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1.0 INTRODUCTION

Sixty-seven of the 149 single-shell tanks (SST) containing high-level radioactive waste in
the 200 Areas of the Hanford Site are listed as being known or suspected of having leaked during
their operational lifetime (Hanlon 2000). The tank farm vadose zone (TEVZ) characterization
team is reassessing the tank leak information for the tank farms currently being assessed for
compliance with the Resource Conservation and Recovery Act of 1976 (RCRA). (This
assessment currently includes S, SX, B, BX, BY, T, TX, and TY tank farms.) This document
focuses on results of this effort for the two tank farms in the S/SX Waste Management Area
(WMA) in the 200 West Area.

The information for SSTs known to have leaked or suspected of having leaked is
tabulated in Appendix H of the monthly Waste Tank Summary Report, commonly referred to as
the Hanlon Report (Hanlon 2000). The leak information tabulated in the Hanlon Report consists
of data compiled from many sources. In some cases, the leak information for a specific tank
comes from a well-documented source; in others, the leak information has little, if any, technical
documentation to support listing the tank as having leaked. Unfortunately, many of the cited
references are secondary sources such as safety analysis reports, letter reports, and summary-type
documents with little or no traceability back to the primary data sources. This reassessment of
SST leak information was required to better define the composition and quantities of materials
lost to the vadose zone because such data will be required for risk-assessment calculations.

The goal of this task was to develop inventory estimates for chemicals and radionuclides
lost to the vadose zone in the S/SX WMA by integrating results from recent field investigations
and modeling results with historical tank farm records. The approach used is shown
schematically in Figure 1. The baseline spectral gamma-ray logging data reports provided the
best prospective of the “nature and extent” of gamma-emitting radionuclide contamination in the
S and SX tank farms, compiled to date (DOE-GJPO 1996, DOE-GJPO 1998). The historical
tank waste transfer records compiled in the Waste Status and Transaction Summary (WSTRS),
Rev. 4 (Agnew et al. 1997), providc a means for tracking discrepancies in waste levels in any
tank at any point in time. The Hanford Defined Waste (HDW) model (Agnew 1997) is a tool for
estimating tank waste compositions as a function of time. The reference list included in
Appendix H of the Hanlon Report (Hanlon 2000) is a starting point for uncovering historical
SST leak documentation.

Detailed discussions of the S and SX tank farms construction, operations, and tank leak
histories are presented in a number of recent documents (Brevick et al. 1996; Brevick. 1994;
(DOE-GJPO 1996; DOE-GIJPO 1998; DOE 1997; Johnson and Chou 1998, 1999; Jones et al.
1998; Johnson et al. 1999). These documents also discuss intentional waste discharges near the
farms. In addition to tank farms operational history, the cited references include discussions of
the pertinent geology, hydrology, geochemistry, and the groundwater monitoring system. An
assessment of the historical gross gamma-ray logging data collected as part of the leak detection
systems also is available (Myers 1999). A statistical analysis of gamma-ray logging data has
provided an estimate of '*’Cs inventories in the soil around each tank in the SX farm (Goodman
2000).
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Figure 1. Historical Tank Leak Inventory Assessment Approach.
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Working Definition of “Tank Leaks.” From one perspective, all losses of tank waste to
the vadose zone inside a farm can be classified as “tank leaks.” However, from a vadose zone
characterization perspective, distinguishing transfer line leaks and tank overfills from cases
where the waste originated from a steel-liner-concrete-shell system failure is useful. In many
cases, the gamma logging data provide considerable insight into the origins of tank waste in the
vadose zone. Waste plumes originating within 20 ft of the surface can reasonably be attributed
to losses from waste transfer pipes or from tank overfill events. Waste plumes originating from
the failure of the steel-liner-concrete-shell system would likely be found near or below the base
of the tank. Plumes originating from leaks near the base of the tank are expected to exhibit '*’Cs
gamma-ray activity levels greater than 1,000 pCi/g in bands several feet thick, When limited
activity is reported near the base of the tank, the data are more difficult to interpret. Such
activity could be exhibited by the edge of a tank leak plume or could have other origins.
Nevertheless, without other drivers, such lower activity measurements would not trigger
additional investigation. This assessment ignored '*’Cs gamma-ray activity of less than
50 pCi/g.

The decision to ignore ’Cs activity at levels less than 50 pCi/g is based on the focus of
the tank farm vadose zone characterization efforts. In any radionuclide inventory estimate, the
low-level values are not significant when compared with the well-defined tank leak plumes. In
addition, any field characterization activity will necessarily focus on the areas of highest
contamination.

In developing the inventory estimates reported here, the TFVZ team strongly resisted using
“maximum possible” and “most conservative” tank leak volumes frequently quoted in
documents such as Hanlon (2000) and Agnew (1998). Rather, the team attempted to develop the
most “reasonable” leak volumes and inventories using the preponderance of evidence from the
available technical data. However, the approach used to develop inventory estimates is
presented along with the results so that data revisions would be reasonably straightforward
should different leak volumes be determined.
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2.0 RESULTS

2.1 TIME OF LEAKS AND REPORTED LEAK VOLUMES

The time of the leak is critical in developing a tank waste composition using the HDW
model and the leak volume is critical in estimating the inventory of lost material. The rationale
for leak times used in this assessment and reported leak volumes are discussed by tank in
Sections 2.1.1 through 2.1.11.

2.1.1 Tank 241-S-104

This tank has a 758,000-gal capacity. However, in the second quarter of 1965, this tank
was filled to 807,000 gal, or about 18 in. above the cascade overflow line (Agnew et al. 1997 and
Brevick et al. 1994). In addition to the long-abandoned waste transfer cascade lines, the tank
contained six plugged spare inlet ports. Because the spare inlet ports were poorly sealed, when
they were covered with liquid waste, the spare inlet ports become a likely pathway for waste
losses from the tank. Beginning in the first quarter of 1966, the waste level began to drop. By
the fourth quarter of 1970, the total waste volume had dropped to 783,000 gal, still above the
cascade overflow line. The tank level measurements indicate that 24,000 gal of waste were lost
from this tank. While it is possible the waste overfill in tank 241-S-104 could have resulted in
waste cascading to tanks 241-5-105 and -S-106, the waste transfer records for tanks 241-S-105
and -5-106 do not support that hypothesis. Although some water could have been lost through
evaporation, most of waste in this tank had been there since 1955. Thus, it is likely that
24,000 gal of tank waste was lost from tank 241-S-104 to the soil column from 1966 through
1970. The inventory associated with the 24,000-gal loss is included in this report.

