the following paragraphs, the p-values are in
parentheses.

Nine analytes had subsegment data from multiple core samples. The results of the ANOVA
indicated that there were significant differences in the mean concentration between
subsegments for all nine analytes (all p-values <0.0001).

Fifteen analytes had segment data from multiple core samples. The results from five of the
analytes were based on an acid digestion and the results from the other 10 analytes were
based on a fusion digestion of subsamples. Based on the acid digestion results, there were
significant differences in the mean concentrations between segments for 4 of the 5 analytes
[aluminum (< 0.001), chromium (< 0.001), total beta (< 0.001), and **Sr (< 0.001)].
For the fusion-digestion results, there were significant differences in mean concentrations
between the segments for 4 of the 10 analytes [nitrate (< 0.001), TIC (0.012), total alpha
activity (0.006), and ¥'Cs (0.004)].

In addition, for the segment level data, there were no significant differences in the mean
analyte concentration between the three core samples based on the acid-digestion results. For
the fusion-digestion results, there were significant differences in mean concentration between
the three core samples for chromium (0.007) and weight percent water (0.032).

An ANOVA model was also fit to concentration data on 16 analytes based on core composite
samples. There were significant differences between the mean analyte concentrations, based
on core composite samples, for 10 analytes [aluminum, acid-digestion (0.004); aluminum,
fusion-digestion (0.025); chromium, fusion-digestion (0.003); sodium, fusion-digestion
(0.001); nitrate (0.003); TOC (0.040); weight percent water (0.016); total beta (0.001); *'Cs
(< 0.001); and *"°Sr (0.002)].

In summary, the Hanlon (1996) estimates, the TLM, the photo montage, the visual
descriptions of the samples, and the statistical results all indicated a certain degree of vertical
heterogeneity. The evidence for horizontal heterogeneity is less pronounced than that for
vertical heterogeneity. Data from 31 analytes were evaluated. There were significant
differences in mean concentrations between core samples for only 12 of the analytes (39
percent). In addition, the differences in the visual descriptions of the samples were less
pronounced between cores than they were between segments.
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5.4 COMPARISON OF TRANSFER HISTORY WITH ANALYTICAL RESULTS

The HTCE (Agnew 1996a) estimates of the tank contents are compared with the analytical
results from the 1995/1996 sampling event in Table 5-2. The HTCE values are generated
using a combination of several data sources, as described in Section 2.3.2. Each of these
data sources contains assumptions and/or other factors (such as transfers of an unknown
waste type into the tank) that may impact the modeled concentrations presented in the HTCE.
Since the HTCE values have not been validated, these comparisons are presented for
information only. The results compared quite favorably given the uncertainties inherent in
the HTCE values.

Table 5-2. Comparison of HTCE with 1995/1996 Analytical Results for Tank 241-U-109.

Aluminum 38,200 A N E )
Chromium 2,090 3,690 3,590
Sodium 1.91E+05 2.21E+05 2.27E4+05

2.13E+05 3.08E+05 3.31E+05

¥iCs 167 112 122

Total inorganic carbon
Total organic carbon |10,200 3,600

Weight percent water |27.3 % 23.7 % 253 %
Density 1.71 g/mL 1.67 g/mL 1.75 g/mL
Note:

Results from two segments only, from each of the three cores. See Appendix A, Table A-20.
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5.5 EVALUATION OF FROGRAM REQUIREMENTS

The 1995/1996 core sampling event was governed by three DQOs and a test plan. The
safety screening DQO (Dukelow et al. 1995) lists requirements for examining the waste in
each Hanford underground waste tank to identify safety problems, and to evaluate the tank
for placement on a Watch List or to verify current Watch List status. Tank 241-U-109 is
currently on the Flammable Gas Watch List. The organic complexant safety DQO (Turner et
al. 1995) addresses the possibility of an exothermic reaction between organic complexants
and precipitated nitrate or nitrite salts. The organic safety test plan (Meacham 1995)
examines the flammability potential of tanks containing entrained organic solvents. Finally,
the historical model evaluation DQO (Simpson and McCain 1995) attempts to acquire
information through selective tank sampling to quantify the errors associated with the
predictions for the waste composition. These issues were integrated by the SAP

(Baldwin 1996b) into a list of required analytical tests and their respective decision criteria
thresholds.

Section 5.5 discusses the requirements of each DQO and the test plan, and compares the
analytical data to their decision criteria thresholds. Section 5.5.1 discusses each safety issue
as identified in the safety screening and organic complexant safety DQOs and the organic
safety test plan, as well as evaluating the estimated tank heat load. Section 5.5.2 examines
the historical model evaluation.

5.5.1 Safety Evaluation

The safety screening DQO requirement that vertical profiles of the waste be obtained from at
least two widely-spaced risers was met. Of the five primary analyses required by this DQO,
three have decision criteria thresholds which, if exceeded, could warrant further investigation
to ensure tank safety. These three analyses include DSC to evaluate the fuel content, total
alpha activity to determine the criticality potential, and a determination of the flammability of
the gases in the tank headspace.

Regarding the organic complexant safety DQO, the optimum number of waste profiles
required is based on information such as historical sampling or prior sampling activities. If
specific information is not available, two vertical profiles will be obtained from
widely-spaced risers. Tank 241-U-109 was evaluated in accordance with this DQO because
the tank was identified as possibly containing > 3 weight percent TOC by a review of waste
transfer records (Tumner et al. 1995). The primary analyses required by this DQO are DSC,
TGA to determine the moisture content, and a TOC analysis to estimate its contribution to
the total fuel content. Decision criteria thresholds were also established by the DQO for
these analytes.

5-6
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The organic safety test plan supplements the two DQOs mentioned above, although the
decision criteria thresholds are less stringent. It attempts to confirm tank fuel content models
through resolution of three safety issues: organic solvent fires, organic complexant condensed
phase propagating reactions, and ferrocyanide propagating reactions. Required analyses
include DSC, TGA, and TOC.

Table 5-3 lists the applicable primary decision variables, DQOs or test plan, decision criteria
thresholds, and the analytical results from the 1995/1996 core sampling event for the safety
screening and organic complexant safety DQOs and the organic safety test plan.

Table 5-3. Decision Variables and Criteria for the Safety Screening and Organic
Complexant Safety Data Quality Objectives and the Organic Safety Test Plan. (2 sheets)
ApDIicE

ex
reactions < 301.9 J/g.
Organic complexant | 480 J/g Highest upper limit
to a one-sided 95%
Organic test plan 1,200 /g confidence interval on
the mean = 493.4 J/g.2
Total organic Organic complexant | 30,000 ug C/g Mean = 4,720 ug C/g
carbon'? Highest upper limit
to a one-sided 95%
Organic test plan 45,000 pg Clg confidence interval on
the mean =
18,600 ug C/g.*
Weight percent Organic complexant |17 wt % Mean = 23.7wt %
water Organic test plan | 0.022 [Fuel Gn J/g) |low = 6.38 wt %°
-1,200] wt %, or 20
wt %
Total alpha activity |Safety screening 41 uCi/g° mean = 0.0371 uCi/g
Highest upper limit to a
one-sided 95%
confidence interval on
the mean =
0.156 uCi/g’.
Separable organic | Safety screening Detected/not detected | None observed
layer
Flammable gas Safety screening 25 % of the LFL 5 % of the LFL
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Table 5-3. Decision Variables and Criteria for the Safety Screening and Organic
Complexant Safety Data Quality Objectives and the Organic Safety Test Plan. (2 sheets)

Notes:
tAll decision criteria thresholds and analytical results are given as dry weight values.
2This is the only 95 percent confidence interval upper limit that exceeded the decision threshold of
480 J/g. Tt was located in the lower half of core 128, segment 4. This value was most likely above the
limit because of variability in the data (Baldwin 1996a).

3All decision criteria thresholds for TOC were based on the fuel value of sodium acetate.

“This 95 percent confidence interval upper limit was obtained from subsegment A of core 123,
segment 9.

3This weight percent water result was the lowest sample mean ed, and was obtained from the

upper half of core 123, segment 3.

SAlthough the actual decision criteria threshold listed in the DQO was 1 g/L, total alpha activity was
reported in uCi/g rather than g/L. To convert the notification limit for total alpha into the same units as
those used by the laboratory, it was assumed that all alpha decay originated from ?’Pu. The SAP
assumed a tank density of 1.5 g/mL, and using the specific activity of ®Pu (0.0615 Ci/g), the decision
criteria threshold was converted to 41 uCi/g using the equation below (Baldwin 1996b). This equation
was also used to establish specific decision thresholds for each sample mean with a density greater than
1.5 g/mL, as directed by the SAP. The sample with the highest density, 1.97 g/mL, was quarter
segment C from core 123, segment 9. This density was converted to a decision threshold of 31.2 uCi/g,
representing the lowest threshold for any of the sludge samples. The conversion is presented below.

lg 1L 1 mL 0.0615 Ci 10° uCi _ 615 uCi
A 10 mL | |demsiy g 1g 1Ci density g

"This 95 percent confidence interval upper limit was obtained from core 128, segment 1.

The following DSC results are all given on a dry weight basis. Both the safety screening and
organic complexant safety DQOs have established a decision criteria threshold of 480 J/g for
the DSC analyses, while the organic safety test plan established a decision threshold of

1,200 J/g. Exothermic reactions were noted in several of the samples, but they were all
below the DQO thresholds (see Table 4-3). The single highest exothermic reaction showed a
change in enthalpy of 301.9 J/g. One of the upper limits to a one-sided 95% confidence
limit on the mean was greater than the decision threshold (493.4 J/g), but this was attributed
to variability in the data (Baldwin 1996a).

5-8
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The following TOC results are all given on a dry weight basis. The organic complexant
safety DQO established the decision criteria threshold for TOC at 30,000 ug C/g, whereas
the decision threshold for the organic safety test plan was 45,000 ug C/g. The mean TOC
concentration was 4,720 ug C/g, the largest sample mean result was 15,400 ug C/g, and the
highest upper limit to a one-sided 95 percent confidence interval on the mean for a single
primary-duplicate pair was 18,600 ug C/g. All analytical results were thus far below the
decision thresholds.

To investigate the relationship between DSC and the TOC content, the DSC dry weight
results for those subsegments that had exothermic reactions are compared with the
corresponding dry weight TOC results and the TOC energy equivalents in Table 5-4. This
comparison may be biased since DSC reports net enthalpy change; if endotherms are present,
they could mask the full extent of the actual exothermic reactions. The TOC data were
converted to their energy equivalent using the following equation (Baldwin 1996b). The

632 J/g value represents the energy equivalent of 5 weight percent TOC, based on a sodium
acetate average energetics standard. Assuming that all of the TOC is present as sodium
acetate may also bias this comparison.

Energy Equivalent = wt% TOC (dry weight) (63251/g)

Several of the sample means for weight percent water were below the organic complexant
safety DQO decision threshold of 17 weight percent, the lowest sample mean being 6.38
weight percent. However, secondary analyses are only required if both the fuel and moisture
decision limits are violated for a given subsegment. Because none of the DSC results
showed exothermic reactions with a change in enthalpy greater than the decision threshold of
480 J/g, the low weight percent water values were not a concern. The weight percent water
decision threshold for the organic safety test plan was 0.022 [Fuel (in J/g) - 1,200] weight
percent, or 20 weight percent. Since all fuel values were far below the decision threshold of
1,200 J/g (the minimum amount of fuel that the test plan considers necessary to support a
propagating reaction), the moisture content of the tank was not a factor.

The potential for criticality can be assessed from the total alpha activity data. The safety
screening DQO decision criteria threshold is 1 g/L. Since the laboratory reported total alpha
activity in units of uCi/g, the 1 g/L threshold was converted to 41 uCi/g, assuming a density
of 1.5 g/mL (Baldwin 1996b). If the analytical density for a particular sample mean exceeds
1.5 g/mL, then the threshold is adjusted according to the equation given in Table 5-3,
Footnote 6. Several of the sample densities were greater than 1.5 g/mL, the largest being
1.97 g/mL. This resulted in the lowest decision threshold being 31.2 uCi/g for quarter
segment C from core 123, segment 9. The overall tank mean was 0.0371 uCi/g, the highest
sample mean was 0.150 pCi/g, and the highest upper limit to a one-sided 95 percent
confidence interval on the mean was 0.156 uCi/g. Thus, all analytical and confidence
interval results were well below their respective safety screening DQO decision criteria
thresholds.
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Table 5-4. Comparison of DSC Analytical Results With TOC Energy Equivalents
(Dry Weight Basis).

1 101
2 |6,190 78.2 130.1
3 |2 -2 7.8
123:9 A, top % 1 |[15,900 201 30.5
2 | 14,800 187 57.3
124:5 Lower % 1 |5,850 73.9 273.6
. 2 |5,79 73.2 301.9
124:6 Upper 4 1 [8,290 105 252.7
2 |7,630 96.4 270
124:6 Lower % 1 9,480 120 141.1
2 19,790 124 151.7
128:1 Whole 1 17,220 91.3 0
2 16,960 88.0 21.2
3 |- -2 30.8
128:4 Lower % 1 |12,800 162 267.6
2 11,100 140 182.6
128:5 Whole 1 5,900 74.6 13.70
2 16,160 77.9 21.24
128:6 Lower % 1 [8,070 102 111.4
2 7,710 97.5 116.1
128:7 Lower %4 1 [9,660 122 131.1
2 19,740 123 134.4
128:8 Lower %4 1 16,990 88.4 0
2 7,420 93.8 112.2
3 {2 -2 70.3
Notes:

'The negative sign indicating an enthalpy change involving an exothermic reaction was not
included because total energy in J/g is being compared between the DSC and TOC results.

Triplicate runs were not conducted on any of the TOC samples.
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The flammability of the gas in the tank headspace is an additional safety screening DQO
consideration. The requirement is that any flammable gas present must be below 25 percent
of the LFL. The analytical results showed a maximum of 5 percent of the LFL.

Another factor in assessing tank safety is the heat generation from radioactive decay and the
resultant temperature increase of the waste. The 1995/1996 analytical results provided mean
estimates for ¥'Cs and *®Sr. Table 5-5 predicts the tank heat load to be 1,880 W

(6,420 Btu/hr). The HTCE provided an estimate of 4,120 W (14,100 Btu/hr), and
Kummerer (1994) estimated 1,720 W (5,865 Btwhr) based on tank headspace temperatures.
All of these estimates were well below the 11,700 W (40,000 Btu/hr) design specification for
single-shell tanks (Bergmann 1991). Since an upper temperature limit has been exhibited
(Section 2.4.3), it may be concluded that any heat generated from radioactive sources
throughout the year is dissipated.

Table 5-5. Tank 241-U-109 Estimated Heat Load.!

5iCs 3.57E405 1,690
89905y 9.70 28,400 150
Total 3.85E+05 1,880
Note:

'Because the composite level mean was higher than the segment level mean for both analytes, the
composite analytical results were used in order to provide the most conservative estimate.

5.5.2 Historical Model Evaluation

The primary objective of the historical model evaluation DQO is to acquire adequate
information through selective tank sampling to quantify the errors associated with predicting
tank waste composition based on waste transaction history and waste type compositions
(Simpson and McCain 1995).

The DQO identifies key waste components or key analytes for certain waste types, including
SMMS?2 saltslurry and SMMSI1 saltcake. Tank 241-U-109 was selected for historical
evaluation because it was expected to contain layers thick enough to provide entire segments
composed of these two waste types (Agnew et al. 1996a). The first step in the evaluation is
to compare the analytical results with DQO-defined concentration levels for the key analytes.
This comparison indicates that the predicted waste type is in the tank and at the predicted
location within the waste. If the analytical results are > 10 percent of the DQO levels (ratio
of 0.1 or more), the waste type and layer identification are considered acceptable, and
further analyses are requested (Simpson and McCain 1995).
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According to the TLM (Figure 2-3), segments 1 through 4 should be SMMS2 saltslurry and
segments 5 through 8 should consist of SMMS1 saltcake. Segment 9 was predicted to be
CWRI1 and MW. The analytical results for the key analytes were compared to the historical
model evaluation DQO-predicted concentrations for the SMMS2 saltslurry and SMMS1
saltcake waste types. The key analytes for these two waste types were sodium, aluminum,
chromium (SMMS? saltslurry only), carbonate, nitrate, and weight percent water. The
comparisons were made on the segment level for all three cores, and the results indicate that
all of the analytical results for the key analytes exceeded the 10 percent criterion specified in
the DQO, with the exception of the carbonate data from core 123, segments 2, 3 (upper 1/2),
and 3 (lower 1/2). In general, however, it appears that the predicted waste types are present
in the tank.

5-12
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6.0 CONCLUSIONS AND RECOMMENDATIONS

The waste in tank 241-U-109 was core-sampled in December 1995 and January 1996, and
analyzed in accordance with the safety screening, organic complexant safety, and historical
model evaluation DQOs and the organic safety test plan. The safety issues evaluated
included energetics to determine the fuel content, TOC to determine its contribution to the
total fuel content, weight percent water, total alpha activity to assess criticality, and
flammable gas concentration. The SAP (Baldwin 1996b) required the laboratory to perform
ICP and IC analyses for lithium and bromide to determine whether any samples were
contaminated by HHF. Also, the historical model evaluation DQO required analyses of
several additional analytes that will be used in an attempt to quantify the errors involved in
predicting tank waste composition. All samples were analyzed at the Westinghouse Hanford
Company 222-S Analytical Chemistry Laboratory. Vapor samples were taken from the
headspace of the tank on August 10, 1995 and analyzed to characterize the vapors present in
the tank headspace according to the vapor sampling DQO.

Regarding the safety evaluation, comparisons were made between the analytical results and
the decision criteria thresholds listed in the safety screening and organic complexant safety
DQOs and the organic safety test plan. All of the following DSC and TOC values are given
on a dry weight basis. No exothermic reactions with a change in enthalpy above 301.9 J/g
were observed in any of the samples, as compared with the safety screening and organic
complexant safety DQOs decision criteria threshold of 480 J/g, and the organic safety test
plan decision threshold of 1,200 J/g. Although the upper limit of the one-sided 95 percent
confidence interval on the mean was 493.4 J/g, this was attributed to variability in the data
(Baldwin 1996a).

The overall mean TOC result was 4,720 ug C/g, the highest sample mean was

15,400 ug C/g, and the highest one-sided 95 percent confidence interval upper limit on the
mean was 18,600 ug C/g. All results were below the decision thresholds of 30,000 ug C/g
from the organic complexant safety DQO and 45,000 ug C/g from the organic safety test
plan. The weight percent water results were not critical from a safety viewpoint because
neither the organic complexant DQO nor the organic safety test plan required a minimum
percentage of water in the absence of exothermic reactions above the decision thresholds.

No separable organic layer was detected in any of the samples. The highest sample mean for
total alpha activity was 0.150 uCi/g, the highest one-sided 95 percent confidence interval
upper limit on the mean was 0.156 uCi/g, and the overall mean was 0.0371 uCi/g. All total
alpha activity values were at least two orders of magnitude below their safety screening
thresholds. Vapor analysis showed all samples to be well below limits and do not indicate a
safety concern.
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The flammability of the gas in the tank headspace is an additional safety screening DQO
consideration. The decision threshold is that any flammable gas present must be below
25 percent of the LFL. This measurement was especially important considering that
tank 241-U-109 is on the Flammable Gas Watch List. The analytical results showed a
maximum of 5 percent of the LFL.

Based on analytical results, the estimated tank heat load was 1,880 W (6,420 Btu/hr). The
HTCE estimate of the tank heat load was 4,120 W (14,100 Btu/hr), while the estimate based
on the headspace temperature was 1,720 W (5,865 Btu/hr). All three estimates were below
the 11,700 W (40,000 Btu/hr) high-heat threshold (Bergmann 1991). Since the tank exhibits
an upper temperature limit, it is concluded that any heat generated from radioactive sources
throughout the year is dissipated.

According to the criteria established in the safety screening and organic complexant DQOs
and the organic safety test plan, the tank is considered safe.

The historical model evaluation DQO attempts to verify the presence of particular waste
types by comparing the predicted concentrations of certain analytes with the analytical
results. The results of these comparisons indicated that the tank does contain the predicted
waste types.

Hydrostatic head fluid marked with a lithtum bromide tracer was used during core sampling
operations, and contamination of over 50 percent occurred in segment 3 of core 124. Thus,
the drainable liquid results and the solids weight percent water results from this segment
were not used in any evaluations concerning this tank. Some HHF intrusion was also noted
in segment 5 of core 128. Because this contamination was less than 50 percent, the weight
percent water results were corrected for the intrusion and used in all data evaluations.

A number of observations can be made concerning this tank:
1. Although tank 241-U-109 is on the Flammable Gas Watch List, the flammable gas
concentration in the headspace is well below the threshold and is not a cause for

concern.

2. The metal waste heel has a level of uranium that exceeds the value predicted from
the transfer history.

3. The aluminum in the waste is mostly soluble in water. This agrees with the
process history.




WHC-SD-WM-ER-609 Rev. 0

7.0 REFERENCES

Agnew, S. F., I. Boyer, R. A. Corbin, T. B. Duran, J. R. Fitzpatrick, K. A. Jurgensen,
T. P. Ortiz, and B. L. Young, 1996a, Hanford Tank Chemical and Radionuclide
Inventories: HDW Model Rev. 3, LA-UR-96-858, Rev. 0, Los Alamos National
Laboratory, Los Alamos, New Mexico.

Agnew, S. F., P. Baca, R. A. Corbin, T. B. Duran, and K. A. Jurgensen, 1996b, Waste
Status and Transaction Record Summary for the Southwest Quadrant,
WHC-SD-WM-TI-614, Rev. 1, Westinghouse Hanford Company, Richland,
Washington.

Alstad, A. T., 1993, Riser Configuration Document for Single-Shell Waste Tanks,
WHC-SD-RE-TI-053, Rev. 9, Westinghouse Hanford Company, Richland, Washington.

Baldwin, J. H., 1996a, Final Report for Tank 241-U-109, Rotary and Push-Mode Cores 123,
124, and 128, WHC-SD-WM-DP-181, Rev. 1, Westinghouse Hanford Company,
Richland, Washington.

Baldwin, J. H., 1996b, Tank 241-U-109 Push Core Sampling and Analysis Plan,
WHC-SD-WM-TSAP-052, Rev. 1-A, Westinghouse Hanford Company, Richland,
Washington.

Bergmann, L. M., 1991, Single-Shell Tank Isolation Safety Analysis Report,
WHC-SD-WM-SAR-006, Rev. 2, Westinghouse Hanford Company, Richland,
‘Washington.

Brevick, C. H., L. A. Gaddis, and E. D. Johnson, 1994, Supporting Document for the
Historical Tank Content Estimate for U Tank Farm, WHC-SD-WM-ER-325, Rev. 0,
Westinghouse Hanford Company, Richland, Washington.

Brown, R. G., 1996, Compilation of Hydrogen Data for 22 Single-Shell Flammable Gas
Watch List Tanks, WHC-SD-WM-ER-576, Rev. 0, Westinghouse Hanford Company,
Richland, Washington.

DeLorenzo, D. S., A. T. DiCenso, D. B. Hiller, K. W. Johnson, J. H. Rutherford,
D. J. Smith, and B. C. Simpson, 1994, Tank Characterization Reference Guide,
WHC-SD-WM-TI-648, Rev. 0, Westinghouse Hanford Company, Richland,
Washington.

DOE, 1995, Hanford Analytical Services Quality Assurance Plan, DOE/RL-94-95, Rev. 2,
U.S. Department of Energy, Richland, Washington.

7-1



WHC-SD-WM-ER-609 Rev. 0

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

Evans, J. C., B. L. Thomas, K. H. Pool, K. B. Olsen, J. S. Fruchter, and K. L. Silves,
1996, Headspace Vapor Characterization of Hanford Waste Tank 241-U-109: Results
Jfrom Samples Collected on 8/10/95, PNNL-10959, UC-606, Pacific Northwest National
Laboratory, Richland, Washington.

Ecology, EPA, and DOE, 1996, Hanford Federal Facility Agreement and Consent Order, as
amended, Washington State Department of Ecology, U.S. Environmental Protection
Agency, and U.S. Department of Energy, Olympia, Washington.

Hanlon, B. M., 1996, Waste Tank Summary Report for Month Ending March 31, 1996,
WHC-EP-0182-96, Westinghouse Hanford Company, Richland, Washington.

Horton, J.E. to W.R. Christensen, December 15, 1975a, Analysis and Characterization of
Sludge From Tank 109-U, ARHCO internal letter, Atlantic Richfield Hanford Company,
Richland, Washington.

Horton, J.E. to W.R. Christensen, December, 1975b, Concentration Laboratory Assistance,
ARHCO internal report, Budget Number B0651, Atlantic Richfield Hanford Company,
Richland, Washington

Kummerer, M., 1994, Topical Report on Heat Removal Characteristics of Waste Storage
Tanks, WHC-SD-WM-SARR-010, Rev. 0, Westinghouse Hanford Company, Richland,
‘Washington. .

Kupfer, M. J., J. M. Conner, R. A. Kirkbride, and J. R. Mobley, 1994, Interim Data
Quality Objectives for Waste Pretreatment and Vitrification, WHC-SD-WM-DQO-001,
Rev. 1, Westinghouse Hanford Company, Richland, Washington.

Leach, C. E., and S. M. Stahl, 1993, Hanford Site Tank Farm Facilities Interim Safety
Basis, WHC-SD-WM-ISB-001, Rev .0, Westinghouse Hanford Company, Richland,
Washington.

Lipnicki, J., 1995, Waste Tank Risers Available for Sampling, WHC-SD-WM-TI-710,
Rev. 2, Westinghouse Hanford Company, Richland, Washington.

Meacham, J. E., 1995, Test Plan for Samples From Hanford Waste Tanks 241-BY-103,
BY-104, BY-105, BY-106, BY-108, BY-110, TY-103, U-105, U-107, U-108, and U-109,
WHC-SD-WM-TP-378, Rev. 0, Westinghouse Hanford Company, Richland,
‘Washington.

7-2



WHC-SD-WM-ER-609 Rev. 0

Osborne, J. W., J. L. Huckaby, E. R. Hewitt, C. M. Anderson, D. D. Mahtum, G. A.
Publisher, J. Y. Young, 1995, Data Quality Objectives for Generic In-Tank Health and
Safety Vapors Resolution, WHC-SD-WM-DQO-002, Rev. 1, Westinghouse Hanford
Company, Richland, Washington.

Rogers, R. D., and H. T. Daniels, 1944, Specifications for Construction of Composite
Storage Tanks Bldg. #241 at Hanford Engineer Works, CVI-73550, E. 1. Du Pont de
Nemours & Co., Richland, Washington.

Simpson, B. C., and D. J. McCain, 1995, Historical Model Evaluation Data Requirements,
WHC-SD-WM-DQO-018, Rev. 0A, Westinghouse Hanford Company, Richland,
‘Washington.

Tran, T. T., 1993, Thermocouple Status Single-Shell and Double-Shell Waste Tanks,
WHC-SD-WM-TI-553, Rev. 0, Westinghouse Hanford Company, Richland,
Washington.

Turner, D. A., H. Babad, L. L. Buckley, and J. E. Meacham, 1995, Data Quality Objective
to Support Resolution of the Organic Complexant Safety Issue,
WHC-SD-WM-DQO-006, Rev. 2, Westinghouse Hanford Company, Richland,
Washington.

Vitro Engineering Corporation, 1988, Piping Waste Tank Isolation TK 241-U-109,
Drawing H-2-73157, Rev. 4, ICF Kaiser Hanford, Richland, Washington.

WHC, 1996, Surveillance Analysis Computer System database, June 24, 1996, Tank Farm
Surveillance Engineering, Westinghouse Hanford Company, Richland, Washington.

Winkelman, W. D., 1996, Technical Basis and Spreadsheet Documentation for Correcting
Waste Tank Core Samples for Water Intrusion Based on LiBr Tracers,
WHC-SD-WM-CSWD-081, Rev. 0, Westinghouse Hanford Company, Richland,
‘Washington.

7-3



WHC-SD-WM-ER-609 Rev. 0

This page intentionally left blank.

7-4



WHC-SD-WM-ER-609 Rev. 0

APPENDIX A

ANALYTICAL RESULTS FROM 1995/1996 CORE SAMPLING
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A.0 ANALYTICAL RESULTS FROM 1995/1996 CORE SAMPLING
OF SINGLE-SHELL TANK 241-U-109

A.1 INTRODUCTION

Appendix A reports the chemical, radiochemical, and physical characteristics of
tank 241-U-109 in table form and in terms of the specific concentrations of metals, ions,
radionuclides, and physical properties.

Each data table lists the following: laboratory sample identification, sample origin
(core/segment/subsegment, or composite), an original and duplicate result for each sample, a
sample mean, a mean for the tank in which all three core means are weighted equally, an
RSD (mean), and a projected tank inventory for the particular analyte using the weighted
mean, the waste volume, the density, and the appropriate conversion factors. The projected
tank inventory column is not applicable to the weight percent water, DSC, or density data.
The data are listed in standard notation for values greater than 0.001 and less than 100,000.
Values outside these limits are listed in scientific notation.

The tables are numbered A-1 through A-27. A description of the units and symbols used in
the analyte tables and the references used in compiling the analytical data (Baldwin 1996a)
are found in the List of Terms and Section 7.0, respectively. For a description of the
sampling event and information on sampling rationale and locations, see Section 3.0.

A.2 ANALYTE TABLE DESCRIPTION

The "Sample Number" column lists the laboratory sample for which the analyte was
measured.

Column two specifies the core and segment from which each sample was derived.

Column three specifies the subsegment or whole segment for which the analyte was
measured. If adequate sample was available, the waste from a given segment was split into
upper and lower halves, or divided into subsegments (A, B, and C). If inadequate material
was recovered to split the segment, it was analyzed as a "whole" segment. The single
drainable liquid result is identified as "DL".

The "Result" and "Duplicate” columns are self-explanatory. The "Sample Mean” column is
the average of the result and duplicate values. If the result and duplicate values were both
nondetected or detected, then the mean is expressed as a nondetected or detected value,
respectively. If one of the two values is nondetected and one is detected, the sample mean is
expressed as a detected result. The result and duplicate values, as well as the result/duplicate
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means, are reported in the tables exactly as found in the original laboratory data package.
The means may appear to have been rounded up in some cases and rounded down in others.
This is because the analytical results given in the tables may have fewer significant figures
than originally reported, not because the means were incorrectly calculated.

The overall (or analyte concentration) means for the waste in tank 241-U-109 are given in
column seven, and were calculated as follows.

To obtain the overall weighted mean for the solids portion of the tank contents based on the
segment level results, the individual sample result and duplicate pairs within a given
subsegment were first averaged to obtain a sample mean. The DSC, TGA, TIC and TOC
analyses each had several triplicate runs conducted, and they were averaged into the
calculation of the particular subsegment means. The subsegment means within a given
segment were then averaged to obtain a segment mean, the segment means within a given
core were averaged to obtain a core mean, and finally the three core means were averaged to
obtain the overall mean. Not all of these steps were necessary for each analyte or for each
subsegment, but the procedure to be followed is the same.

All values, including those below the detection level (indicated by the less-than symbol, <),
were used in calculating the overall means. If 50 percent or more of all the individual
sample and duplicate results were detected, then the overall mean was expressed as a
detected value. If greater than 50 percent of all the individual results were nondetected, then
the overall mean was expressed as a nondetected value. The implication associated with
nondetected numbers as quantitative observations results in the mean concentrations and
inventory estimates being biased. The magnitude of the bias is unknown and the results
should be used with caution.

Separate overall means were also calculated for the segment level acid-digestion analyses and
the various composite samples following the same detected/nondetected rules specified above.
The overall means for segment level acid-digested analytes were weighted in the same
manner as the segment level analyses specified above. The overall means for the acid and
fusion-digestion composite samples were a simple average of the three core means. As
discussed in Section 4-4, drainable liquid means, RSDs, and inventories were not calculated
due to HHF contamination, but the analytical results are included in the following tables for
information.

The RSD (mean), given in column eight, was computed for applicable analytes using
standard ANOVA statistical techniques (nested models). If the overall mean for a given
analyte was "detected”, then an RSD (mean) was also calculated for that analyte. Because
all "detected"” means also had all of the individual sample/duplicate results detected, there are
no unknown biases in the statistical calculations for tank 241-U-109.
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As discussed in Section 4.1.4, HHF contamination precluded the use of the weight percent
water data from core 124, segment 3. The results are reported in Table A-25 for
information only, and were not used in the overall mean estimates or any other evaluations.
The solids data for this subsegment were retained, as a close examination of the data did not
reveal any obvious discrepancies with the analytical results from neighboring segments. A
low level of HHF contamination occurred in segment 5 of Core 128. The weight percent
water results were corrected for the contamination, and the corrected values were used in the
overall mean estimate and other evaluations. See Section 4.1.4 for a more complete
discussion.

The projected inventory, given in column nine, is the product of the overall analyte
concentration mean, the volume of tank waste (1,753 kL [463 kgal]), the density

(1.67 g/mL), and the appropriate conversion factors. Because the only DL recovered was
most likely HHF, it was decided to use the entire tank inventory estimate of 1,753 kL (463
kgal) in calculating the solids inventory.