Tank 241-5-104 was overfilled during the time it was thought to have leaked. Thus, the
waste loss could have resulted from waste leaking from one of the six spare inlet ports rather
than from a failure of the steel shell liner and concrete shell components of the tank system. In
fact, the only drywell showing high levels of *’Cs contamination at tank-base levels is near a set
of the spare inlet ports (DOE-GJPO 1998). Recent gamma-ray measurements taken in the soil
column between the contaminated drywell and tank 241-5-104 found a band of gamma-ray
activity at about the mid-tank level, thus, supporting the hypothesis that the soil contamination
may have originated from the spare inlet ports.

2.1.2 Tank 241-SX-104

Hanlon (2000) lists tank SX-104 as a “known or suspected” leaker with a leak volume of

6,000 gal and a leak date of 1988. According to a referenced footnote, this leak volume is
“based on measured decreases in tank liquid levels, the most reliable method for determining
leak volumes” (Hanlon 2000). However, according to the cited reference (Dunford 1988), the
leak volume estimate was a “worst case” estimate based on interstitial liquid level measurements.
The interstitial liquid level decreased by 4 to 6 in. over three years. Dunford (1988) also
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considers that decreases in the interstitial liquid levels could have resulted from evaporation
because the tank was connected to the 241-SX-sludge cooler. However, the ventilation system
for the first six tanks in the SX farm is routed through tank SX-109 and then to the sludge cooler.
This makes quantifying liquid losses through evaporation for any specific tank in the sertes
impossible. The 6,000-gal volume is a “worst case” leak assuming no evaporation from this
high-heat tank over 3 years. In fact, two members of the five-person peer review team noted that
the available information indicated that the tank was “sound” (Zimmer 1988). The other three
members could not be 95-percent confident that the tank had not leaked. Following procedure,
the team listed the tank as an “assumed leaker.” Interestingly, a similar apparent loss in
interstitial liquids in tank 241-5X-102 in 1993 led to an extensive investigation that concluded
the tank had not leaked (Alumkal 1993).

Based on the details of the engineering report (Dunford 1988) and the fact that none of
the drywells around this tank show elevated levels of gamma-ray activity, the characterization
team assumed that there is not sufficient evidence to list this tank as a suspected leaker.

2.1.3 Tank 241-SX-107

Hanlon (2000) lists a suspected leak date of 1964. Based on waste transfer records, the
waste composition remained relatively constant over the period of 1964 through 1967. However,
notes tn the waste transfer records (Agnew et al. 1997, Anderson 1990) indicate the leak began in
1967. The tank waste composition cstimate for tank 241-SX-107 used an average of the
projected tank compositions over an assumed leak time of 1964 through 1966. Hanlon (2000)
lists a leak volume of less than 5,000 gal for this tank.

2.1.4 Tank 241-SX-108

The first leak was noted in 1964, but the tank was believed to have self-sealed (Raymond
and Shdo 1966, WHC 1992a). The major leak from this tank was believed to have begun in
1966. Extensive historical documentation is available for the tank leak (WHC {992a). The tank
waste composition estimate for tank 241-SX-108 used an average of the projected tank
compositions over an assumed leak time of 1965 through 1966. Hanlon (2000) lists a leak
volume of 2.4 to 35 kgal. Agnew and Corbin (1998) suggest a leak volume of up to 200 kgal.

2.1.5 Tank 241-SX-109

In January 19635, radiation was detected in two laterals under Tank 241-SX-109. The
tank was thought to have self-sealed. Liquids were not removed from the tank until 1973
(WHC 1992b). Extensive historical documentation is available for the tank leak (WHC 1992b).
The tank waste composition estimate for tank 241-SX-109 used an average of the projected tank
compositions over an assumed leak time of 1964 through 1967. Hanlon (2000) suggests a leak
volume of less than 10 kgal, but Agnew and Corbin (1998} list an upper band as 111 kgal.
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2.1.6 Tank 241-SX-110

Hanlon (2000) lists a leak date of 1976. The waste transfer records indicate this tank was
used to store REDOX boiling waste until 1971 when the tank began receiving REDOX ion
exchange waste from B Plant. Neither the waste transfer records nor do spectral gamma logging
data (DOE-GJPO 1996) indicate a tank leak. No inventory estimate was calculated for this tank.

2.1.7 Tank 241-SX-111

A leak date of 1974 was determined from gamma-ray activity measured in the laterals
(Harlow 1974). A leak volume of 500 gal was estimated. The waste transfer records indicate
this tank was used to store boiling waste from the reduction-oxidation (REDOX) process until
1971. At that point the tank began receiving evaporator bottoms and REDOX ion exchange
waste from B Plant. The waste transfer records do not indicate a tank leak (Agnew et al. 1997).
One drywell has significant contamination in the zone from 60 to 90 ft. However, the
contamination could be related to the leak from tank 241-SX-108 (Goodman 2000). No
inventory estimate was calculated for this tank.

2.1.8 Tank 241-SX-112

Hanlon (2000} lists a leak date of 1969 and a leak volume of 30,000 gallons for this tank.
This leak volume cannot be traced back to a primary reference explaining the origins of the
volume estimate. Also, the lack of gamma-ray activity in the drywells and laterals fails to
support the leak volume estimate. No inventory estimate was calculated for this tank.

2.1.9 Tank 241-SX-113

This leak volume was measured during a 1962 tank leak test (Hanson et al.1962). The
inventory estimate was developed using the 15,000-gal leak volume.

2.1.10 Tank 241-SX-114

Although this tank is listed as having leaked, no leak volume is given (Hanlon 2000).
The waste transfer records indicate that a leak was noted in 1972 when the tank was filled with
evaporator bottoms and B Plant isotope recovery waste. The less than 1 pCi/g **Co found in one
drywell (beginning at a depth of 35 ft) supports this leak date. No inventory estimate was
calculated for this tank.

2.1.11 Tank 241-SX-115

This tank leaked 50,000 gal in 1965 (Raymond and Shdo 1966, WHC 1992¢). Extensive
historical documentation is available for the tank leak (WHC 1992¢). The inventory estimate
was developed using the 50,000 gallon leak volume.
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2.2 COMPOSITION OF TANK WASTE AT THE TIME OF LEAK

The TFVZ team efforts to estimate tank compositions at the time of suspected leaks have
benefited from the previous modeling efforts to determine current waste inventories for the 177
high-level waste tanks at the Hanford Site (Kupfer et al. 1998). Attempts to estimate tank
compositions based on waste process flow sheets and waste transfer records began in the 1970°s
(Jungfleisch 1984) with the development of the track radioactive components (TRAC) model. In
the 1990’s, Agnew and coworkers (Agnew et al. 1997) continued this effort by developing the
HDW. The HDW model predicts waste concentrations for 26 chemical components and
46 radionuclides in each of the 177 Hanford Site waste tanks as of January 1, 1994, To make
this prediction the HDW model merges data from a number of supporting databases and
computer models:

+ Data on waste receipts from Hanford Site processing plants to tanks and transfers
between tanks are summarized in WSTRS, Rev. 4 (Agnew et al. 1997)

e Chemical compositions of processing-plant waste streams are compiled from process
flowsheets and other historical operating data

« Radionuclide compositions of processing-plant waste streams were derived from a
combination of ORIGEN2 and DKPRO computer codes (Watrous and Wooten 1997)

» Solubility factors for chemicals and radionuclides in alkaline waste systems are based
on measurements of actual waste types plus bounding estimates.

Agnew and Corbin (1998) demonstrated that the HDW model could be used to predict tank
compositions as a function of time in their efforts to develop a leak model for Hanford Site high-
heat tanks.

Following the approach outlined by Agnew and Corbin (1998), the HDW model was
used to predict tank waste compositions during the time period the tank most likely leaked. The
predicted waste compositions for tanks 241-S-104 and 241-SX-107 through -SX-115 are listed in
Table 1. This table contains all of the information reported by the supernatant mixing model
(SMM) medule of the HDW model. The SMM waste fraction includes supernatant liquids and
salt cake components (Agnew 1997).

2.3 AVERAGE REDOX HIGH-LEVEL (BOILING) WASTE COMPOSITION

Based on a review of historical records and the data shown in Table 1, three types of tank
waste may have been lost in the SX tank farm. In the mid-1960, at least three of tanks
(241-SX-107, -SX-108, and -SX-109) containing REDOX “boiling waste” leaked. At least two
of the SX tanks (241-SX-113 and -SX-115) leaked after condensate was added to a “REDOX
boiling waste” heel (Hanson et al. 1962, Raymond and Shdo 1966). Based on spectral gamma-
ray logging data, one tank (241-SX-114) leaked after receiving waste from a source other than
the REDOX Plant (DOE-GJPO 1996). The geostatistical analysis of the gamma-ray logging data
from the SX tank farm predicts a major plume under each of the tanks 241-SX-107, -108, and
-109. The largest plume (under SX-108) extends to tanks 241-SX-109 and -SX-112.
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An “average REDOX boiling waste” composition was calculated by averaging tank
waste composition estimates from tanks 241-SX-107, -SX-108, and -SX-109. Table 2 shows the
results of this calculation along with the standard deviation and relative standard deviation. The
estimated loss per thousand gallons (kgal) (in units of kilogram/kgal and Ci/kgal) are also shown
in Table 2. [note: The mixed metric/English units arise because tank leak volumes historically
have been, and currently are, listed in kgal (Hanlon 2000) and the desired units for the leak
inventories are kilograms (kg) and curies (Ci).]
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24  LEAK VOLUME ESTIMATES USING KRIGING RESULTS

The leak volumes reported for tanks 241-5S-104, -SX-113, and -SX-115 are well
documented (Brevick 1994, Hanson 1962, Raymond and Shdo 1966). However, the leak
volumes for a number of SX boiling waste tanks are less certain (Agnew and Corbin1998 and
Jones 1999). Our approach for estimating leak volumes has been to divide the estimated '*’Cs
(in kCi) inventory in the soil around a tank (Goodman 2000) by the '*'Cs the activity estimate (in
kCi/kgal) for REDOX boiling waste (Table 2). The '*’Cs inventory estimates for each SX tank
developed from geostatistical analysis of gamma-ray logging data are summarized in Table 3.
The estimates include average values and the upper 95 percent estimates decayed to January 1,
2000. Becausc all other radiochemistry data are decayed to January 1, 1994, we had to adjust the
January I, 2000, data back to January 1, 1994 values for consistency. The tank leak volume
estimales listed in Table 3 were calculated using the “Upper 95%" data decayed to January 1,
1994, The “Upper 95%" data were assumed to at least roughly approximate a value that would
be equal to or greater than the “true” leak volume 19 times out of 20.

2.5 ESTIMATED INVENTORY LOSS TO THE VADOSE ZONE

The tank waste inventory estimates for losses from the failed REDOX boiling waste
tanks (24 1-8X-107, -SX-108, and -SX-109) were calculated by multiplying the Upper 95% leak
volume in thousands of gallons (kgal) (Table 3) by the average REDOX tank waste composition
in kilograms per thousand gallons or curies per thousand gallons (Table 2). The inventory
estimates for losses are listed in Table 4, along with the inventory estimates for waste lost from
tanks 241-S-104, -SX-113, and -SX-115. For tanks 241-5-104, -SX-113, and -SX-115, in each
case, the reported leak volume was multiplied by the projected waste composition (Table 1).

The calculations for these three tanks are outlined in Tables 5 through 7. All radionuclides listed
in Table 4 are decayed to a common date of January 1, 1994.

2.6 SPECIATION CALCULATIONS

As noted m Section 2.5, the waste compositions that the SMM module of the HDW
model predicted to be in the high-level waste tanks are a combination of liquid and saltcake. If
the liquid phase is assumed to be the primary fraction lost during a tank leak event, a better
understanding of the chemical species present may facilitate a better understanding of the leak
inventories. For a number of reasons, some caution is required in interpreting chemical
speciation modeling results for systems as complicated as the tank waste supernatant liquids.
Realistically, the results should be used to identify trends in the waste chemistry, not treated as
quantitative values.

Speciation calculations were conducted using the tank waste compositions projected by
the HDW model at the times of the leaks (see Table 4) for tanks 241-5-104, -SX-108, and
-5X-115. These calculations were completed using the Environmental Simulation Program
computer code. The output of the program includes the projected speciation of chemicals in both
solution phase, including both ions and ion pairs, and solid phase.
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Table 4a. Estimated Inventory Lost to Vadose Zone in S/SX Tank Farms (Leak Volume).