The four quality control parameters assessed on the tank 241-U-109 samples were standard
recoveries, spike recoveries, duplicate analyses (RPDs), and blanks. These were
summarized in Section 5.1.2. More specific information is provided in the following tables.
Sample and duplicate pairs in which any of the QC parameters were outside their specified
limits are superscripted in column 6 as follows:

QC:a -- indicates that the standard recovery was below the QC range.
QC:b -- indicates that the standard recovery was above the QC range.
QC:c -- indicates that the spike recovery was below the QC range.
QC:d -- indicates that the spike recovery was above the QC range.
QC:e -- indicates that the RPD was greater than the QC limit range.
QC:f -- indicates blank contamination.

A-5



WHC-SD-WM-ER-609 Rev. 0

(s1e0ys ¢) "wnunwnly :syNsaY [eONATRUY 601-N-1HT JUEL

‘1-V Slqel

000°L1 00691 001°L1} % JomoT] 8¥£000196S
009'€1 009°+1 009°C1| % 1addn 74 LYE000L96S

0898 088°8 06v°8 20uM 174! 9Y€000196S
000°11 008°T1 002'01 Joym €¥T1 SYE000196S
08¥‘L 0Z8°L 0€1‘L JouM (474! ¥¥E000.L96S
p0S0+EYI'T| SO+HI1'Z| SO+HTT'T o] TLIO00.LIGS
po0S0+H88°T | S0+H06'T | SO+’ q 1LZ000196S
001°11 006°01 00€'T1 v 6:€T1 0LZ000196S
00911 00v°11 00611 | % om0 6920001965
00111 00V 11 008°0F | % Ioddn 8:€21 89Z000.L96S
20008 ‘01 09€‘6 00L‘TT| % amo] L9T000L96S
300007 ‘€1 000°T1 006°ST | % 1oddn L€T1 9920001968
000°v1 00S‘€l 009°v1| % oMo $97000.L96S
00S‘S1 008°ST 00Z‘S1| % 1oddn 9:¢71 ¥97000196S

08s‘6 0906 001°01 Joum (Sl £97000.L96S
s000bP 9 0€0°S ov8°L Soym yi€Tl 7920001965
0v9‘y 0I¢'y 086'y| % Jomo] 1920001968

0Tr'y 09ty OLY'¥| % Joddn £€71 097000196S

00Z'61 00881 00561 aoyMm (A4l 6S7000.L96S
00L°LS| 97Z€| 00L'61 0808 A 0Z6°L soym 1:€21 9570001968

A-6



WHC-SD-WM-ER-609 Rev. 0

oD

‘Juo)

o)

00868 00948 000°L8 sjoym 6821 015000.1L96S
008°C1 008°CI 006°C1| % 1emo] 6050001965
008°6 065°6 000°01] % Joddn 8:821 805000196
00T'L1 00L'LY 00L91| % Iomo] LOS000L96S
0091 00v‘¥1 008‘v1] 7 Joddn L8721 9050001968
000°ST 000°S1 006'v1| % Iomo] S0S000.L96S
00L‘91 00L‘LY 00L'S1| % Jaddn 9:871 050001965
006°¢1 00%‘¥1 00P'€l J0UM $:871 £0S000.L96S
005°81 00881 00Z'81| % Jomo] 7050001965
00€°01 0686 008°01| % Joddn ¥:821 10S000.L96S
0v6‘6 0¥6°6 0£6'6 S[oyMm £:821 0050001968
0zL'6 0£9°6 0086 sjoym 7821 66Y000L96S
0091 008°€1 00S‘S1 Jjoym 1:821 8610001968
25000961 00L°€] 00S°SZ| % Jomo 9S£000196S
009°11 00Z°T1 00121 | % seddn 61Tl $SE000L96S
000°ST 00671 001°ST| % om0 $SE000.L96S
00041 00€‘Y1 009°€1| % Joddn 841 £5€000.196S
015‘6 006'6 0T1'6| % lomo] TSE000.L96S
001°TI1 00L‘TT 00S01 | % soddn Ll 1S€000L96S
00902 00€12T 000°0Z| % Iomo 0S£000196S
008°61 00L‘61 000°0Z| % 1addn 9:4Z1 6P£000196S

(s190ys §) “wnununly SINS3Y [eonAeUY 601-N- 1T AUEL

'1-V 2[qelL

A-7



WHC-SD-WM-ER-609 Rev. 0

VIN

00£°6Z

VIN

o

0

1

VIN

000°

(19945 €) wnULN]Y SISY [RUATEUY 601-N-TT UBL

0

!

0089°S 0L9°S 00L'S 1a 23741 0870001968
00Z'11 00811 006°01 B/U 821 L15200196S
008°01 008°01 00L'01 B/u 74! 915700196S

2000008 0928 osL'L e/u €21 STSTO0L96S

6691001968

008°C1

B/U

8691001968

1171001968

6¥8700.196S

0vs°L 086'L s[oym AT 1Al 9¥ST00LI6S
00v'01 000°11| % Joddn 8971 88700L96S
001°€T 009°¢1 soum €921 L¥8T00196S
00011 09v‘8| % Jomo] 9:¢71 LYST00196S

'1-V SlqeL

9¥8T00L96S

A-8



WHC-SD-WM-ER-609 Rev. 0

081°‘9

e/u

011°c >

060°T >| 080T >| 001'CT >| % 1omoT] 8Y€000196S
09v'z >| 00s‘T >| o1%‘T >| % seddn (W74l L¥£000196S
09I°T >| 00ET >| 012 > souMm (274! 9Y£000.L96S
0017 >| 0S1'T >| 0s0°C > soum €42l SPE000L96S
0s1'T > | ov1'T > | 091°C > SJoym (A4 PPE000.196S
0081t >| 0181 >| 06L'T > o] TLTO00LI6S
098°1 >| O¥6'1 >| 08L1 > q 1L7000.196S
0sT'T >1{ 001'T > | 06£T > v 6:€T1 0LZ000.L96S
O¥8‘T > 1 0L8T >| 0181 > | % 1omo7] 697000L96S
0681 >| 08T >| 0161 > | % Jeddn 8:€T1 897000.L96S
09T'T > | 081'T>| 0O¥ET > | % Jomo] L9T000196S
ov8‘1 >| 0181 >| 0981 > | % Joddn L€Tl 9970001965
08T >| 0181 >| 0881 >| % IomoT] $9Z000LI6S
0627 >| o1g'e >| 097z > | % 1eddn 9:€C1 ¥97000.L96S
088°‘T > | OLL'T > | 0661 > JoyMm (M4l £97000196S
01Z'C >| 08TT>| oFI‘T > JoYM yi€Cl 7970001965
0v0‘T > | 0L0'T >| 010°T > | % Jomo] 1920001965
06’1 >| 0861 >| 006'T >| % 1eddn €:€T1 09Z000.L96S
osv'z > | 08€T >| 01§'T > sjoum gLl 6527000196S
ovE'T > 0L1°T >| ovs‘T > SjoyMm 1:€T1 9570001968

(s190s €) “pnwsig

sInsay [eonATeuy 601-N-1+T AL ‘Z-V SIQEL

A9



WHC-SD-WM-ER-609 Rev. 0

Blile}

Juo)

Slilve}

(s190ys ¢) ‘yInwsIg SHNSSY [BONATEUY 601-N-1¥C NUBL “T-V 2L

oL’z >| otz >| oic'e > SoyMm 6821 015000196S
0EE'T > | 08€°T > | 0LT'T > | % mo] 60S000196S
0L0‘T > | 0S0°T > | 080T >| % 3ddn 8:821 80S000LI6S
070C > | 0SI‘T >| 0881 >| % Iomoq L0S000196S
01T >| 0IT'T>| 00T'T >| % eddn L:8T1 90S000L96S
02T'T > | 0ITT > | 0€T'T >| % Iomo] $0S000196S
080T >| 0L6'T >| 081'CT >| % aaddp 9:821 #0S000.L96S
010C >| 0961 >| 090'C > soym S8zl £0S000L96S
001°T >| 0s0'T >| ov1'c >| % Jemoq T0S000.LI6S
0ETT > | 00ET >| 091°CT > | % roddn 821 1050001968
0I1€T > | OIET >| 00ET > SoyM €871 0050001968
010'T >| 0L0‘T >| Ov6'1 > SOUM 7821 660001965
011z >| op1I'T >| 0L0'T > Soym 1:821 8610001965
0z1‘c >| 091°c >| 0L0°C > | % 1emo7 9$£000.196S
0861 >| 0S61 >| 010'CT >| % 1eddp 6421 SSE000196S
098°T >| OSLT >| 0L6'1 > | % Jamo] $S€000.196S
0861 >| 0681 >| 000 >| % 1eddn 8:¥C1 £SE000196S
0P1'T > | 00T > | 02T > | % Jomo] TSE000196S
09T > | oKT'T > | 08¥'T >| % eddn IR 74 1SE£000.1L96S
0S8°T >| 098°1 > | 0£8°1 > | % Jomo1 0S£000196S
068°1T > | 0781 >| 0861 >| % Joddp 9:9Z1

6v£000196S

A-10



WHC-SD-WM-ER-609 Rev. 0

081‘9 B/u| 011 >

0S8°1 > | 0181 >| 0881 >| % Jomo] $9T000.L96S
06C°T > | o1e's > | 097'T > | % Jeddn 9:€21 ¥92000.96S
088°T > | OLL'T >| 0661 > aloym Szl £92000.L96S
012z > | 08Tz >| opi‘c > soym vzl 7920001965
ov0‘T > | 0L0‘T >| 010T > | % Jomo] 1920001968
0¥6‘1 > | 0861 >| 0061 >| % seddp €€zl 0970001965
0S¥'T >| 08¢'T >| 01§'T > Soym (A4 657000.196S
ove‘’T >| oer‘c > | ovs'c > soYM 1:€21 9570001965

(s190ys ¢) “wnmpED

s)nsay [eondreuy 601-N

-1y Ul

't°V 9[qEeL

088°1 >

or6'l >

0z8°1 >

0870001965

6691001968

0s6°1 >

0S6'1 >

ore'1 >

8691001965

swous ¢) -

000°C >

ynwsig snsay [RONATRUY 601-0-14C YUeL '7-V 9IqeL

0L6‘1 >

0£0°T >

1171001968

A-11



WHC-SD-WM-ER-609 Rev. 0

U0

Juo0)

Juo)

01I‘'T >| ovI't > | 0L0'T > aqoum 1:821 8610001965
0zTI‘'T >| 091°T > 0L0'T > | % 1emo] 960001965
0861 >| 0861 >| 010°C >| % ddn 6:4T1 $SE000.L96S
098t > | O0SL‘T >| 0L6'T >| % Jomo] $SE000L96S
0S6°1 > | 0681 >| 000'C >| % 3ddn 8:$21 £5£000.196S
ovi‘e > | 0v0'T > | 0€T'T > | % Jamoq TSE000196S
09e‘T >| ovz'z > | 08¥'T >| % eddn LTl 1S€000.L96S
0S8°T >| 0987 > | 0€81 > | % Jomo] 0SE000LI6S
06871 >| 078'T >| 0S6'1 >{ % 1ddn 91471 670001968
060°C > | 080°C >| 001°CT > | % lomol 8¥£000196S
09v'c >| 00s‘c >| 0Iv'T >| % ieddn [W741 L¥£000196S
01T >| 001't>| 01TCT> sjoym 174! 97£000196S
001°'T >| 0S1'T > | 080T > Soum €921 SYE000.196S
os1‘c > ori‘e >| o091z > JOUM Tl ¥¥E000.L96S
0081 >| 0187 >| o06LT > o) TLT000196S
0981 > | ove'l >| 08LT > q 120001968
0sT‘T >| 001'T > 06£C > A4 6:€T1 0LZ000196S
0p8‘1 >1 08T >| 0181 > | % 1omo] 6970001968
068°‘T >| o087 >| 0161 > | % Iddn 8:€Z1 8970001965
09Z°T > | 081'T>| OvE'T > | % 1amo] L9T000196S
0r8‘1 >| 0181 >| 0981 >| % 1eddn L€l 99Z000.L96S

(s190ys ¢) "wnioe) :s)nsoy [eONATRUY 601-N-147 UBL “¢-V 9IqRL

A-12



WHC-SD-WM-ER-609 Rev. 0

e/u

089°S

"Juo)

B/U

e/u

plile}

B/u

ov6'1 >

g}

1oy >

0¥ >

or’oy >

1a

(R4

0870001965

0381 > | Op6‘'1 >| 0z8°1 > B/u 8z1 6691001965
0S6‘T > | 0S6'T >| Ov6'1 > B/U ZA! 8591001968
000‘C > 0£0°C > e/u €Tl

0L6'1 >

1171001968

oL1I‘e > | ogr‘c > | o1t > sloym 6821 0150001965
0EE'T > | 08€‘T > | OLT'T > | % 1amo] 6050001968
0L0‘T > | 0s0‘'z >| 080‘C >| % Ieddn 8:8¢1 80S000196S
00T > | 0SI1‘T > 0881 > | % Iomo] LOSO00LI6S
01T°T > 0IT'T>| 002°T > | % 3eddn L8271 9050001965
0ZT‘T > | 0IT'T > | 0€C°T > | v 1omo] S0S000.L96S
080T > | 0L6'T >| 081‘C > | % 3oddn 9:8Z1 $0S000196S
010'T > | 096°1 >| 090°C > oYM $:8T1 £05000196S
0017 > | 0S0z >| Ov1‘T >| % Iomo] 70S000.L96S
0eT'T > | 008'T > 91T >| % 1ddn 821 1050001968
OIE'T > | 01E'T > | 00€T > soum €821 0050001965
010°T > | 0L0'T > | Op6'l > sloym (A7AN 66v000196S

(s120ys ¢) "wnpE) SINSAY [eoNAUY 601-N-1HT YUel "¢-V 3IqeL

A-13



WHC-SD-WM-ER-609 Rev. 0

00801

|4

069°€

08¢’y o'y 01¢‘y| % Iomo] 8+£000196S
250088V 01S°S ove'y| % 3addn SHTI L¥E000.L96S
080°¢ 0zI‘e 010°¢ A0UM 874! 9¥£000196S
08Z°¢ 09¢'c 061°¢ EILIY €921 SYE000196S
«50081°E 0EL'S 09T aloyum (74| ¥¥£000.196S
081°1 0TIl ovT'1 o) ZLT000196S
016'1 0£8‘1 066°1 q 1L7000196S
0EL'S 0L6'S 06v°‘S v 6:€21 0L7000196S
0zz's 01¢'s 0E1‘e| % om0 692000.196S
095°c 029°¢ o6v'c| % 1ddn 8:¢2l 897000LI6S
200069°C 07€T 090°¢| % 19m07 L97000196S
orz'e 00Z'c 0LT‘C| % 1eddp L€l 99Z000.L96S
005'€ 0£s°E 09v°c| o om0 $97000.L96S
0L8°¢ 0Z6‘c 0Z8°'c| % =ddn 9:€Z1 ¥92000196S
20096'T 015°T 01t'e soyM S€zl £92000196S
08+'C 06+'C 0LY'T SJoum 174! 7920001965
0841 06£°1 OLS‘1| % om0 1920001965
ove'l 09€‘1 0€e‘T| % Iaddn £:€T1 097000.L96S
018°1 0SL‘1 0L8°1 soym (74| 6520001965
096‘T 0r0‘s 068°C 3[oym 1:€21 9570001968

(s199ys €) “wnpwoIy) s)NsIY [eIMATRUY 601-N-1¥Z AUEL "4~V 2Iq8L

A-14



WHC-SD-WM-ER-609 Rev. 0

Juo)

JuoD)

Juo)

0p0°c 0L0‘€ 020°c S0UyM 6:821 0150001968
008°€ 0sL‘e 0S8°c| % JomoT 6050001968
090°€ 020°s 011‘c| % Jeddn 8:871 8050001965
059°S 0zs‘s 08L'S| % lamo] LOS0001L96S
001°s 058'y 0sg‘s| % eddn L1871 9050001965
oz1‘s ove's 000°‘S| % Iomo] S0S000.L96S
00S‘S 0I5‘s 06b‘S| % 1eddn 9:8Z1 $0S000.196S
0zv'y 09S‘y 08Z‘y 30YM S8zl £05000.L96S
oFE‘L o11°L 09S°L| % TomoT 7050001968
078°T 0zs‘T 0£S‘T| % 1ddn 821 1050001968
089°C 01L‘T 099C s[0yM €821 00S000196S
0LZ'E 08Z'¢ 092‘¢ JouM 8zl 667000.196S
0SZ‘8 01L'L 06L°8 S0YM 1:821 8670001965
0zl'e 0§1°¢ 060°C| % Tomo 95£000196S
00Ty 081‘y 01T'%| % 12ddn (574! $SE000.L96S
or6'y 0£6'y 0r6‘y | % Jomo] ¥5£000.196S
001°p 081y 020'v| % aeddn 842l £5E£000L96S
0£p'T 0152 0SE‘T| % Tomo] 7S€000196S
081°¢ 0Tt'e 0s1'e| % 1eddn LTl 16£000196S
ors‘s 06L‘S 08Z‘S| % 1omo] 0S£000196S
ove's 0LE'S 01€'S| % 1eddp 9:¢T1 6v£000196S

(5190Ys €) "wniwoIy) SINSIY [EONATRUY 601-N-1HZ JUBL "4V SqeL

A-15



WHC-SD-WM-ER-609 Rev. 0

Bju

0S°1

005°01

029‘1

B/U

§'el

'Ll

B/u

0€s

065°€

1239

(s190ys €) wnwoiy)

S'LTT

8Tl

LTl

1a

1R 4!