(2 sheets)
Estimated | Estimated | Estimated | Estimated | Estimated]| Estimated
S-104 SX-107 SX-108 SX-109 SX-113 SX-115
Inventory | Inventory | Inventory | Inventory |Inventory| Inventory
Loss (kg) | Loss(kg) | Loss (kg) | Loss(kg) |Loss (kg)}{ Loss (kg)
b‘jﬁk 24 kgal [6.35kgal® | 15.2 kgal® [0.980 kgal®| 15 kgal® | 50 kgal®

Na' 1.82 E+04 | 9.90 E+03 | 2.37 E+04 | 1.54 E+03 |1.05 E+04| 1.57 E+04
Al 383 E+03| 200 E+03 | 478 E+03 | 3.11 E+02 |1.95 E+03| 4.24 E+03
Fe {total) 1.81 E+01 | 8.87 E+00 | 2.12 E+01 | 1.38 E+00 {9.47 E+00| 2.25 E+01
Cr't 7.81 E+02| 471 E+02 | 1.13 E+03 | 7.33 E401 [5.08 E+02| 5.03 E+02
Bi'* 1.71 E-04 | 0.00 E+00 | 0.00 E+00 | 0.00 E+00 |0.00 E+00| 2.63 E-03
La™ 2.79 E-10 | 0.00 E+00 ; 0.00 E+00 | 0.00 E+00 [0.00 E+00| 4.31 E-09
ng* 6.49E-02 | 1.90E-04 | 454 E-04 | 2.95E-05 |0.00 E+00| 2.40 E-01
ZrO{OH), 1.15 E-05 | 0.00 E+00 | 0.00 E+00 | 0.00 E+00 [0.00 E+00| 1.77 E-04
Pb" 1.07 E+01 | 3.13 E-02 | 748 E-02 | 4.87 E-03 |0.00 E+00| 3.96 E+01
Ni™ 1.66 E+01 | 8.36 E+00 | 2.00 E+01 | 1.30 E+00 |8.94 E+00; 1.93 E+01
Sr** 0.00 E+00 | 0.00 E+00 | 0.00 E+00 | 0.00 E+00 |0.00 E+00| 0.00 E+00
Mn'* 3.27 E-04 | 0.00 E+00 | 0.00 E+00 | 0.00 E+00 |0.00 E+00| 5.04 E-03
Cu™ 5.82 E+01 | 2.85E+01 | 6.82 E+01 | 4.44 E+00 |3.05 E+01| 7.22 E+0i
K* 1.09 E+02 | 6.33 E+01 | 1.52 E+02 | 9.86 E+00 [6.92 E+01| 8.21 E+01
oty 119 E+02 | 4.58 E4+01 | 1.10 E4+02 | 7.14 E+00 |5.74 E+01| 1.61 E+02
otlpy 239E-02 ] 1.17E-02 | 2.80E-02 | 1.82 E-03 |1.25E-02| 2.97 E-02
TOC wt.% C 1.28 E+02 | 0.00 E+00 | 0.00 E+00 | 0.00 E+00 {0.00 E+00| 0.00 E+00
free OH" 0.00 E+00 | 0.00 E+00 | 0.00 E+00 | 0.00 E+00 |0.00 E+00| 0.00 E+00
OH 1.40 E+04 | 7.66 E+03 | 1.83 E+04 | 1.19 E+03 |7.72 E4+03| 1.35 E+04
NO; 1.70 E+04 | 7.40 E+03 | 1.77 E+04 | 1.15 E+03 |9.96 E+03| 3.87 E+03
NO> 6.87 E+03 | 4.49 E+03 | 1.07 E+04 | 6.99 E+02 |3.50 E+03| 9.23 E+03
COy” 8. 73 E+01 | 4.28 E+01 | 1.02 E+02 | 6.66 E+00 (4.57 E+01| 8.35 E+01
PO, 5.02 E-03 | 0.00 E+00 | 0.00 E+00 | 0.00 E+00 |0.00 E+00] 4.89 E-02
SO~ 281 E+02 | 1.95E+02 | 4.68 E+02 | 3.04 E+01 {1.58 E+02| 3.46 E+02
Si (as Si04%) 1.94 E+02 | 1.57 E+02 | 3.76 E+02 | 2.45 E+01 [9.66 E+01| 2.33 E+02
F 8.00 E-04 | 0.00 E+00 | 0.00 E+00 | 0.00 E+00 |0.00 E+00| 4.94 E-02
Cr 4.57TE+02 | 265 E+02 | 6.33 E+02 | 4.12 E+01 |2.89 E+02| 1.83 E+02
CoHsO7" 8.22 E-03 | 0.00 E+00 | 0.00 E+00 | 0.00 E+00 (0.00 E+00| 1.27 E-01
|[EDTA* 1.69 E-06 | 0.00 E+00 | 0.00 E+00 { 0.00 E+00 |0.00 E+00| 7.32 E-03
HEDTA" 1.41 E-06 | 0.00 E+00 | 0.00 E+00 { 0.00 E+00 |0.00 E+00| 5.75 E-03
glycolate 6.14 E-05 | 0.00 E+00 | 0.00 E+00 | 0.00 E+00 {0.00 E+00| 7.10 E-02
acetate’ 6.37 E-06 | 0.00 E+00 1 0.00 E+00 | 0.00 E+00 |0.00 E+00| 5.80 E-03
oxalate™ 2.63 E-12 | 0.00 E+00 | 0.00 E+00 | 0.00 E+00 [0.00 E+00| 3.58 E-09
DBP 3.86 E-05 | 0.00 E+00 | 0.00 E+00 | 0.00 E+00 [0.00 E+00| 9.58 E-02
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Table 4a. Estimated Inventory Lost to Vadose Zone in S/SX Tank Farms (Leak Volume).

(2 sheets)

Estimated | Estimated | Estimated | Estimated | Estimated| Estimated

S-104 SX-107 SX-108 SX-109 | SX-113 SX-115
Inventory | Inventory | Inventory | Inventory |Inventory| Inventory

Loss (kg) | Loss(kg) | Loss (kg) | Loss (kg) jLoss (kg)| Loss(kg)

I\;‘:')"I‘k 2 kgal® [6.35kgal’ | 15.2 kgal® |0.989 kegal”| 15 kgal® | 50 kgal®
Butanol 3.86 E-05 | 0.00 E+00 | 0.00 E+00 | 0.00 E+00 |0.00 E+00{ 4.40 E-02
NH; 1.87 E+00 | 3.96 E+01 | 9.48 E+01 | 6.17 E+00 [2.06 E+01} 4.21 E+01
Fe(CN)s 0.00 E+00 | 0.00 E+00 | 0.00 E+00 | 0.00 E+00Q [0.00 E+00} 0.00 E+00

‘Leak volumes from Hanlon (2000).
*Leak volumes estimated from MSU Kriging Analysis of Gamma Logging Data.