0820001965

s 6LS S0S e/ 871 L1SZ00196S

%S ovs s B/u 74! 915Z00L96S
S°LOS 81¢ L6V /U €2l STSZOOLI6S
00v'y ovy'y 0SE‘y e/u 821 6691001965
099°¢ 00L‘€ 019‘¢ e/u ¥zl 8S9T00LI6S
0zL'T 088‘C 0LS‘T B/U €21 117100196

9EL YL 9ZL| % 1eddn L8TI 687001965

9%S (439 09§ sjoum (AL741 9¥$700196S
S'1+8 S8L 868| % Iaddn 8:9T1 8¥8TO0LIGS
S'6LE 99¢ €6€ aouMm €42l L¥8700196S
$°80T 122 961 | % JomoT 9:¢71 LYSTOOLIGS
$'909 759 195 oYM 174! 9¥8700196S

synsay feondreuy 601-N-1¥C AUel “¢-V 2IqeL

A-16



WHC-SD-WM-ER-609 Rev. 0

091'% >

B/U

0501 > | Ov0‘l >| 080T > | % Jomo 8¥£000196S
0ET‘T > | 0ST'1 > | 00z‘1 > | % seddpn (Y74 LYE000.196S
080T > | 0s0‘T >| o001‘1 > aoym 27A 9b£000L96S
0901 > | 0601 >| 001 > 3[oyM €92l SPE000.1L96S
500€9°1 088‘1 08€‘1 S[oUM (A 74 $¥E000L96S
L68 > 906 > 888 > o) TLTO00196S
0g6 > 896 > 168 > d 1L2000196S
0LT'1 0871 0921 v 6€Tl 0LT000196S
06 > £€6 > LO6 > | % Jomo] 6970001965
96 > £€6 > $S6 > | % eddn 8:¢Z1 8970001965
0EI‘T >| 080°1 >| OLI‘T >| % 1omoq L9T000196S
616 > 906 > 766 > | % Jaddn L€T1 997000.196S
y26 > S06 > W6 > | % Jamo] $97000.196S
0SI‘T >| OLI‘T >| 01T >| % 3ddn 9:¢71 ¥97000.196S
or6 > L88 > £66 > S0uMm STl £92000..96S
0011 >| O¥I‘l >| 0901 > SoUM €21 7920001965
0Z0°1 >| 0€0'1 >| 000'1 >| % Tamog 1920001968
696 > 686 > 66 > | % 1eddn €:€T1 0920001965
0zz'1 > | 0617 >| 08Z‘1T > JoUM Tetl 6ST000196S
17428 b2 000818 0S8‘y 00511 JoUYM 1:€21 9570001965

(s190ys ) ‘moil :SHNSOY [EONATRUV 601-N-1HC JUBL "S-V S[QEL

A-17



WHC-SD-WM-ER-609 Rev. 0

Juo)

“Ju0)

09€°T| o0L0'T > 0r9°e ajoum 6821 0150001965
0911 > 061'T >| OEI'T > | % Jomo] 60S000L96S
0£0°T > | 0201 >| Ov0‘T > | % oddn 8:8C1 80S000196S
0101 >| 0L0°1 > ov6 > | % om0 LOS000196S
OI1°T >| OIT°T >| 0011 >| % 3ddn L:8T1 90S000.L96S
Ol >| 001°T >| 011 > | % lamo] S0S000L96S
or‘1 > L86 > | 0601 >| % 1oddn 9:871 $0S000.L96S
0101 > 186 > | 0£0'T > oYM $871 £0S000196S
0S0°T >| O0€0T >| 0LO'T > | % Jomo] T0S000196S
0ZI‘1 >| 0SI°T >| 0801 >| % 1ddn ¥:821 10S000.L96S
091°T > | OLI‘T >| osI‘lT > J[04M €821 0050001965
0101 > | 080°1 > we > S0UM 871 6670001968
#50000°T 029°C 08€°1 S0UM 1:821 86¥000..96S
0901 >| 080T >{ O0€0‘l >| % Iomo1 9$€£000196S

186 > €L6 > | 0001 > | % 1eddp 6421 $S£000196S

1€6 > LL8 > ¥86 > | % IomoT] ¥5£000196S

L6 > £v6 > 666 > | % Iaddn 8:9T1 £5£000.196S
0L0°T > 0201 >| 0711 > | % Jomo] 760001968
081°T >| 0ZI'T >| O¥C'1 >| % 1addn LTl 1S€000196S

¥26 > 1€6 > 916 > | % lomoT] 0S£000196S

"JuoD we > 116 > £L6 > | % Jeddn 9:921 6¥£000196S

(s199ys §) "oy :s)nsY [eONATeUY 601-N-1+T JUBL "S-V QIqEL

A-18



WHC-SD-WM-ER-609 Rev. 0

977 > 817 > ¥€Z > | % Jomog L9T000196S
¥81 > 181 > 981 > | % 1addp Li€TI 99Z000.196S
681 > 181 > 881 > | % Jomo] $9Z000.196S
677 > 1€2 > 977 > | % 1addn 9:€71 ¥97000.196S
881 > LLL > 661 > Soym 34! £92000.L96S
12T > 87T > yIT > Soym yi€2l 7970001968
0T > LOT > 107 > | % 1omo7] 1970001968
y61 > 861 > 061 > | % Joddn £:€Zl 0920001968
SYT > 8€T > 157 > oYM (474! 652000.196S
769 > e/u| 917 > ¥ET > €17 > ¥sT > a[0uM 1:€21 95Z000196S

(s109ys €) -osouruepy :SINSAY [eoNATRUV 60T-N1-1HC UBL °9-V AIqEL

087000.196S

116 > 669100196S
1L6 > 8691001965
0101 > 11¥100196S

(s199ys §) "uoll :S)ASIY [eONATeUY 601-N-1¥T YUBL "S-V 3IqeL

A-19




WHC-SD-WM-ER-609 Rev. 0

o)

"Ju0)

o)

1€2 > 1€2 > 0€T > S0UM €821 005000.L96S
107 > L0T > v6l > S0UM T'8C1 66¥000L96S

02z yiz > 97T S0UM 1:821 86¥000L96S
S €V 15T 9¢z| % 1amoq 95£000L96S
861 > S61 > 102 > | % iaddp 6:+T1 $S£000196S
981 > SLT > L61 > | % Jamo] $SE000LI6S
s61 > 681 > 002 > | % eddn 8921 £5€000L96S
17 > oz > €27 > | % mo] TSE000.L96S
9¢T > e > 8¥7 > | % 1eddn Ll 1S£000.L96S
S8l > 981 > €81 > | % somog 0S£000.196S
681 > 781 > s61 > | % 1eddn 9:4T1 67E000196S
607 > 80C > 01T > | % Jomo] 8¥€000.L96S
9vZ > 0sT > 197 > | % Ieddn 74! LYE000196S
91T > 01z > 122 > Sl0UM 184! 9¥£000196S
012 > s1T > S0z > JoyMm €971 SPE000.LI6S
s1z > yIT > 91T > s[oym Tl $¥E000196S
081 > 181 > 6LT > o) TLT000.L96S
981 > v61 > 8Ll > q 1LZ000196S
$°05S 08S 128 v 6:€21 0LZ000.L96S
¥81 > L81 > 181 > | % Jomo] 692000196S
681 > L81 > 161 > | % toddn 8:€21 897000L96S

(s190ys §) -osoueSuRN :S)NSSY [EONATRUY 601-N-1+T YURL, "9-V S[qEL

A-20



WHC-SD-WM-ER-609 Rev. 0

B/U

(s199ys ¢) -asoueBuey :sHNSSY [eONATRUY 601-(1-1HT AUBL ‘9-V 9IQEL

8¢l

669100.L96S

144}

859100.L96S

€Tl

1171001968

0150001968
£eT > 8tT > LTT > | % 1m0 6050001968
LOT > 0T > 807 > | % 1eddp 8-8C1 80S000L96S
0T > S1T > 881 > | % lomo] LOSO001L96S
12¢ > 17¢ > 0% > | % eddn L:8T1 90S000.L96S
e > 177 > €T > | % 1omoT] S0S000196S
80C > L6l > 817 > | % xddn 9:871 P0S000196S
107 > 961 > 90T > IIOYM $:8C1 £0S000196S
01T > §0T > PIT > | % 1omoT] ¢0S000196S
€T > 0eT > 917 > | % zeddp ¥:8C1 1050001968

A-21



WHC-SD-WM-ER-609 Rev. 0

0€T‘1 >

e/

yiv > 9Iy > 11y > | % 1m0y 8¥£000.L96S
16y > 00 > 187 > | % 3eddn 3741 LYE000L96S
1€y > 61% > Wy > aoum 174! 9¥E000.196S
1y > oty > 1y > SouM 74! SYE000.L96S
oty > 8Ty > %Ky > J0UMm eI ¥¥€000.196S
65€ > 79¢ > ssE > o) TLTO001.96S
ue > L8€ > 95¢ > q 1470001968
8hy > 61v > LY > v 6621 0LZ000196S
89¢ > €LE > €9¢ > | % 1mo 697000L96S
8LE > €LE > 8¢ > | % 1eddp 8:€21 8970001965
sy > £Ey > 89% > | % Jomo L9T000.L96S
89¢ > 9¢ > gLE > | % seddn L€l 997000.L96S
oLg > 9¢€ > LLE > | % Tomo] $97000.196S
LSy > oY > Ty > | % 1eddn 9:€T1 ¥97000.196S
9LE > SSE > L6€ > soum [Sf4| £97000196S
v > LSY > (¥4 20 Joym yieel 797000196
801 > yiv > 10V > | % 1mo] 192000196
68¢ > L6E > 08¢ > | % 1eddn €€zl 0970001965
o6y > LLYy > 708 > Joum et 652000..96S
12y > L9v > 9zy > 805 > S[ouM 1:€21 9SZ000.LI6S

(51994 €) ‘TMPIN

1INS3Y oAUy 601-N-1¥T JUBL "LV 3IGBL

A-22



WHC-SD-WM-ER-609 Rev. 0

U0y

‘o)

Juo)

vEy > Ly > vy > aloym 6821 015000196S
S9p > 9Ly > ¥y > | % Iomo] 60S000.196S
ey > 60r > L1y >| % Jaddn 8:821 8050001965
€0y > oty > 9LE > | % Iomo] LOSO00LI6S
Ley > Wy > 1€y > | % Ioddn L8T1 9050001965
oy > Ity > Lyy > | 7 om0 $0S000196S
91y > s6¢ > LEY > | % 1eddn 9:8Z1 #0S000L96S
£ov > veg > iy > aoym (8741 £05000196S
61y > o1y > LIy > | % mog 70S000196S
9y > 6Sy > Uy > | % deddp 1821 1050001965
9% > oY > 09y > soum £:871 0050001965
w0r > yiy > 68¢ > Sjoym (414 6670001965
17y > 8Ty > €1y > 20UM 1:821 861000196
€Ty > Eh > €1y > | % Jomog 9$€£000.196S
S6€ > 68¢ > 100 > | % Jeddp 6421 SSE000196S
€LE > 15€ > vee > | % Imo] #S£000.196S
68¢ > LLE > 00y > | % Jeddn 84Tl £S€000.L96S
Ly > 80F > ovy >| % 19m0T TSE000LI6S
wy > sy > S6v > | % Joddn LTl 1S£000196S
oLg > yLE > 99¢ > | % Iomo] 0S£000196S

(5199 €) ‘JPIN :SHNSIY [BONATEUY 601-0-1+T AUBL “L-V SIqEL

A-23



WHC-SD-WM-ER-609 Rev. 0

(s10ys ) “suoydsoyd :snsaY [eoBATeuY 601-N-1+Z YUBL 8-V 9Iqel,

OISy >| 0EE'y >| 089t > | % Jomoq L9T000196S
089‘¢c >| 079t > | o0£L‘c > | % Jeddn Li€T1 9970001965
00L'E >| 079°C > | oOLL‘E > | % Joamo] $9T000L96S
0LS'y > | 079'v > | Ots'y > | % eddn 9:¢Z1 $97000196S
09L'€ >| 0ss‘c > | 0L6E > JJoUM STl £92000196S
oIv'y > | oLS'y >| o0sT'v > 2[oUM ¥:€21 7970001965
080F > | OVI'v >| 010 > | % Jomo] 192000.196S
068°c >| 0L6'c >| 008°C >| % loddn €:€T1 0920001965
006y >| oLL'y >| oz0s > s[oym e 6570001965
00v'€T > e/u| 000'8 > 0L9% >| 09T'%¢ >| 080°S > S0UM 1:€71 957000196S

087000.196S

669100.L96S

8691001965

L0t

(s190ys ¢) [OYIIN SINSY [EONA[RUY 601-N-1¥T NUBL °L-V 2IqEL

11¥100196S

A-24



WHC-SD-WM-ER-609 Rev. 0

Blive}

"Juo)

019 > | 0z9°v > | 0097 > Jloym £:821 005S000196S
0z0'v > | ovl‘P > | 068°€ > S[0UM 7821 661000196
po00IT'Y > | 08T% > | Otl'y > Joum 1:8¢1 8670001965
00€°'LS|  00¥09 00Z'vS | % 1omo] 95000196
00L'6Z| 00F'6C 000°0¢ | % 3oddn 6971 SSE000196S
0EL'E > | 0IS'C > | Ov6'c > | % Joamo1 ¥SE000196S
po0068°C > 1 OLL'E >| 0007 > | % Joddn 81Tl £5000196S
0LT'y > | 080 > 1 09%'% > ! % Iomo] TSE000196S
ozL'y > | 08v'y >| 086'v >| % 3ddn [B74 1S£000.L96S
00L'E > | OvL'C > | 099°C > | % Jomo] 050001968
oLL'e > | ov9'c > | 068'c > | % wddn 9141 6V£000196S
ovl‘'y >| 091y > | oIt > | % Jomoq 8¥£000.196S
016v >| 000°S > | 018v > | % 1ddn STl LYE000196S
o1e'y > | 061'v > | O’y > oYM Yzl 9£000196S
o1Z'y >| 00e'y >| O1l'y > aoym €921 SPE000.196S
08L‘L 0S1°8 0Tv'L Soym (44! ¥¥£000196S
06S°€ > | 079°c >| 08s‘c > o) ZLT000196S
si0000E L 0£5‘9 0908 q 1L2000196S
00V 19 005°‘cy 00€'6¢ \4 6:€21 0L7000196S
089c > | oeL'c >| 0£9c > | % 1amoq 6970001965
WOD ! pp08L'E > | OEL'C > | 078°¢ > | % wddn 821 8970001968

(s199ys €) "snioydsoyd :sINSIY [RONATRUY 601-N-1HT HUeL

8-V °IqeL

A-25



WHC-SD-WM-ER-609 Rev. 0

00581

Juo)

p'Cl

Juo)

00L'L 018°L 08S°L B/U 8¢l 6691001965

082‘9 0LS9 0009 B/ $21 8591001968

0ze‘9 066 0zL'S 09Z'¥ /U XA 11#100196S
0010 00Z°0% S[0UM 6821 0150001968

2i5000€ ‘01 009°11| % Jomo] 6050001965

01y > oL1'Y > | % 1eddn 8:871 80S000196S

0£0‘y > 09L‘C > | % Iomo] LOS000196S

oLE'y >| ozy'y >| o1€'v > | % seddn L8T1 905000.L96S

orb'y > | 0Ty > | OLY'P > | % om0 S0S000196S

091y > 1| 0S6‘€c >| oLE'y >| % eddn 9:871 $05000.196S

00’y > | Op6'E > | ot1'y > S[0UM $:8C1 £0S000196S

ov6°L ovT'L 098 | % omo] 70S000196S

“Juo) v’y > | 065y >| oze'y > | % eddn 821 10S000.L96S

(s199ys ¢) ‘snuoydsoyd :s)nsoY [eonAreuy 601-N-1¢7 YUel

8-V QIqeL

A-26



WHC-SD-WM-ER-609 Rev. 0

OLEE >

e/u

0S0‘T > | 0v0'1 > | 0501 > | % om0 8¥€000.L96S
0€z‘1 > | 05zt > 0071 >| % ddn 574! L¥E000196S
080°T >| 080T >| 001°1T > Soum Pl 9¥£000196S
0901 >| 060t >| 0£0'1 > S[oUM X 74! SPE000.L96S
080°T >| 0L0'1 >| 0801 > S[oyM (474! $PE000L196S
L68 > 906 > 888 > o) 7LT000196S
0¢6 > 896 > 168 > d 1.2000196S
0651 009°% 08S‘1 v 6:€T1 0LZ000LI6S
0Z6 > ££6 > L06 > | % om0 6920001965
¥6 > £€6 > §s6 > | % raddn 8:€T1 8920001968
OEI‘T >1 080T >| OLI‘T > | % Jomo] L9T000196S
616 > 906 > €6 > | % 1eddpn LET1 997000.L96S
¥26 > S06 > w6 > | % Jomo] $92000.196S
0ST‘T >} OLI'T > | o€1'1 >| % eddn 9:€Z1 ¥97000196S
ov6 > 188 > £66 > S[oym SETl £97000196S
001°‘T > | orI‘'T > | 0901 > S0YM yi€T1 7920001965
020°‘T >| 0£0'T > | 000‘T > | % Jomog 1970001965
696 > 686 > 6¥6 > | % Jaddn €€l 0970001965
0ze'1| o061°1 > 0se'l oYUM (A¥Al 6520001965
0S1‘1 > OvL‘1 0781 059°1 Jloym 1:€21 9570001965