Table 4b. Estimated Inventory Lost to Vadose Zone in 8/8X Tank Farms (Radionuclides).

(2 sheets)
Estimated | Estimated | Estimated Estimated Estimated | Estimated
S-104 SX-107 SX-108 SX-109 SX-113 SX-115
Radionuclides | Inventory | Inventory | Inventory Inventory Inventory | Inventory
Loss Loss Loss Loss Loss Loss
(Ci) (Ci) (Ci) (Ci) (Ci) (Ci)

‘H 7.12 E+00 | 1.34 E+01 | 3.20 E+01 | 2.08 E+00 | 4.61 E+00 | 1.43 E+0l
e 5.53E-01 | 637E-01 | 1.52E+00 | 992E-02 | 3.57E-0l | 6.95E-0l
S9N 6.99 E-02 | 746 E-02 | 1.79 E-01 1.I6E-02 | 446E-02 | 8.38 E-02
O3Ni 6.53 E+00 | 7.28 E+00 | 1.74 E+01 | 1.13E+00 | 4.17 E+00 | 8.20 E+00
“Co 221E01 | 6.11 E-0l | 146 E+00 | 952E-02 | 1.41E-01 | 674 E-Ol
Se 1.17E-01 | 1.22 E-01 | 292 E-01 | 1.90E-02 | 7.58 E-02 | 1.33 E-Ol
S 452 E+03 | 2.69 E+03 | 6.44 E+03 | 4.19 E+02 | 2.88 E+03 | 3.38 E+03
Oy 453 E+03 | 2.69 E+03 | 644 E+03 | 4.19E+02 | 2.88 E+03 | 3.38 E+03
B7r 5.54E-01 | 6.01 E-Ol | 1.44 E+00 | 9.36 E-02 | 3.58 E-0!l | 6.56 E-0l
PN b 453E-01 | 437E-01 | L.OSE+00 | 6.80E-02 | 2.93E-01 | 4.77 E-0l
“Tc 3.87 E+00 | 5.03 E+00 | 1.21 E+01 | 7.84E-01 | 2.50 E+00 | 5.52 E+00
%Ru 1.66 E-06 | 1.51 E-04 | 3.62 E-04 | 236E-05 | 3.94E-07 | 1.68 E-04
tBmeg 1.71 E+00 | 2.71 E+00 | 6.50 E+00 | 423 E-01 | 1.10 E+00 | 2.98 E+00
'258b 3.35E-01 | 223 E+00 | 534 E+00 | 3.48 E-01 | 2.07E-01 | 2.48 E+00
126Gn 1.80 E-01 | 1.84 E-01 | 4.40E-01 | 2.86 E-02 1.16 E-01 | 2.00 E-Ol
129 744 E-03 | 953 E-03 | 228 E-02 | 148 E-03 | 4.80E-03 | 1.04 E-02
3y 6.32E-03 | 1.33E-01 | 3.19E-01 | 2.08E-02 | 3.56E-03 | 1.48 E-0l
s 1.14 E+04 | 1.7V E+04 | 4.10 E+04 | 2.67 E+03 | 7.34 E+03 | 1.88 E+04
Himg 1.08 E+04 | 1.62 E+04 | 3.87 G+04 | 2.52 E+03 | 6.94 E+03 | 1.78 E+04
SlSm 419 E+02 | 428 E+02 | 1.03 E+03 | 6.67 E+01 | 2.71 E+02 | 4.68 E+02
52gy 414 E-02 | 1.08E-01 | 259E-01 | 1.69E-02 | 265E-02 | 1.18 E-0l
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Table 4b. Estimated Inventory Lost to Vadose Zone in S$/SX Tank Farms (Radionuclides).

(2 sheets)
Estimated | Estimated | Estimated Estimated Estimated Estimated
S-104 SX-107 S$X-108 SX-109 $X-113 §X-115
Radionuclides | Inventory | Inventory | Inventory Inventory Inventory | Inventory
Loss Loss Loss Loss Loss Loss
(Ci) (Ci) (Ci) (Ci) (Ci) (Ci)

Py 533 E+00 | 1.49 E+01 | 3.56 E+01 | 232 E+00 | 3.41 E+00 | 1.64 E+0l
'SEy 1.96 E+00 | 5.49 E+00 | 1.31 E+01 | 8.55 E-0l 1.25 E+00 | 6.00 E+00
2%Ra 8.15E-06 | 490E-06 | 1.17E-05 | 7.64E-07 | 5.24E-06 | 5.50E-06
*Ra 1.88 E-07 | 1 85E-10 | 444 E-10 | 289E-11 | 351E-11 { 2.90E-06
T Ac 472 E-05 | 285E-05 | 6.81 E-05 | 443E-06 | 3.04E-05 | 3.15E-05
21py 1.75E-04 | 136 E-04 | 326 E-04 | 2.12E-05 1.13E-04 | 1.47E-04
*Th 149E-08 | 1.32E-08 | 3.16 E-08 | 2.05E-09 | 6.70E-09 | 8.36 E-08
32T 252E-08 | 524E-10 | 1.25E-09 | 8.16E-11 | 932E-t1 | 3.87 E-07
2y 383E-06 | 1.42E-06 | 341 E-06 | 222E-07 | 826E-07 | 344 E-05
2y 737E-06 | 3.78 E-08 | 9.05E-08 | 5.89E-09 | 3.15E-08 | 1.13 E-04
My 409E-02 | 1.85E-02 | 443 E-02 | 2.88 E-03 1.88 E-02 | 7.25E-02
By 173E-03| 737E-04 | 1.77E-03 | 1.15E-04 | 8.09E-04 | 2.80E-03
oy 9.69E-04 | 8.69E-04 | 208 B-03 | 1.35E-04 | 297E-04 | 4.29 E-03
28y 396 E-02 | 1.53E-02 | 3.66 E-02 | 2.38 E-03 1.92 E-02 | 5.36 E-02
“"Np 252 E-02 | 208 E-02 | 497E-02 | 3.24E-03 | 1.62E-02 | 2.39E-02
Hpy 227E-02 | 249E-02 | 596 E-02 | 3.87 E-03 1.05E-02 | 621 E-Q2
¥py 1.43 E+00 | 6.95E-01 | 1.66 E+00 | 1.08 E-0l 748 E-O01 | 1.76 E+00
2py 207E-01 | 1.20E-01 | 2.87E-01 | 1.86E-02 1.07 E-01 | 2.95 E-01
2py 1.28 E+00 | 1.24 E+00 | 2.98 E+00 | 1.94 E-0I 6.30 E-01 | 2.79 E+00
2Py 549 E-06 | 685E-06 | 1.64E-05 | 1.07E-06 | 2.89E-06 | 1.12E-05
“Am 1.98 E+00 | 1.88 E+00 | 4.50 E+00 | 2.93 E-01 .28 E+00 | 2.08 E+00
B Am 1.85E-05 | 6.70 E-05 | 1.60E-04 | 1.04 E-05 I.19 E-05 | 7.16 E-05
*2Cm 943 E-04 | 4.87E-03 | 1.I7E-02 | 7.59E-04 | 6.11 E-04 | 5.09 E-03
*$Cm 216 E-05 | 475E-04 | 1.14 E-03 | 7.39 E-05 1.40 E-05 | 4.94 E-04
*4Cm 6.50FE-04 | 478 E-03 | 1.14E-02 | 744E-04 | 427E-04 | 498 E-03
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Table 5a. Leak Inventory Estimates Based on Concentrations at Time
of Leak for Tank S-104 (Chemical Units). (2 sheets)

Estimated
Chemicals At Wt Estimated Waste Estimated Loss Im{entory
Units (g/mole) Composition per kgal Assuming 24 kgal
{Mol/L) (kg/kgal) Loss
(total kg lost)
Na* 23 8.67 E+00 7.58 E+02 1.82 E+04
Al™ 27 1.56 E+00 1.60 E+02 3.83 E+03
Fe** (total Fe) 56 3.54 E-03 7.54 E-01 1.81 E+01
crt 52 1.65 E-01 3.25 E+01 7.81 E+02
Bi** 209 8.95 E-09 7.11 E-06 1.71 E-04
La** 139 220E-14 1.16 E-11 279 E-10
Hg™ 201 3.54 B-06 2.70 E-03 6.49 E-02
7r (as ZrO(OH),) 141 8.94 E-10 4.79 E-07 1.15 E-05
Pb* 207 5.67 E-04 4.46 E-01 1.07 E+01
Ni** 58.7 3.10 E-03 6.92 E-01 1.66 E+01
Sr** 119 0.00 E+00 0.00 E+00 0.00 E+00
Mn** 55 6.52 E-08 1.36 E-05 3.27 E-04
Ca®* 40 1.60 E-02 2.42 E+00 5.82 E+01
K* 39.1 3.07 E-02 4.56 E+00 1.09 E+02
ol (m/L) 238 5.46 E-03 4.94 E+00 1.19 E+02
TPy (p/1) n/a 2.62 E-04 9.96 E-04 2.39 E-02
Density (g/cc) n/a 1.40 E+00 n/a n/a
Void Fraction n/a 0.00 E+00 n/a n/a
wt, % H,O n/a 5.15 E+01 n/a n/a
TOC wt.% C n/a 8.39 E-06 5.32 E+00 1.28 E+02
free OH 17 0.00 E+00 0.00 E+00 0.00 E+00
OH 17 9.01 E+00 5.82 E+02 1.40 E+04
NO; 62 3.01 E+00 7.08 E+02 1.70 E+04
NO, 46 1.64 E+00 2.86 E+02 6.87 E+03
CO4™ 60 1.60 E-02 3.64 E+00 8.73 E+01
PO, 95 5.79 E-07 2.09 E-04 5.02 E-03
SO% 96 3.21 E-02 1.17 E+01 2.81 E+02
Si (as Si03%) 76 2.81 E-02 8.10 E+00 1.94 E+02
F 19 4.62 E-07 3.33 E-05 8.00 E-04
Cl 35.5 1.41 E-01 1.90 E+01 4.57 E+02
CeHs0,™ 189 4.77 E-07 3.43 E-04 8.22 E-03
EDTA* 280 1.86 E-08 7.06 E-08 1.69 E-06
HEDTA™ 265 1.54 E-08 5.86 E-08 1.41 E-06
glycolate’ 75 6.73 E-07 2.56 E-06 6.14 E-05
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Table 5a. Leak Inventory Estimates Based on Concentrations at Time

of Leak for Tank S-104 (Chemical Units). (2 sheets)

Estimated
Chemicals At Wi ESCUmatcd _Waste Estimated Ioss Im{entory
Units (g/mole) omposition per kgal Assuming 24 kgal
(Mol/L) {kg/kgal) Loss
(total kg lost)

acetate 59 6.99 E-0O8 2.66 E-07 6.37 E-06
oxalate” 88 2.89 E-14 1.10E-13 2.63 E-12
DBP 161 4.23 E-07 1.61 E-06 3.86 E-05
Butanol 74 4.23 E-07 1.61 E-06 3.86 E-05
NH; 17 2.05 E-02 7.79 E-02 1.87 E+00
Fe(CN)" 212 0.00 E+00 0.00 E+00 0.00 E+00

Table 5b. Leak Inventory Estimates Based on Concentrations at Time
of Leak for Tank S-104 {Radionuclides). (2 sheets)

Estimated Waste Estimated Loss per | Estimated Inventory
Radionuclides Composition kgal Assuming 24 kgal Loss
(Ci/L)) (Ci/kgal) (total Ci lost)
*H 7.81 E-05 2.97 E-01 7.12 E+00
e 6.06 E-06 2.30 E-02 5.53 E-01
*Ni 7.66 E-07 2.91 E-03 6.99 E-02
*INi 7.16 E-05 2.72 E-01 6.53 E+00
®Co 2.42 E-06 9,20 E-03 2.21 E-01
Se 1.29 E-06 4.89 E-03 1.17 E-01
s 4.96 E-02 1.89 E+02 4.52 E+03
My 4.96 E-02 1.89 E+02 4.53 E+03
S Zr 6.08 E-06 2.31 E-02 5.54 E-01
“"Nb 4.96 E-06 1.89 E-02 4.53 E-01
Te 4,25 E-05 1.61 E-01 3.87 E+00
%Ry 1.82 E-11 6.92 E-08 1.66 E-06
H3meg 1.88 E-05 7.14 E-02 1.71 E+00
1238h 3.67 E-06 1.39 E-02 3.35 E-01
126G 1.98 E-06 7.51 E-03 1.80 E-01
1291 8.16 E-08 3.10 E-04 7.44 E-03
s 6.94 E-08 2.64 E-04 6.32 E-03
¥ 1.25 E-01 4.75 E+02 1.14 E+04
3mB a4 1.18 E-01 4.49 E+02 1.08 E+04
319m 4,59 E-03 1.74 E+01 4.19 E+02
I2Ey 4.54 E-07 1.72 E-03 4.14 E-02
59Ey 5.84 E-05 2.22 E-0t 5.33 E+00
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Table 5b. Leak Inventory Estimates Based on Concentrations at Time

of Leak for Tank S-104 (Radionuclides). (2 sheets)