(s130ys €) "UuOdIIS :SINSY [eONATRUY 601-N-1¥T JUBL °6-V SIGEL

A-27



WHC-SD-WM-ER-609 Rev. 0

090°¢ 0LT'E 0¥8°C CIUTY 6:821 0150001968
91T >| 0611 >| O€I'l > | % Jomo] 6050001968
0£0°T >| 0Z0°1 >| Op0'I >| % 1eddn 8:871 80S000196S
0101 >| 0L0'T > ov6 > | % Jamo] LOS000196S
O11‘'T >| OIF'T >| 0011 >| % eddn L:8T1 9050001965
OTI‘'T >| 0011 >| OTI‘T >| % 1omo] S0S000196S
or0‘1 > L86 > 060°T > | % Joddny 9:871 #0S000..96S
010°1 > 186 > | 0£0°1 > 2A04M $:8T1 £0S000196S
0501 > | 0£0°1 >| 0L0°1 >| % Iomo] 2050001968
0zI‘T >| 0SI‘1 >| 080°1 >| % 1addn ¥:871 1050001968
0911 >| oLI‘'T >| 0s1'1 > S0UM €821 005000196
0101 > | 0501 > L6 > a[oyM (474! 66v000196S
0S0°‘T >| 0LOT > O0€0'1 > SoUM 1:821 86¥000196S
09071 >| 0801 >| 0£0°1 >| % Jomo] 95€£000.196S

186 > €L6 >| 000°1 >| % 1oddn 64Tl SSE000L96S

1€6 > LL8 > ¥86 > | % Jomo] $SE000196S

1L6 > €6 > 666 > | @ 1eddn 84Tl £5£000196S

0L0°T > | 0201 >| 0TIl >| % Jomo] 7SE000196S

0811 >| 0ZI‘T >| oyz'l > | % Ieddn Lyl 15£000196S

v26 > 1€6 > 916 > | % Jomo] 0S£000196S

o) 6 > 116 > €L6 > | % 1addn 9:%¢1 67€000196S

(s199ys €) "uoOIIS :sINSSY [eONATRUY 601-N-THZ UL "6-V SIqEL

A-28



WHC-SD-WM-ER-609 Rev. 0

p00S0+H0P T | SO+H62°T| S0+H05°Z| % Jomo L9Z000L96S

SO+H87°C| SO+H6T'T| S0+7a87°7| % Joddny L€21 997000L96S

S0+AT1°T| SO+H80°T| S0+TP1°T| % IomoT €970001.96S

SO+HO0U'Z] SO+HTI'T| S0+HL0'T| % 3oddny 9:¢71 ¥92000.L.96S

SO+HYE'Z| S0+3LT°T| s0+T0t'T Joum Szl £97000196S

s0+Hz¢°Z| so+dge°z| so+H0¢€°T S[oym L% 7920001968

pouSO+HTY T| SO+ATY'T| SO+HIY'T| % Tomo] 1920001968

SO+H82°Z{ SO+T6T'T| SO+dLT'T| % 3oddny £:€21 0970001965

S0+H9¢°Z| s0+a1€°z| S0+H0Y'T sloym (434! 657000965

0'¢| so+a1TT SO-+H81'T| SO+HTTT| SO+THI'T S0YM 1:€21 9520001965

(s190ys §) ‘wnipog :SHNSIY [RONATRUY 601-N-14Z JIUEL 01

-V °IgEL

669100L96S

8591001968

B/u| 0851 >

(51905 €) ‘uooIS :SINSIY [eONATRUY 601-N-THT JUBL “6-V JIGBL

1171001968

A-29



WHC-SD-WM-ER-609 Rev. 0

Juo)

‘Juo)

"Ju0)

=00S0+8YS T | S0+H55°Z| so+d€5T S[oUM €871 00S000.L96S
S0+89%°Z| so+avyz| so+H8YT S[OYM (474! 661000L96S
SO+H0¥°Z | so+d6v°Z | SO+HI1ET JOYM 1:821 86¥000L96S
s0S0+H16°T | SO+HSE'T | SO+HL8'T| % Iomo] 95£000.L96S
2o0S0+HITT| SO+HAYT'T| SO+H0T'T| % 3oddn 6921 SSE000LI6S
SO+HLI'Z| SO+H91°T| SO+HSI'T| % Jomo] $SE000.196S
so0S0+H8TT| S0+H6Z°T| SO+HLTT| % 3oddn 8:¥C1 £5€000196S
SO+HAVE'T| SO+AICT| SO+HIE'T| % 1PMOT TSE000196S
=o0S0+HS8Z'T| SO+H8T'T| S0+d62'7| % Joddn Ll 1S€000196S
0S0+HOTT| SO+HSI'T] SO+TLI'T| % 1omo] 05£000196S
s:00S0+H0TT| SO+HOT'T] S0+T0T'T| % Ioddn 9:41 6¥£000196S
0S0+HTET| SO+HHVET| SO+HH6TT| % Jomo] 8¥£000.L96S
200S0+HLET | SO+HHGE'T] SO+HSC'T| % Joddn 74| L¥€000196S
55080+HSS T | SO+89S°T | SO+HPS'Z S[0UM y:¥T1 9£000196S
=00S0+H91°Z | S0+H60°7 | SO+HEZ'T S[OUM €921 SPE000.LI6S
20080+H08°Z | S0-+30S°Z | SO+HIS'Z Sl0UM (274! ¥PE000.L96S
YO-+HI6'S | YO+HETT1°9| O+HIL'S o) 7L7000196S
YO+H9Y'L | ¥O+HLS L | vO+TVEL q 1L.7000196S
S0+H90°Z| s0+Hs0°Z| S0+H90°Z v 6:€C1 0L7000196S
SO+a¥T'T| SO+HTTT| S0+897T| % omo] 6970001968
SO+H61°T| SO+HLT'T| SO+HAIT'T| % Ioddn 8:€71

(5120ys §) ‘winipog :SINSIY [eINATRUY 60T-N1-15 AUBL °O1-V S[qEL

8970001968

A-30



WHC-SD-WM-ER-609 Rev. 0

JuoD)

Juo)

SO+d81°C| SO+H61°T| SO+HLI'T B/u 871 6691001968
SO+AYE'T| SO+AYE'T| SO+HHYE'T B/u 4! 8691001968
S0+H8¢°CT| SO+H8T'T| SO+H8T'T B/U 1 X4 11¥1001968

S0+H67°Z | SO+HET'T| SO+HSE'T| % 30ddn L:8T1 6¥8700L96S
S0+H86°T| SO+H9S'T| SO+H6E°T SloUM [45:14¢ 9¥STO0LIGS
pobS0+H8E T | SO+H9E°T| SO+HOP'T| % I2ddn 8-¥C1 8¥8700L96S
S0+d8C°T| SO+AYT'T| SO+HTIC'T IjoUM 14! L¥8T00LI6S
»p:00S0+HT8'T | SO+HST | SO+HEY'T| % 1m0 9:¢T1 L¥STO0LI6S
:0050+H99°C| SO+H+8°T | SO+H8Y'T S1oYM ax4! 9¥8700196S

(S199Us ) “WINIpOS :SINSIY [BINATEUY GOT-N-14Z FUEL OI-V 2IGEL

200S0+H0S T | SO-+H2S1 | So+a6v°1 soym 6821 0150001968
200S0+HAYTT| SO+HST'T| SO+EYTT| % Jomo] 6050001968
5:00S0+HOET | SO+H0E'T| S0+T67°T| % Ioddn 8:871 8050001968
250S0+HT6'T | SO+HLE'T | S0+TL8 1| % 1omo] LOS000196S
500S0+ATT'T| SO+HELIT| SO+HSOT| % Joddn L8T1 9050001968
o0SO+HET'T| SO+AYI'T] SO+HTIT| % Jomo] S0S000.L96S
5050+890°T | SO+HE0'T] SO+HOI'T| % soddn 9:871 $0S000196S
o0S0+H91°Z| SO+H21°Z| SO+H0T'T S[oUM $:871 £0S000L96S
+00S0+H20°T | SO+HTO'T| SO+HEDT| 7% om0 20S000LI6S

“Juo) SO+H9v°C| S0+A8Y | SO+ASY'T| % Ioddn $:821 10S000.1L96S

A-31



WHC-SD-WM-ER-609 Rev. 0

00€‘TT > | 00801 > | 00L'T1 > | % Jomo] L9T000196S
061°6 > | 0906 >| 0€'6 > | % Joddn L€l 9970001968
ovZ'6 >| 0506 >| 0T¥'6 > | % Jomo] $92000196S
00STT > [ 00L°TT > | 00E‘TT > | % Joddn 9:€Z1 $92000196S
00v‘'6 > | 0L8'8 >| 0£6'6 > soum SETl £92000.1.96S
00011 > | oov'1I1T > | 009°01 > SoyMm yiel 7970001968
00201 > | 00€°01 > | 000°01 > | % Jomo] 197000196S
069‘6 > | 0686 >! 06v'6 >| % 1eddp €€zt 0920001965
00221 > | 006°11 > | 0021 > SouM (474! 6570001968
2/u [ 00901 > 008‘TT > | 008°01 > | 0OL‘TI > AOUM 1621 ST000.196S

(s190ys ¢) "wnmueln) SHNSOY [RINA[RUY 601-N-T1HT NUBL

8¢

-V alqeL,

B/U

SO+HL6'9

B/U B/U SO+H9L"T | SO+HILT| SO+HLL'T 1d £yl 08Z000L96S
S0+H8T°T| SO+HET'T| SO+HVET e/u 8¢C1 L1STO0L96S
SO+dyy°T| SO+HVY'T| SO+HEY'T B/u 144! 915700196S
0°C| SO+Hd8¢°C SO+HIP'T| SO+HLE'T| SO+HSY'T B/u £Tl S15200196S

(s190Us ) “winipos :sYNS3Y [eONATRUY 601-N-1¥C UEL "OI-V SIGEL

A-32



WHC-SD-WM-ER-609 Rev. 0

(s190ys €) ‘wn[uel) SHNSSY TeOBATRUY 601-N-1+C NUBL "[[-V 9IGEL

00911 > | ooL'11 > | 0OS‘11 > J[0oUM €821 00S000LI6S
001°01 > [ oos‘o1 > | ozL'6 > a[oum 44! 66v000196S
0os‘or > | ooL‘'o1 > | ooc‘or > a[ouyMm 1:821 86+000196S
009°01 > | 008°01 > | 00€‘0l > | % Iomo] 9S£000.L96S
0L8'6 > | 0EL'6 > 000°01 > | % Iaddp 6921 $SE0001968
01€'6 > | OLL'S >| OP8'6 > | % Iomo] $SE000196S
0IL'6 > | 0Eb'6 >| 066'6 >| % soddp 8:¥T1 £5€000L96S
00L°01 > | 002°01 > | 00211 > | % I9mo] 7SE000LIGS
008°TT > | 00211 > | 0ov‘el > | % Jeddn L1 15£000196S
0vZ'6 > | 01€'6 >| 0916 > | % 19mo] 0S£000196S
0zy'6 > | 0I1'6 >| o0£L'6 > | % 1addn 94Tl 6VE000.196S
00S01 > | 00v°01 > | 00501 > | % JomoT 8¥E000LI6S
00€ZT > | 00SCT > | 000°T1 > | % 1oddn 974! LYE000196S
00801 > | 00S°0T > | 000°1T > sjoym Tl 9¥£000.196S
009°01 > | 006°01 > | 0og‘01 > oYM €921 SPE0001L96S
00801 > | 00L0T > | 008‘01 > ST (474! YPE000196S
000L TT 001°p1 00E‘T1 o) 7LZ000196S
00€‘6 > | 0896 >| 0168 > q 1,2000196S
00Z‘11 > | 00S°0T > | 00611 > v 6:€T1 0L7000.196S
0076 > | 0€€'6 > | 0L0'6 > | % Jomo] 6920001965
o) | (o) o) orv'6 > | 0€€'6 >| 0856 >| % Iaddn 8:¢71 8920001965

A-33



WHC-SD-WM-ER-609 Rev. 0

05T

00+'8T >

"Ju0)

£'5¢

e/u

Elite}

8Ty

01L'6 >

“Juo)

(s19ys €) "wnuein

0'16C 0862 ¥87 B/u 821 6691001968
0'€92 0'957 oL B/u ¥l 8591001968
0°6CL 0'19L L69 /U €21 11¥100196S
0Ty’ >| 0TL'6 > 0116 > /U 871 669100L96S
0£L'6 > 0sL'6 > | 0IL'6 > ®B/u ¥l 859100.L96S
0666 >| 0.8'6 > | 001°01 > B/U £l 11¥100L96S
006'01 > [ 00L°01 > | 00011 > SoUM 6821 0150001968
00911 > | 006°11 > | 00ETT > | % Jomo] 60S000..96S
00€‘0T > | 00Z°01 > | 00¥°01 > | % Ioddp 8:871 80S000LIES
00101 > | 00L01 > | 00v'6 > | % 1omo] LOS000196S
00T°TT > | 00I°TT > | 000°11 > | % 3eddn L:8T1 90S000.L96S
001°TT > | 000°IT > | 00T'TT > | % Jomo S0S000.L96S
00v'01 > | 0.8°6 > | 006°01 > | % Iaddn 9:8Z1 $0S000LI6S
00101 >| 018°6 > | 00Og‘01 > aoyM $:871 £0S000.196S
00501 > | 00€°0T > | 00L‘01 > | % om0 20S000196S
00Z'TT > | 00S'TT > | 008°01 > | % 1oddn $:821 10S000.L96S

SINSSY Teondfeny 601-N-19T Juel “[1-V JqeL

A-34



WHC-SD-WM-ER-609 Rev. 0

S0+H60°S | SO+H8E’S | SO+H08"Y S04M STl ¥£7000196S

SO+8Y6°S | SO+HI10°9| SO+H98°S aJoyM x4 ££20001968
SO+HT6'S| SO+HASE'S | S0+H06'S| 7 om0 T€T000196S
+00S0+H98°S | SO+HO8'S | S0+HT6'S| % 1eddn Al 1£2000196S
S0+d8€°T| SO+aysT| S0+AT'T oYM TETT 0£2000196S

$0+H20°6 8°C1 | SO+H80'C| +55S0+HIL'E| SO+HTOY | SO+HOS'€ SoUM 1:€21 627000196S

(5190Us €) "RIIN :SIINSIY [eONATEUY 60I-N-T+T JUBL “¥I-V 3IqeL

*apuOn[d :SHNSIY [RONATRUY 601-N-1¥Z UL “€1-V SIQEL

*9pUOIYD :SHNSIY TeOBATRUY 601-N-14Z JUBL "Z[-V [QEL

A-35



WHC-SD-WM-ER-609 Rev. 0

“Juo)

Juo)

o)

S0+H98°7 | SO+HI8'T | SO+HLS'T| % IomoT] L9E000.196S
SO-+HEE’E | SO+A8EE | SO+AST'E| % 1oddn 891 99€000196S
SO+H6V ¥ | SO+HATH P | SO+HSS Y| % JomoT $9£000.196S
S0+H98'¢ | SO+H18°¢ | SO+HTE'C| % 1oddn Ll ¥9£000196S
SO+HSS’T | SO+HIOT | SO+HASY' I | % om0 £9£000.196S
S0+d69°T | SO+HLL'T| SO+H09'T| % Iaddny R74! 79£000196S
SO+HE6°'T | SO+HI0E | SO+HIBT| % Iamo] ‘ 19€000196S
S0+H86'¢ | SO+H66¢ | S0+H96'¢| % toddn S 74! 09€000.196S
SO+H91'¥ | SO+H0EY | SO+H10Y SJ0YM P92l 65€000L96S
S0+H7S8°7 | SO+HES T | SO+HBY'T S[oUM €421 85£000.196S
SO+H9L°T | SO+H89°C | SO+HS8'T S[0UM Tl LSE000L96S

000°0S|  00¥‘sy 009°1S o] £72000196S
0008 ‘b 009 00L‘TH q THT000L96S
SO+H90°T | SO+H90°T | SO+HS0'T v 6'€21 1¥2000196S
SO+A8SE | SO+HLS € | SOHHES'E| % JomoT] 0¥Z000.196S
SO+APEE | SO+AVE'E | SO+HEEE| % Ioddn 8:€71 6£2000196S
SO+HI8'¥ | SO+HYL'Y | SO+HE8 Y| P Jomo] 8£Z000.196S
+0S0+HST ¥ | S0+391°¥ | SO+ACT Y| % 12ddn L€Tl LETO00LI6S
SO+H00°€ | SO+H68°C | SO+AIT'E| % oMo 9£7000.L96S
SO+H68°C| S0+H90°¢ | S0+a¥9°T| % 1oddn 9:€71 SETO00LI6S

(s190ys ¢) "OIRNIN SN [eOBARUY 601-N-1+T AUBL “p-V JIqBL

A-36



WHC-SD-WM-ER-609 Rev. 0

S0+dSS°T| SO+HY"T | SO+HSOT /U 821 00L100196S
S0+H98°Z | SO+H1L'T| S0+d10°€ B/U ¥l 6591001968
SO+HIS P | SO+HSY ¥ | SO+TLE' Y /U €21 171001968
008°1¢€ 00L'Z¢ 008°0¢ souMm 6821 £2S000196S
»0:0080+H6C°T | SO+H09°T | SO+HE6'T| % 1m0 TTSO00L96S
SO+H8Y €| SO+H0S'E | SO+HSY' €| % Ioddn 8:821 125000196
S0+H90°1 | SO+HSO'T | SO-+H0'1| % 1omo] 0750001968
SO+H90°Z | SO+H91'Z| SO+H96'1 | % 3oddn L821 6150001968
SO+HS8'T | SO+H08'Y | SO+ATET | 71 JomoT 8150001968
550S0-+H09'T | SO+H6L’T | SO+HTY 1| % Ioddn 9:871 L15000196S
20pS0+H9S T | SO+HSS'T] SO+HILS'T 3loyM $:8z1 915000196
200S0+HPY T | SO+HLY'T | SO+HOT 1| % Jamo] S1S000.196S
«pS0+H86'E | SO+AYOE | S0+HT6'Y| % soddn $:821 $15000196S
SO-+H06"Y | SO+T19°¥ | SO+T61°S S[OUM £:821 £15000.196S
SO+H9S"Y | SO+HLI'¥ | SO+T9p°Y JoUM 7821 7150001968
2o0S0-+H89°1 | S0+dS6°1 | SO+HTF'1 Jl0UM 1:821 1150001968
008‘zTy|  008°9v 006°8€ | % tomo 69€000.L96S

o) 00L‘S6 008‘L8 | SO+HYO'T | % 1oddn) 6:¥T1 89€£000196S

(s190Us £) "9JRIIN :S)NSOY [BONATRUY 601-N-T+Z UL “¥1-V SIqeL

A-37



WHC-SD-WM-ER-609 Rev. 0

B/u e/ B/U 001°11 000°TT 00Z‘11 1a R4 08Z000.L96S

B/U E/U e/u 0L6'S 0609 058°S 1a €Tl 0820001965

B/U B/U e/u 0L0‘T >| 0L0°T >| 0L0°1 > 1d (R4 082000.L96S

"JREXQ 1SYNSIY [RONATEUV 60T-N-1+Z UBL '91-V S[GeL

B/u B/u B/U 006°TY 006 1Y 006°€Y 1d (R4 082000.L96S

MDIN SISOy [edNAEUY 601-N1-1+T HUBL GI-V dIqeL

A-38



WHC-SD-WM-ER-609 Rev. 0

8°LSI LST 651| % Jomo] 8¥£000196S
Sl Sel S11| % Jeddn (W74 LYE000196S

9Z'9L T8L EPL S[0UM 874! 97£000.196S

98°L6 S0l TL'06 oYM €921 SPE000196S

8L°09 979 L6'8S 2qouM (474! PPE000196S

8208 L8L 98°18 J TLT000196S

99°89 v°0L 7699 4 120001968

8L°L9 $°L9 L0°89 A 6:€71 0LZ000196S

6511 (4 0ZI| % 1omo] 6970001968

SLOT (41! €01 | % 1addn 8:€C1 8920001968

S'€01 6 EI1| % om0 L97000196S

$01 £01 S01| % 1addn L'€T1 9970001968

9141 9¢1 LYl | % 1m0 $9T000LI6S

T'SST 51 9¢[ | % 1addpn 9:€71 #97000196S

6901 €11 101 aoym SiETl £92000196S

5508°L9 0S 10°68 oYM 174 7920001968

30°8Y 44 L8'IS| % Jomo] 190001968

S8y T8y 88| % Joddn 0920001965

9516 L'06 £r'6 S0UM 6520001968

41! $0'¥8 978 81°'68 aloym 95700019685

(s190ys €) "LE[-WNISA) SINSIY [eOUATRUY 601-N-THZ AURL “61-V 9qBL

A-39



WHC-SD-WM-ER-609 Rev. 0

Juo))

1'99 1'L9 11°69 Soym 6821 0150001968
£el 821 LE1] % 1omo] 60S000.L96S
¥'011 801 €11 % Iaddn 8:871 80S000L96S
¥'y61 €07 981 | % IomoT] LOS000196S
7591 651 TLl| % 1eddn L'821 905000.L96S

91 91 ¥91 | % Jomoq S0S000LI6S
6'8L1 881 oLl| % 1eddn 9:871 $0S000LI6S
¥ 81 8S1 Lyl aloym $i8Tl £0S000L96S
T'S61 961 ¥61| % Jomo] 7050001968
11°56 816 We6| % 1eddn ¥:821 105000196
16'98 ¥'L8 98 Soym €:821 00S000.L96S
¥9'v6 66 LE¥6 2[0ym 7821 66Y000196S
£EET 921 142! s[oym 1:821 860001965
€0°09 1°6S 96°09 | % Jomo] 95£000196S
LI (44! T | % 1eddp 6921 SSE000.L96S

SS1 €SI LS1| % Jomo] $SE000LI6S

6€1 (44! 9¢1| % 3eddn 8971 £5£000L96S

6'L6 001 8661 % Jomo] 750001965

911 1ZA! 801 | % Jeddn LTl 1S€000L96S
8507 ¥1T 861 | % Jomo 05£000.196S

“Juo) 9°661 S61 961 | % 1addp 9:971 6¥£000196S

(s130ys ¢) "LE1-wnIsa) SN [edNATRUY 601-N-1+T JUBL “61-V 3IGEL

A-40



WHC-SD-WM-ER-609 Rev. 0

00187

1°01

b'S1

0L'6

689

ST LAl 111 B/U 871 6691001965
$6°6 101 86 B/U 144! 8691001968
688°L 11'8 99°L B/U X4 1171001968

L'8T]

90S000.L96S

$6°01 6L°6 % toddn

SE8'Y 96’y IL'y oYM ¢:8T1 66v000L96S
$68°8 €88 ¥6'8| % Jaddn 8:¥C1 £5£000196S
$T1'9 97’9 66'S aoum £vel SY£000196S
STr'L 69°L 91'L} % Iomo] 9-¢C1 $97000196S
S0S°E £t ILe dl0um 797000.L96S

LB Y4

34! 134! J24! B/u 8¢I1 669100.L96S
[¥41 4! 91 B/U 144! 8691001968
90°86 8°96 £8°66 E/u £l 1171001968

(s199ys €) Lg1-wmisa)

1SYINsay [EONATRUY 60T-N-1+Z AURL “61-V SI9eL

A-41



WHC-SD-WM-ER-609 Rev. 0

601

60T

9900 96400 8TV0°0| % Iomo1 ¥SE000.L96S
6¥20°0 0520°0 L¥20°0| % reddn 8921 £5£000.196S
2200810°0 ST10°0 SL10°0| % 1omo] 75€000196S
$020°0 S120°0 T610°0| % 1oddn LTl 1S£000.196S
£6£0°0 £6€0°0 £6€0°0| % Jomo 0S£000.196S
06£0°0 L1¥0°0 £9€0°0| % 12ddn 91471 6¥£000196S
6610°0 $610°0 £020°0| % Iomo 8¥£000.L96S
=20SE0°0 19%0°0 £v20°0| % Joddp (74 LYE000L96S
¥1€0°0 LOEO'0 12€0°0 J0uMm 1874 9£000196S
£870°0 £150°0 00 JouMm IR 74 SY£000196S
#890°0 €1L0°0 $S90°0 soum (474! ¥PE000196S
011070 ¥110°0 ¥110°0 o] 6:€21 TLTO00196S
6510°0 0910°0 8S10°0| % lemo 8:¢21 697000196S
29:5p9€10°0 0110°0 €910°0| % Jomoq L€zl L9T000196S
L8T0°0 7620°0 7820°0| % Jomo 9:¢Z1 S97000.L96S
00600 1920°0 ¥2€0°0 JouMm [l £92000196S
+008TP0°0 20£0°0 £550°0 aloym viezl 7920001968
006800°0 07S00°0 ¥210°0| % Iomo] 1920001965
9Z10°0 6210°0 $210°0| % Joddn €Tl 09Z000196S
*2:500610°0 72200 LS10°0 Soum TETl 65Z000196S
1L£0°0 1570°0 L920°0 9€20°0 soym 1:¢21 9570001968

(s199ys 7) “eyd[y [eIOL :SHNSIY [RONATRUY 601-N- 1T AUBL [Z-V SIqEL

A-42



WHC-SD-WM-ER-609 Rev. 0

B/u

01

"JU0)

B/u

Flilve)

B/u Y0-966'6| ¥0-9LT6 > | LOI0OO 1da I 74l 082000965
LLEOO £5€0°0 0%0°0 B/u 8zl 669100196S
£¥€0°0 LEEO0 6¥€0°0 B/u 174! 859100L96S

05€0°0 2501 €€0°0 $820°0 8L£0°0 B/u €2l T17100L96S
5019500 08+0°0 ¥90°0 sjoym 6821 01S000196S

=00l ¥S0°0 €190°0 18¥0°0| % Jomo] 60S000LI6S

8€20°0 ¥220°0 T820°0| % 1ddny 8:871 8050001965

£€€0°0 ¥2E0°0 176070 | % Jomo] LOSO00196S

2500 1720°0 0120°0 TL0°0| % 3eddn L1871 90S000196S
=0P070°0 1S10°0 9620°0| % Iamo] SOSO00LIGS

#508570°0 9820°0 6270°0| % 1eddn 9:871 #0S000196S

84100 SE10°0 1910°0 soym $:8zl £0S000L96S

L190°0 6590°0 9L50°0| % om0 7050001968

=00l 17070 8¥£0°0 €LY0°0| % Ioddn ¥:821 105000196S

25097200 £610°0 6520°0 ajoym €821 00S000L96S

+00C8E0°0 61+0°0 SPEO'0 Joym (474! 66¥000L96S

051°0 151°0 6¥1°0 soym 1:821 8640001965

$L80"0 1880°0 0L80°0| % Jomo 95£000196S

Juo) 509€50°0 9650°0 9Ly0°0| % Ieddn 6921 SSE000.LISS

(s100ys 7) eydiv Telol :snsaY [eOBATEUY 601-0-1+ YUBL [T-V 9IqBL

A-43



WHC-SD-WM-ER-609 Rev. 0

181 0s1 4y ! B/u 8zl 6691001965
9€1 €€l 6¢1 B/u 174! 8S9100196S
So+a+8°¢| 01 1€1 so1 £01 LOT /U €21 11¥100196S
$°891 691 891 | % seddn L:8TI 905000196
S1°66 L'86 9'66 sjoym (474! 66v000196S
Sl 681 1S1] % Jeddn 8:%T1 £5E000.196S
$°s01 €01 801 JoYM 7l S¥E000.L96S
S0ST 91 SS1| % 1m0 9:¢71 $9Z000.L96S
0+H69°€] 1T 91 sao0STSL 6'LS v'T6 Jj0yM 8x4! 7920001965

‘elog [B10], :S)NS9Y [EoNATeuY 601-1-19C AUBL “TT-V S[9EL

A-44



WHC-SD-WM-ER-609 Rev. 0

01Z°¢ 0s1°'¢ 0Lz'c a[oym 1 az4! 00£000.L96S

0Sk'e 09Z°¢ 0b9°c Soym €921 667000.196S

=o008L‘9 0r8°‘L 0£L'S Joum (A4 862000.L96S

065°1 0LS1 0191 0 1610001968

0L8°T 0LL'T 0L6'T 4 061000..96S
07Z's| oreonduy

00918 00Z°€1 0509 \ 6:€21 681000..96S
0£Z'6| oweonduy,

0188 OLL'L Ovb'6| om0 881000.L96S
00€°‘01 | areonduy

«500LT'6 059°6 0L8°L] % Ioddn 8:¢2l L81000.196S

0099 0#9°9 0LS‘9| % IOmoT 9810001965

008°01 00211 00€°01 | % 1addn Li€T1 S81000.196S

00601 000°TT 008°01 | % IomoT $81000L96S

00921 00S‘T1 00LTI| % 3eddn 9:€TI £81000L96S
ose‘c| oreonduy

0000y 09L°¢ 0567 2loum STl Z81000.196S

085y 0zL'y 08¢‘Yy QoYM 1274 1810001968

TSL 9LL 8TL| % Pmo] 0810001965

626 106 LS6| % Iaddp £:€T1 6L1000.196S

091°C 0Se‘T 096'T Joum (A %4 8L1000L96S

001°TTy  0TI| o0ss‘L ovb's 09L‘8 0£1°8 S[0YM 1:€21 LLT000LIES

(s199ys ) -uoque)) owediou] [EI0L SINSIY [EOBATRUY 601-N-1+T UL "€2-V 9IGeL

A-45



WHC-SD-WM-ER-609 Rev. 0

008°S1 00S°‘ST 00291 | % om0 TEP000LIGS
00111 00L‘11 00501 | % 3eddny L8271 1€7000196S
008°C1 006°C1 00LT1| % 3omoT 0£+0001.96S
008°€T 00v'¢1 00€‘cl| % Joddny 9:871 627000.L96S
009°01 009°01 00501 CICLTY [%5:741 8ZH000.196S
0996 00¥°01 0€6'8| % 1omo] LTH000196S
079‘¢ 0¥9°¢ 019°¢| % 1addn 821 9Z+000196S
0Z6°C 026°'C 0£6°C 2JOYM £:821 STYO00.LIES
092°S 06v‘S 020°S SJ0YM [ATA YTH000196S
00Z'L1 00v*91 00081 s[oym 1:821 £27000.196S
00Z‘1| aeonduy,
0€1‘1 0201 081°1| % 1Mo 01£000196S
009°6 0LT‘6 026'6| % 1eddn 6:¥21 60£000.L96S
00911 00611 002 11| % Jomo] 80£000.196S
008°01 00Z‘11 0001 | % Joddn 8Tl LOE000196S
0vZ‘9 001°9 08€°9| % 1omoT] 90£000.L96S
0Ls‘g| sweondul

085‘8 orl'6 0£0°8| % Iaddn L2l SOE000.L96S
001 ‘41 006°€1 00E‘PL | % 1Mo Y0£000..96S
00b°‘ST 008°v1 001°91| % 1oddn 9:%C1 £0£000.196S
000°C1 00171 000°C1| % 1omo] 70£000196S
‘wod | woed|  uoep 00S‘L 0L9'L 0€e‘L| % soddn 574! 10£000196S

(s190ys ¢) -uoqre) oruediou] [ejo], SINSSY [EINATRUY 601-N-THZ UBL "€T-V SIQEL

A-46



WHC-SD-WM-ER-609 Rev. 0

005°01

8L

(s199ys ) "uoge) oWESIQ TEIOL :SHNSSY [eONATEUY 601-N-1HZ UL “+T-V 9I9EL

ori‘y 01Z'Y 080‘v | % Iomo] ¥81000.196S
09L‘Y 0£8‘y 069‘v | % Iaddn 9:€71 £81000..96S
0847 0£E‘T 079‘C soYM Szl 7810001968
070'C 00T 000°'C soym yieTl 1810001968
0€1°] oL1‘Y 060°1| % Jomoq 0810001968
00€‘1 ore‘1 00€°1{ % Iaddn €1€Tl 6L1000.196S
0SE‘T 08¥°‘C 07Tt souM TETl 8L1000196S
069°C 0£9°C 0sL‘T 3oyMm 1:€21 LLT000196S