Estimated Waste Estimated Loss per | Estimated Inventory
Radionuclides Composition kgal Assuming 24 kgal Loss
(Ci/L) (Ci/kgal) (total Ci lost)
By 2.15 E-05 8.17 E-02 £.96 E+00
“Ra 8.94 E-11 3.40 E-07 8.15 E-06
*Ra 2.06 E-12 7.84 E-09 1.88 E-07
2T Ac 5.18 E-10 1.97 E-06 4.72 E-05
Hlpy 1.92 E-09 7.29 E-06 1.75 E-04
“Th 1.63 E-13 6.20 E-10 1.49 E-08
23Th 277 E-13 1.05 E-09 2.52 E-08
2y 420 E-11 1.60 E-07 3.83 E-06
My 8.08 E-11 3.07 E-07 7.37 E-06
2y 4.48 E-07 1.70 E-03 4.09 E-02
“PU 1.89 E-08 7.20 E-05 1.73 E-03
oy 1.06 E-08 4.04 E-05 9.69 E-04
0 4,34 E-07 1.65 E-03 3.96 E-02
*'Np 2.76 E-07 1.05 E-03 2.52 E-02
28py 2.49 E-07 9.46 E-04 2.27 E-02
2¥py 1.57 E-05 5.95 E-02 1.43 E+00
#0py 2.27 E-06 8.61 E-03 2.07 E-01
#ipy .40 E-05 5.32 E-02 1.28 E+00
242py 6.02 E-11 2.29 E-07 5.49 E-06
1 Am 2.17 E-05 8.24 E-02 1.98 E+00
B Am 2.03 E-10 7.73 E-07 1.85 E-05
2Cm 1.03 E-08 3.93 E-05 9.43 E-04
$Cm 2.37 E-10 9.01 E-07 2.16 E-05
*“Cm 7.22 E-09 2.74 E-05 6.59 E-04
Table 6a. Inventory Lost at Tank SX-113. (2 sheets)
Leak Date 1962, Leak Vol. 15,000 gal
Atomic Wt.

Mols/L g/mole Kg/Kgal Total Kg's

Na* 798 E+00 | 2.30 E+01 6.98 E+02 1.05 E+04

Al 127 E+00 | 2.70 E+01 1.30 E+02 1.95 E+03

Totalgq 297E-03 | 5.60 E+01 6.31 E-01 9.47 E+00

crt 1.71 E-01 5.20 E+01 3.38 E+01 5.08 E+02

Bi** 0.00 E+00 | 2.09E+02 | 0.00E+00 | 0.00 E+00

La™ 0.00 E+00 | 139E+02 { 0.00E+00 | 0.00 E+00

Hg™" 0.00 E+00 | 2.01E+02 | 0.00 E+00 | 0.00 E+00
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Table 6a. Inventory Lost at Tank SX-113. (2 sheets)

Leak Date 1962, Leak Vol. 15,000 gal

Atomic Wt.

Mols/L g/mole Kg/Kgal Total Kg's
Zr (as ZrO(OH),) | 0.00 E+00 | 1.41E+02 | 0.00E+00 | 0.00 E+00
Pb** 0.00 E+00 | 2.07E+02 | 0.00E+00 | 0.00 E+00
N 2.67E-03 | 5.87 E+01 5.96 E-01 8.94 E+00
St 0.00E+00 { [.19E+02 | 0.00E+00 | 0.00 E+00
Mn** 0.00 E+00 | 5.50 E+01 0.00 E+00 | 0.00 E+00
Ca™* 134 E-02 | 4.00E+01 2.03 E+00 3.05 E+01
K* 3.11 E-02 | 3.91 E+0l 462 E+00 | 6.92 E+01
Totalyy (M) 423E-03 | 238E+02 | 3.83E+00 | 5.74 E+01
To2lpy (g/1) 2.20 E-04 - 8.34 E-04 1.25 E-02
TOC wt.% C 0.00 E+00 0.00 E+00 | 0.00 E+00
free OH 0.00 E+00 | 1.70 E+01 0.00 E+00 | 0.00 E+00
OH 7.97 E+00 | 1.70 E+01 5.15 E+02 7.72 E+03
NOy 2.82 E+00 | 6.20 E+01 6.64 E+02 | 9.96 E+03
NO, 1.34 E+00 | 4.60 E+01 2.34 E+02 3.50 E+03
CO;* 134 E-02 | 6.00 E+0l 3.05 E+00 | 4.57 E+01
PO,* 0.00 E+00 | 9.50 E+0l 0.00 E+00 | 0.00 E+00
S0~ 288 E-02 | 9.60 E+0l 1.05 E+01 1.58 E+02
Si (as Si0;Y) 223E-02 | 7.60 E+01 6.44 E+00 | 9.66 E+01
F 0.00 E+00 | 1.90 E+0! 0.00 E+00 | 0.00 E+00
Cl 1.43 E-01 3.55 E+01 1.93 E+01 2.89 E+02
CeHsO4™ 0.00E+00 { L[.89E+02 | 0.00E+00 | 0.00 E+00
EDTA" 0.00 E+00 | 2.80E+02 | 0.00E+00 | 0.00 E+00
HEDTA* 0.00 E+00 | 2.65E+02 | 0.00E+00 | 0.00 E+00
glycolate’ 0.00 E4+00 7.50 E+01 0.00 E+00 0.00 E+00
acetate” 0.00 E+00 | 5.90 E+01 0.00 E+00 | 0.00 E+00
oxalate™ 0.00 E+00 | 8.80 E+01 0.00 E+00 | 0.00 E+00
DBP 0.00 E+00 | 1.61 E+02 | 0.00 E+00 | 0.00 E+00
Butanol 0.00 E+00 | 7.40 E+01 0.00 E+00 | 0.00 E+00
NH3 2.12 E-02 1.70 E+01 1.37 E+00 | 2.06 E+01
Fe(CN)s"™ 0.00 E+00 | 2.12E+02 | 0.00E+00 | 0.00 E+00