00v'+T

8L

(s190Us ¢) "uoqueD) owrediou] [EI0L :SHNSIY [LOBATRUY 601-N-1+T AUBL "€7-V IIGRL

0re‘s

01Z‘6 0596 OLL‘S B/u 81 8691001968
0zL'8 0Z5°‘8 0£6°8 B/U 144! LS9100196S
060°L 00L‘L 08%°‘9 e/u el LOY100196S

S£v000.L96S

PEv000196S

££¥000196S

A-47



WHC-SD-WM-ER-609 Rev. 0

“Ju0))

065‘S or¥'s orL‘s| % 1emo 80£000.196S
096 oLly 010°v| % Ioddn 8:921 LOEO00.LIES
50089°T 096°C OvE‘T| % TomoT 90£000196S
06s‘c| oreonduy
=0p09E‘E 01LT 06L¢| % aeddn LTl S0£000196S
0L1‘9 0LT'9 0L0‘9| % 1emoy $0E£000196S
099°S 0EV'S 006‘s| % 1addn 91471 £0£000.L96S
08S‘y 0SSy 009y | % Jomo] T0£000196S
000y 01ty 006'c| % Joddp STl 10£000196S
=o0098°1 0L1‘T 08s°1 SJoyM 74! 00£000.196S
09+°C 082°C 097 QUM €921 66270001968
=0008%‘1 089°1 062°1 Soum (44! 867000.196S
090°C 0S0°T 090°C 0 1610001968
orl‘e 078°C 0or's q 0610001965
0L8°‘6 05Z°6 068°6 v 6:€21 6810001968
059°¢| =veonduy,

0L8°C 0SE'y 009°c| % Iomo] 8810001965
089°¢ 016°C orv‘e| % Joddn 8:€21 L81000196S
098°C 065°C Or1°€| % lomo] 9810001968
o) piilve} 006°€ oLl‘y or‘c| % 1eddpn L'€T1 S81000.L96S

(s199ys ) “uoqreD) OWWESIQ [BI0L, :SHNSIY [eONATEUY 60[-N-1+T NUBL “$Z-V SIqEL

A-48



WHC-SD-WM-ER-609 Rev. 0

"JU0D)

089°¢ 01S‘E 0s8°¢ s[oym 6821 SEP000196S
0L6'v oTt's 0787 | % IomoTq FEFODOL96S
08€‘€ 01t'c osg‘c| % Jeddn 8:871 £€¥000196S
09L'S 06L‘S orL's| % 3omoq TEHO00L96S
+000E‘Y 01Ty 06€'y| % 1eddn L'821 1€$000196S
09Z°S ovl‘s 08€'S| % Iomo] 0£¥000196S
0s1°S ori's 091°S| % Ioddn 9:8Z1 6ZY000.L96S
09¢‘y 0ov'y oLy aoum $:8z1 8TH000196S
09€°9 006°S 078°9| % 10m0] LTY000196S
0r9°T 019°C 089°C| % 1oddn 821 9Z¥000LIES
089°C 099°C 01L'T aloym £:821 STHO00LI6S
085°T 0L9°C 0057 Joym 474! YTH000196S
096y 0.8y 0S0°S aloum 1:821 £27000196S
0g6'y | @eonduy,

a001ES 0£6'y 0L0‘9| % 1omo] 01£000196S
glile] ‘o) 020°S oLY'S 0LS'y| % Ieddn 6:¥21 60£000196S

(5199Ys ) "uoqueD) owedIQ [BI0), SHNSIY [EONATEUY 601-N-15 AUBL "pZ-V 9IGeL

A-49



WHC-SD-WM-ER-609 Rev. 0

086’ 1¢€ 0£Z-5¢ §6°9C 0vZ-S¢ IP°LE| % 3PMO] 17810001965
99°¢T 0¥C-St 69°€C S0Z-6¢ £9°€2| % Jeddn 9:€Z1| £81000L96S
€611 061-0v 90°¢1 081-0% 6L°01 dloyMm S€TI| C81000196S

£6'8 0¢1-0v £v'6 011-0v £v'8 oM ¥:€Z1| 181000196S
6v'8 0L1-O¥ Se'8 081-0¥ 09’8} % 1omo] 0810001968
8¢9 OLI-0v 9L’9 0L1-0v 009| % leddp €ETI|  (6L1000196S
§6°91 ovT-ov 8L°S1 ovT-Ov €Ll QoYM TEL}  (8LI00OLI6S
9°¢l L€t 9’1z S0T-S¢ 96°0C S0T-6€ 9L'1T SoUMm 1:€ZT|  (LLT000L96S

(5199ys ) 1aTep JUS0IJ WYSIOM 'SINSIY [BINATEUY 601-N-THT UL "ST-V 9IqeL

087000196S

869100196S

LS9100196S

00111 L'01

(s199Yys ) "uoqreD SIUESIQ [EI0L :SINSIY [BONATEUY 601-(-14T UL “$Z-V SI9EL

LOY100196S

A-50



WHC-SD-WM-ER-609 Rev. 0

o)

"Juo0)

(s199s )

¥8°61

“IJRM 1US0IRJ JYSIPM iSIASSY [ONATEUY 601-01-14T YUBL "ST-V IqEL

86'€E 01z-Lz| 90°¢e 00Z-0r| 06'¥E| % Tomo 180€000196S
65°¥E orz-se|  10°¥¢ 00z-vz|  8I'sg| % Ieddn 8471 | 1LOEO00LI6S
S0°61 091-0¢| +8°0C 091-SE|  STLI| % Jomo] 90€000L96S
88°C1 091-0¢| 86°ST OLI-0¥| 8L'SI| % ieddn L¥T1]  (SOE000L96S
86°S¢E OLI-0v| LS'SE oLI-0v| 6£9¢| % Jomo FOE000196S
18°87 OLI-0v| $9°9C oL1-0v| L60¢| % 1ddn 91|  (£0£000196S
14214 091-0p| 91°€2 081-07| 99°61| % Jomog Z0E000196S
¥$'7T 081-0v| SEWT 081-0v| €L°0Z| % 1eddn SwTl| (1060001965
1011 081-S€|  €£°01 01Z-s¢| 6911 Soym ¥:¥71|  00€000196S
86°TY 0ST-Se|  80°1¥ 0Sz-s¢| 68Ty aoym €¥CI| 16670001968
SLLY 0€T-vZ|  #9°61 00z-s¢| s8¢l sloym T¥C1|  186T000L96S
60°L1 0£T-S€| 0891 081-s¢| 8Ll 0 11610001968
88°0C 091-0¥| 98°€T 001-0¥|  16°L1 q 0610001965
L9'LE 0S1-0¥| €£'8¢ 0€1-0F| T0°LE v 6:€T1|  (681000196S
16°81 0S1-0v| 62°0T SSI-0v|  ¥SLI| % 1emo] £881000196S
9°€T 091-0v]  96°%C 0S1-0¥| LT'TZ| % 1eddp 8:€T1| (L81000196S
9°LI OLI-0v| 10°0T 091-0v|  vTS1| % Jomo] 9810001965
$61 OLI-O¥ 17761 OLI-O¥ %, 1add) LETI|  (S81000196S

A-51



WHC-SD-WM-ER-609 Rev. 0

Eli)

“Juo))

(51994 )

1]

"13JeM JUS0IN WSPM 1SINSAY [eoBATeUY 601-N-1HT JUBL "SZ-V dqEL

8¥'¥E ori-Ov| OL'VE 0E1-0F| LT¥E soym 6:8Z1| SEHO00L96S
W0'IE 091-0¥| 89°0¢ OLI-OF| SEIE| % Jomo] HFEPO00LI6S
S0°¥T 081-0v| 9T'%C OLI-Ov{ <8'€Z| % 1addn 8:8C1] (£EV000LI6S
LS Op 0st-ov| 81°6¢ OLT-Ov|  96'1F| % Jomo] LEP000196S
99°v¢ 081-0v| LT'6E 081-0¥| S0°0¢| % Iddn L'8T1|  (IE¥000L96S
1€°€E ost-ov|  LE€E 081-0v| 9T'cc| % samoq 0EH000196S
6°¥E 061-0¥| Ob'SE 00Z-0v| SPyE| % reddp 9:8711  6TYO00LIGS
W(29°LD 98°90) WLE'8D)
0°s¢ 09Z-vT|  90°v¢E 0sz-se|  L6'SE aloym $:8TI{ (8TYOOOLIGS
1L°9% 097-7Z| ss'sp 09Z-vZ|  L8'LY| % Iomo] LTY000196S
oL'81 ozz-ov| L9'LI 09z-0v| 61| % wddn vi8T1|  9THOOOLI6S
LO°¥1 00z-0v| €6'C ozz-or| 1T°SI soym €:8Z1|  (STHO00LIES
081-0¥| €£°81 seonduy,
20069°61 061-0¥| ISl 01Z-0% _ 09°5Z aloym T:8TI| - PTHOO0L96S
oLI-Ov| ¥T'LT Seoridu,
10°0€ 091-0v| SLIE 091-0v|  +0'IE Jloym 1:8Z1| (£TPO00L96S
0E1-0¥| T9°Sy speondu L,
0g'ey orl-ov|  €L°6¢€ ovi-0F| vS'Pr| % Jomo] [01€000196S
y1°S¢E 081-0F| It'vE 081-07| L8'SE| % Iaddn 60£000L96S

A-52



WHC-SD-WM-ER-609 Rev. 0

*SEONB[NO[E KIOJUOAWT pUB ‘(Ueatl) (JSY ‘U S} UL PIZIJHn 2Jom SON[BA S}
pus ‘(% 79°L7) sesoqpuared Ul uoA13 are s)nsex Jojem Jusosad 1gSiom Pa)oouIoo DY, “UONERUIIEIUOD JHH JO [0AS] MO[ ¥ pamoys o[dwes s,
*Kpuo sesodind TeuoypmLIojm J0j pajudsald a18 wEp YL
*STOLBINO[EY KIOJUSAUL JO “(Ueow) (JSY ‘Ut o) UI Pasn J0U aJom justides Sy WOL) SHnsal oY) ‘UOHBUNIEIUCO JHH 01 on(l;
Juswdinbe , Jopley wo pauiopad sisf[euy,
uomdinbo , Jomg-unpag uo pomioyiad sisA[Euy
159)0N

0820001968

8691001965

LS9100196S

LOY100196S

(5199s ¢) “Iotep U1 TIPM ISHNSIY [EONATRUY 601-N-T4T AURL 'SZ-V AIqBL

A-53



WHC-SD-WM-ER-609 Rev. 0

(s199ys §) "DSQ Aq sonafioug SIS [EOBARUY 601-N-1+T HUeL "9Z-V SIGEL

- =" L'¥01 L'TLT| 1°85v| 0°¢0l 9°61 [4

- - 9°¥6 S'¥8C| 8'9LF| 8011 (4944 1| % 1dmo] L€T1| 981000L96S
- == 6'CS- 6'1vel S'LO¥| €6l 61°¢S £
L'8L- 0°0St 8'6 0°0¥T| S'LYS| S'6vl 99°ty [4

- - L'89-| £WT| S61S| 8'Syl 98°ty 1| % 1m07] 9:€TT| ¥8I000LI6S
T [4:14% +'86 99LT| SELT| S'6El €8¢ [4

87 S'v9¢ L'991 1'SLTy €| 9°8T1 YS've 1 Jl04Mm S €TT | y2C810001968
L0v1 8°88¢C L6 L1611 TT6I| ¥OIl 98°9C [4

£9 $'8¢e €091 §'L8C| 1°10T) €It 18°81 1 S0um P:€Tl | 1810001968
L'6L1 ¥'86C 14 yLel| £00E] $901 89°TC [4
S9LL L96T 01 6'961| I'vel| S'1T1 00°0v 1| % 1Mo 0810001968
0171 6'88C |4 0'861{ 8'16| 1°SII (4% [4
€091 6’16 8°0 €10T| 1°191] 1°9T1 L0°SE 1| % 1ddn €€TT| 6L1000L96S
- - 0°€L 8'¢87| 8'LIt| 8¢yl §6°6Y [4

- == 0°6S S'€8T| 8'SSY| L'vbl S0°Sy 1 I10UM CTETT| BLIODOII6S
- -~ - | 6'SLE| €Evl 1L°8Y [4

- - ye'0L T6LT| S§'S06| 0°TEl §0°TE I oYM 1:€TI | (LL1000LI6S

A-54



WHC-SD-WM-ER-609 Rev. 0

(s193ys §) "DSA Aq sonedisug :SINSY [eINATRUY 601-N-1¥Z AUEL “9Z-V 3IqL

8°01¢- L1SE $'9t 8's€z| 1'¥E9| +€01|  10°T1 4
1'$81- 916 66t L'SET| 069 LvE| PI'TT 1| %Mo) STl (TOED00LIES
—| 8'¥29| €T01| 9961 r4
—| e6Lzs| Tozi| €0€z 1 SlYM | pivTI| 00£000L96S
L'Ly £pLz| 8'81S| 6'9E1| $9LT 4
9'¥9 vyLzl L'6TS| vETI|  SL'ET 1 Sloym|  evTE| (6620001968
9°9¢1 810¢| 8'1LZ] #S1I 012 r4
¥'6€l y10e| 6vig| 8WIT| TTET 1 slym |  z:vTI| 867000L96S
860§ 6'66C] 8'€TE| LTI LS€T 4
8709 9'L67| S'6TS| v'8TI| 611 1 o) 1610001965
- - $¥9S Le6z| v90'1| 0111 €791 4
- - 1'€29 I'v6T| LES'T| €66 69°6 I q 0610001965
| a0l SE- 8 €Iv] TI‘T| LeT1| #ET1 4
| «o00°61- €LIP| EL6T| 0TTl| 6601 1 V| 6'€Z1| (6810001965
¥'6¢ TPLT L'S09| 6'Sy1|  88'9¢ ré
9'Ly soLz| e1iL| 9evi| ovse 1| % »moq <881000.1.96S
- - $'9¢ vvLz| veLs| 9 S11|  96°0T 4
- - (A S'C8T| 0°€9L| vLYI| PL'6E 1| waeddn|  8:€ZI| (L81000196S

A-55



WHC-SD-WM-ER-609 Rev. 0

- - LLL 1'69Z| T'SL6{ T'SOI eI'ic €

- - 9'¥8 YILZ] 9°TP8| €°S01 PeET [4

- " $'98- £'89T| 9°08y| ¥'Ic] £y'ee 1 Sl04M T8I | (FTPOOOLIES
8 vy 6'95¢ §'1T- SLYT| T8 LEL 86°1C £

- | w081 SLYT| 9'SS8| V6t P61 [4

- - --- | oL81| €¢ce1 €L°0T 1 Joum 1:821| £TP000196S

- - '9¢ €9ET{ SSY'1| €L £e'S1 €

10T 1'v62 1l TreL| ovE‘r| €1zl CL61 [4

" - £l 1°012| TI0T| ¢€'ttl 6t°¢l 1| % Jomo] 6:¥Z1| 120001965

- - 6'8v SeLT| 8ell| Tl 190 [4

- - 9°ts L'€LT} 88E1| T'801 S0'81 1| % Jomo] 8¥C1| (808000196S
6901 0'€LT 6'C L6lt] €8ps| TIII 90702 [4

== - YoL L'eLT| 8'6LE| 8°LOI 0£'9 1| % 1omo] LTI (90€000L96S
L'€9- 0TIt Pee- 1'8€2| T0S‘1| ¥'OE1 SyA! [4
£'09- 0'90¢ 0°0¢- 1'9€7| €€TI| O°LIT 0SE’6 1| % Iomo] #0£000L96S
8°ILT- 6'60¢ ¥'0C- 0'8zz| €S1°1 9°66 06v°'S [4
$'861- 6'S1¢ b ic- 0'9¢z| 8€TI| ¥LOT SEL'9 1| % seddn 9:%Z1| [£0£000196S

(s139ys 6) "DSA 4q sonRsIoUT

Nsay [eonATeuY 601-01-1%Z JUBL "9Z-V SIqEL

A-56



WHC-SD-WM-ER-609 Rev. 0

8°¥bl L'POE| TYO8| 9IEL| 1I'b1 4
- 1°281 9'L6T| 96| €S1I|  ¥ELT 1 S0UM | 6:8Z1| SEPOOOLIES
8°6¢- 1°80€ L' T9tz| 90z't| oLo1} o0z8'8 € _
ST 0'9Z¢ 6V 1'82T| ovI‘lf #'SO1| Z€T'8 4
9L 8ILT| 6¥S‘1| 9'vE| 0€9°€ 1| % 1emoT)  8:8TI| FEPO0OII6S
LS 1°00¢ T8z Tyez) Tog'r] 9zzil €801 (4
8'vb- 001¢€ 1°€e- Tozz| LIUT| 8 1TI| LS'6I 1] % 1mo1|  L'8TI| ZEPOO0LI6S
L'0S- 1'80¢ L9t T8€T| 61S°T| 8'€T1| S8LI 4
T6h- 1°20€ 1's¢- T9eT| 0IT'1| sTTi| LT 1| %emo1|  9:8T1| OEX000196S
| «08°€l- 8EVT| 9¥ET| 8SYI| €Tt r4
—|  won6'8 L6eT| 9se1| svit| 18w I S0UM | $'8Z1| .8TYOOOLIES
| eop€'L6 0'9vz| 6€S°1| €E€ET|  9v9T T
o009 TV~ vvee| 66sT| €IEI}  16'LT 1| % Jomo] LTPO00LI6S
796 6'vLT| L9 S8EI|  SOTHY ré
8°09 $'89Z( L'9SS| 6'IvI| OvIT 1| waeddn|  +:8T1| 9THO00LIES
—| 1T'119| €IpI| o0£'8L r4
- - - -| 1'88L| €6€1| 80Ty 1 S0UM | €:8C1| STYOOOLI6S

(s199ys 6) "DSQ Aq sonadioug :sHNSIY [EONATEUY 601-N-1HT UL '9Z-V SIGEL

A-57



WHC-SD-WM-ER-609 Rev. 0

"3[qE[1BAR JOU BIR(](

‘31 L'¥T 3O HV
® PBY UONoBal SMUISHOPUS Sf) PR ), Zeh Sem agerodine yeod o -s|dumes STy JoJ UM PUCISS Y} O PALINI0 UORISURN) YUNOJ V,

“3/f 8°81 JO HV ® [)I4 TORILas SIIIYIOPUS W8 PUE O, €8T JO amyesedmo) yead v pey UnJ puocoss oq] “3/f £'L JO HY © Wim uoyoval
OMLSTIOPUS We Pue ), §'pip JO AImeiodna) yead v peyq uns Jsuy o], -ofdiwes Siy) J0J SUNI FIoq UO PALINOO0 UONISURI) UNOJ

usmdinba 1oy U0 pourropred sisAjeuy,

yusndinbo | JoWg-ulyag Uo pauiopad siskpuy,

SNON

v'C8 §'062 P11t 0'eve| Z001| 1°801 19°91 [4

0'9¢€T 0162 0'vl v'eve| v'el8| 8Vl ¥I°S1 1 1a €9l | (08T000LI6S

[4
1 B/U 871 | +:869100196S

(4
1 B/u ¥ | ¢2LS9100196S

6'Sl- (413" 6'0¢ 6'88C| £°889; 8'I¢l [44%4 [4
1"el- 9°S6t 8'LS 1'S8C| T1°6L9| S¥I11 8¥°ST 1 e/u €Tl | LOVI00L96S

(s199ys §) DS 4q sonadioug sINsay [eINATRUY 6O1-N1-IHT UL, "9Z-V JIGEL

A-58



WHC-SD-WM-ER-609 Rev. 0

99°] /U 99°'1| % Jomo] L8T000196S
89°] B/U 89'1| % 1ddn 9:%Z1 9870001968
wi B/U W] % mog $82000.196S
£L'1 /U gL'1| % eddn Szl ¥87000.196S
91 B/u 791 S0UM 174! £87000.1.96S
99'1 B/U 99°1 SI0UM (274! 7870001968
L6'1 /U L6'] o) 9L1000.196S
= B/U - d SL1000..96S
W'l B/Uu w1 \4 6'€C1 91Z000.L96S
¥8'1 e/u ¥8'1| % Iomoq ¥L1000196S
781 /U 81| % eddn 8:€2l S12000196S
181 B/U (81| % 1emo] €L1000196S
81 B/U 81| % aeddn L€T1 ¥12000196S
SL'Y /U SL'T| % 1m0 TLI000L96S
89'1 B/u 89°'1| % eddn 9:¢Z1 £12000196S
65°1 B/Uu 65°1 sloyM STl T17000196S
191 B/U L9°1 S[0yM $i€T1 1120001965
0’1 /U 0¢'1]| % 1omoq 0120001968
14! B/u ¥21|  woaeddp €621 607000196S
18°1 B/U 18°1 S[0YM [41x4! 807000.1.96S
L9°1 $8'1 B/U $8°1 J0yMm 1:€21 LOTO00196S

(s109ys €) Anar1D oy1oadg/ANSuUSQ NIng SNSIY [RONATRUY 601-N-1¥T AUBL “LT-V SIQEL

A-59



WHC-SD-WM-ER-609 Rev. 0

‘Juo)

SL'1

Juo)

(s1oays €) “Anarp oyroads/Aisuaq Ning sinssyY [eonATEUY 601-N-1¥Z JUBL “LZ-V SIqEL

B/u B/u SL'1 B/U 8zl L69100196S
/U /U L1 B/u 1£4! 9591001965
e/u B/u 6L'1 B/u €21 6LE100196S

L4A! /U 'l S[0UM 6821 TTHO00196S

€L°1 B/u EL1| % Jamo] 1740001965

99°1 B/u 99'1| % 1ddp 3:8¢1 070001965

L9°1 B/U 191 % Jomoq 6190001965

L9°1 B/u L9'1| % 3ddn L'821 8140001965

89°1 e/u 89'1| % 1omo] LT+000196S

L9°1 B/U L9'1| w1eddn 9:871 9T+000.L96S

99°1 /U 99'( AouM 871 STH000196S

£9°1 e/u £9°1| % om0 Y1¥000196S
yL'1 e/u yL'1| % 3eddn ¥:8T1 £17000196S

89'1 B/u 89°1 SOUM £:821 ZI¥000L96S

¥L'1 B/u yL'1 Joum (414! 114000968

89'1 B/u 89°1 AoyMm 1:821 01+000196S

1€°1 B/U 1€°7| % Jomoq £67000.1.96S

89°1 B/U 89'1| % 1addn 6'¥C1 7620001965

9L} /U 9L’ 1] % Jamo1 1620001965

08'1 /U 08'1| % Joddn 8Tl 062000196

oLl /U OL'1| % JmoT 6820001965

$9'1 /U §9°1| % ddpn LTl 887000..96S

A-60



WHC-SD-WM-ER-609 Rev. 0

Jusndoesqus sty Joj synsas Luw podas jou pip AIo1RIOQE] UL,

(s109ys €) “Ayarin oytoads/Kisusg Ning SHNSSY eONARUY 601-N-T+Z JURL "LT-V 2IqEL

A-61



WHC-SD-WM-ER-609 Rev. 0

This page intentionally left blank.

A-62



WHC-SD-WM-ER-609 Rev. 0

APPENDIX B
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CONTAMINATION CHECK FOR SINGLE-SHELL TANK 241-U-109
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B.0 ANALYTICAL RESULTS OF HYDROSTATIC HEAD FLUID
CONTAMINATION CHECK FOR TANK 241-U-109

B.1 INTRODUCTION AND ANALYTE TABLE DESCRIPTION

Appendix B reports the results of the HHF contamination check for the 1995/1996
push-mode core sampling and analysis event. Lithium and bromide were measured to detect
any contamination of the waste samples by the HHF.For a description of the sampling event
and information on sampling rationale and locations, see Section 3.0. A more detailed
description of the HHF results is presented in Section 4.1.4.

Column one lists the laboratory sample identification number for which each of the two
analytes was measured.

Column two specifies the core and segment from which each sample was derived.

Column three specifies the subsegment for which the analyte was measured. If adequate
sample was available, the waste from a given segment was split into upper and lower halves,
or divided into "quarter” segments (A, B, and C). If inadequate material was recovered to
split the segment, it was analyzed as a "whole” segment. The single liquid result is
identified as "DL".

The "Result” and "Duplicate” columns are self-explanatory. All values below the detection
level (i.e., "nondetected") are indicated by the less than symbol, <. The "Sample Mean"
column is the average of the result and duplicate values. If the result and duplicate values
were both nondetected or detected, then the mean is expressed as a nondetected or detected
value, respectively. The result and duplicate values, as well as the result/duplicate means,
are reported in the tables exactly as found in the original laboratory data package. The
means may appear to have been rounded up in some cases and rounded down in others. This
is because the analytical results given in the tables may have fewer significant figures than
originally reported, not because the means were incorrectly calculated.

Overall means, RSDs (mean), and projected inventories were not calculated for these two
analytes because they are not inherent constituents of the tank waste.

The four QC parameters assessed on the tank 241-U-109 HHF samples were standard
recoveries, spike recoveries, duplicate analyses (RPDs), and blanks. Only bromide had any
QC results outside the parameters specified in the SAP (Baldwin 1996b). Two samples had
low spike recoveries, and these are identified in the sample mean column of Table B-1 with a
superscripted "QC:c".
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S96T000229 123:1 Whole < 1,180 [<1290 |[< 1,240
S96T000230 123:2 Whole < 1,050 |<1,150 [< 1,100
S96T000231 123:3 Upper % | < 980 < 1,000 |< 990
S96T000232 Lower % |< 1,020 |< 1,020 |< 1,020
S96T000233 123:4 Whole < 1,490 |< 1,560 |< 1,530
S96T000234 123:5 Whole < 1,480 |< 1,480 |< 1,480
S96T000235 123:6 Upper % | < 2,920 |<2,780 |< 2,850
S96T000236 Lower % | <2270 |<2,190 |< 2,230
S96T000237 1237 Upper % | < 1,300 | < 1,290 | < 1,300
S96T000238 Lower %5 | < 1,390 |< 1,420 |< 1,410
S96T000239 123:8 Upper % | < 1,030 |< 1,010 |< 1,020
S96T000240 Lower % | < 1,040 |< 984 < 1,010
S96T000241 123:9 A < 494 < 499 < 497
S96T000242 B < 142 < 139 < 141
S96T000243 C < 244 < 258 < 251
S96T000357 124:2 Whole < 2,750 |<2,690 |< 2,720
S96T000358 124:3 Whole 6,110 6,570 6,340%
S96T000359 124:4 Whole <2230 [<2370 |< 2,300
S96T000360 124:5 Upper % | < 1,310 |< 1,200 |< 1,260
S96T000361 Lower % | < 922 < 990 < 956
S96T000362 124:6 Upper % | < 485 < 491 < 488
S96T000363 Lower %4 | < 510 < 482 < 496
S96T000364 124:7 Upper %5 | < 1,150 | < 1,280 |< 1,220
S96T000365 Lower % | < 2,840 |< 1,330 | < 2,090
S96T000366 124:8 Upper % | < 956 < 946 < 951
S96T000367 Lower % | < 1,120 |< 1,130 | < 1,130
S96T000368 124:9 Upper % | < 1,120 | < 1,120 | < 1,120
S96T000369 Lower % | < 1,000 |< 1,240 |< 1,170
S96T000511 128:1 Whole < 1,00 |< 984 < 1,010
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Table B-1. Tank 241-U-109 Analytical

S96T000512 128:2 Whole < 978 < 1,020 |< 999
S96T000513 128:3 Whole < 1,460 [< 1,520 |< 1,490
S96T000514 128:4 Uppers | < 1,480 [< 1,550 |< 1,520
S96T000515 Lower % | < 474 < 482 < 478
S96T000516 128:5 Whole 1,230 1,330 1,280
S96T000517 128:6 Upper % | < 461 < 460 < 461
S96T000518 Lower % | < 489 < 454 < 472
S96T000519 128:7 Upper % | < 551 < 513 < 532
S96T000520 Lower % | < 485 < 443 < 464
S96T000521 128:8 Upper % | < 966 < 923 < 945
S96T000522 Lower % | < 501 < 508 < 505
S96T000523 128:9 Whole < 262 < 280 < 271
S96T001412

S96T001659 124 n/a

S96T001700
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S96T000256 | 123:1 Whole < 254 < 213 < 234
S96T000259 | 123:2 Whole < 251 < 238 < 245
S96T000260 | 123:3 Upper % | < 190 < 198 < 194
S96T000261 Lower % | < 201 < 207 < 204
S96T000262 | 123:4 Whole < 214 < 228 < 221
S96T000263 | 123:5 Whole < 199 <177 < 188
S96T000264 | 123:6 Upper % | < 226 < 231 < 229
S96T000265 Lower %2 | < 188 < 181 < 185
S96T000266 | 123:7 Upper % | < 186 < 181 < 184
S96T000267 Lower % | < 234 < 218 < 226
S96T000268 | 123:8 Upper % | < 191 < 187 < 189
S96T000269 Lower % | < 181 < 187 < 184
S96T000270 | 123:9 A < 239 < 210 < 225
S96T000271 B < 178 < 194 < 186
S96T000272 C < 179 < 181 < 180
S96T000344 | 124:2 Whole < 216 < 214 < 215
S96T000345 | 124:3 Whole < 205 < 215 < 210
S96T000346 | 124:4 Whole < 221 < 210 < 216
S96T000347 | 124:5 Upper %% | < 241 < 250 < 246
S96T000348 Lower % | < 210 < 208 < 209
S96T000349 | 124:6 Upper %5 | < 195 < 182 < 189
S96T000350 Lower % | < 183 < 186 < 185
S96T000351 | 124:7 Upper %6 | < 248 < 224 < 236
S96T000352 Lower % | < 223 < 204 < 214
S96T000353 | 124:8 Upper % | < 200 < 189 < 195
S96T000354 Lower % | < 197 < 175 < 186
S96TO00355 | 124:9 Upper % | < 201 < 195 < 198
S96T000356 Lower ¥ | < 207 < 216 < 212
S96T000498 | 128:1 Whole < 207 < 214 < 211
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S96T000499 | 128:2 Whole < 194 < 207 < 201
S96T000500 | 128:3 Whole < 230 < 231 < 231
S96T000501 | 128:4 Upper % | < 216 < 230 < 223
S96T000502 Lower %4 | < 214 < 205 < 210
S96T000503 | 128:5 Whole < 206 < 196 < 201
S96T000504 | 128:6 Upper % | < 218 < 197 < 208
S96T000505 Lower % | < 223 < 221 <222
S96T000506 | 128:7 Upper % | < 220 < 221 < 221
S96T000507 Lower % | < 188 < 215 < 202
S96TO00508 | 128:8 Upper % | < 208 < 205 < 207
S96T000509 Lower %4 | < 227 < 238 < 233
S96T000510

S96T001411 | 123 n/a < 203 < 197 < 200
S96T001658 | 124 n/a < 194 < 195 < 195
S96T001699 | 128 n/a < 182 < 194 < 188

S96T000280 124:3 DL < 4.010 < 4.01 < 4.01
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APPENDIX C

ANALYTICAL RESULTS FROM HISTORICAL SAMPLING EVENTS
FOR SINGLE-SHELL TANK 241-U-109
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C.0 ANALYTICAL RESULTS FROM HISTORICAL SAMPLING EVENTS
OF SINGLE-SHELL TANK 21-U-109

C.1 INTRODUCTION

Appendix C presents analytical results from the 1975 historical sampling event for

tank 241-U-109. A description of this event was provided in Section 3.4. As explained in
that section, because of the active process history of the tank, these results are not
representative of the current tank contents. Thus, these data are presented for information
only. Because of the lack of proper QA/QC procedures, the data presented in these tables

- may not be reliable and should be used with caution. Further detail regarding this sampling
event can be found in the source document (Horton 1975a).
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Table C-1

Density

1.24

1975 Supernatant Sample from Tank 241-U-109.'2

g/mL

‘Water content

63.3

Weight percent

137Cs

75.42

Na,CO, 0.243 2.1
NaNo, 0.628 3.5
NaNO, 3.08 21.1
NaOH 1.31 2.5
NaAlO, 0.342 2.3
Na,PO, 0.0476 0.6
si 0.0111 2.5
Fe 8.24E-04 <1.0
Mg 4.13E-04 <1.0
Mn 8.55E-04 0.3
Pu 5.86E-05 n/a

uCi/lL

39/90S r

3,150

uCi/L

Note:
'Horton (1975a)

2Because of the lack of proper QA/QC proced the data p
reliable and should be used with caution.

d in these tables may not be
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Table C-2

Bulk density

1975 Sludge Sample from Tank 241-U-109.'2

g/mL

Particle density

lJ’Ics

3255

H,0 36.7 Weight percent
AL, 17.4 Weight percent
FeOOH 10 Weight percent
Na,CO; 2.4 Weight percent
NaNQO, 0.8 Weight percent
NaNO, 4 Weight percent
NaOH Weight percent
SiO, 0.7 Weight percent
Na;PO, 219 Weight percent
Mg 0.03 Weight percent
Mn 0.1 Weight percent
Pu 63.3 uglg

uCilg

89/908 r

128.6

uCi/g

Note:
'Horton (1975a)

“Because of the lack of proper QA/QC procedures, the data presented in these tables may not be
reliable and should be used with caution.
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