Table 6b. Inventory Lost at Tank SX-113 (Radionuclides). (3 sheets)

Leak Date 1962, Leak Vol. 15,000 gal
Radionuclides (Ci/L) (Ci/gal) Total Ci
H 8.09 E-05 3.08 E-04 4.61 E+00
e 6.26 E-06 2.38 E-05 3.57 E-01
INj 7.83 E-07 2.97 E-06 4.46 E-02
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Table 6b. Inventory Lost at Tank §X-113 (Radionuclides). (3 sheets)

Leak Date 1962, L.eak Vol. 15,000 gal

Radionuclides (Ci/L) (Ci/gal) Total Ci
®Ni 7.31 E-05 2.78 E-04 4.17 E+00
e 2.47 E-06 9.40 E-06 1.41 E-01
Se 1.33 E-06 5.05 E-06 7.58 E-02
Gy 5.04 E-02 1.92 E-01 2.88 E+03
oty 5.05 E-02 1.92 E-0O1 2.88 E+03
Y zr 6.28 E-06 2.39 E-05 3.58 E-01
e N[ 5.13 E-06 1.95 E-05 2.93 E-0l
PTe 4.38 E-05 1.67 E-04 2.50 E+00
Ru 6.91 E-12 2.62 E-11 3.94 E-07
Hmeg 1.93 E-05 7.35 E-05 1.10 E+00
'35 h 3.63 E-06 1.38 E-05 2.07 E-01
1266 2.04 E-06 7.77 E-06 1.16 E-01
29 8.42 E-08 3.20 E-07 4.80 E-03
s 6.25 E-08 2.37 E-07 3.56 E-03
e 1.29 E-01 4.89 E-01 7.34 E+03
Wimpy 1.22 E-01 4.63 E-01 6.94 E+03
1Sm 4.75 E-03 1.80 E-02 2.71 E+02
2Eu 4.66 G-07 1.77 E-06 2.65 E-02
PEn 5.97 E-05 2.27 E-04 3.41 E+00
SEy 2.20 E-05 8.35 E-05 1.25 E+00
2%Ra 9.20E-11 3.50 E-10 5.24 E-06
28Ra 6.17 E-16 2.34 E-15 3.51 E-11
2T Ac 5.34 E-10 2.03 E-09 3.04 E-05
pg 1.99 E-09 7.55 E-09 1.13 E-04
29Th 1.18 E-13 4.47 E-13 6.70 E-09
2Th 1.63 E-15 6.21 E-15 932 E-11
22y 1.45E-11 551 E-11 8.26 E-07
2y 5.52 E-13 2.10 E-12 3.15 E-08
My 3.30 E-07 1.25 E-06 1.88 E-02
By 1.42 E-08 5.39 E-08 8.09 E-04
20U 522 E-09 1.98 E-08 2.97 E-04
S b 3.37 E-07 1.28 E-06 1.92 E-02
“Np 2.85 E-07 1.08 E-06 1.62 E-02
238py 1.84 E-07 6.99 E-07 1.05 E-02
“py 1.31 E-05 4.99 E-05 7.48 E-01
240py 1.88 E-06 7.14 E-06 1.07 E-01
“lpy 1.11 E-05 4.20 E-05 6.30 E-01
H2py 5.07 E-11 1.93 E-10 2.89 E-06
M am 2.24 E-05 8.51 E-05 1.28 E+00
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Table 6b. Inventory Lost at Tank SX-113 (Radionuclides). (3 sheets)

Leak Date 1962, Leak Vol. 15,000 gal
Radionuclides (C/L) (Ci/gal) Total Ci
¥ Am 2.09 E-10 7.96 E-10 1.19 E-05
*2Cm 1.07 E-08 4.07 E-08 6.11 E-04
“$3Cm 2.46 E-10 933 E-10 1.40 E-05
*4Cm 7.48 E-09 2.84 B-08 4.27 E-04

Table 7a. Inventory Lost at Tank SX-115. (2 sheets)

Leak date: 1964, Leak volume = 50,000 gal

Units: Atomic Wt.
g/mole Mols/L kg/kgal Total kg

Na® 23 3.59 E+00 3.14 E+02 1.57 E+04
A" 27 8.26 E-01 8.47 E+01 4.24 E+03
Toulpe 56 2.11 E-03 4.49 E-01 2.25 E+01
cr' 52 5.09 E-02 1.01 E+01 5.03 E+02
Bi’* 209 6.63 E-08 5.26 E-05 2.63 E-03
La* 139 1.63 E-13 8.62 E-11 431 E-09
Hg™ 201 6.29 E-06 4.81 E-03 2.40 E-01
Pb*? 207 1.01 E-03 7.92 E-01 3.96 E+01
NiZt 58.7 1.73 E-03 3.86 E-01 1.93 E+01
St 119 0.00 E+00 0.00 E+00 | 0.00 E+00
Mn** 55 4.82 E-07 1.01 E-04 5.04 E-03
Ca®™ 40 9.50 E-03 1.44 E+00 | 7.22 E+01
K* 39.1 1.11 E-02 1.64 E+00 | 8.21 E+0l
ol (M) 238 3.56 E-03 3.22 E+00 1.61 E+02
Totlpy (g/1) 1.56 E-04 5.94 E-04 2.97 E-02
Density (g/cc) 1.18 E+00

wt.% H,0 7.51 E+01

TOC wt.% C 7.35 E-05

free OH" 17 0.00 E+00 0.00 E+00 | 0.00 E+00
OH 17 4.17 E+00 2.69 E+02 1.35 E+04
NO; 62 1.20 E+00 7.73 E+01 3.87 E+03
NO, 46 7.84 E-01 1.85 E+02 | 9.23 E+03
CO4™ 60 9.55 E-03 1.67 E+00 | 8.35 E+0l
PO,* 95 4.29 E-06 9.78 E-04 4,89 E-02
SO.- 96 1.92 E-02 6.93 E+00 | 3.46 E+02
Si (as SiOyH) 76 1.28 E-02 4.67 E+00 | 2.33 E+02
F 19 3.42 E-06 9.87 E-04 4.94 E-02
Cr 35.5 5.07 E-02 3.66 E+00 1.83 E+02
CeHsO7" 189 3.53 E-06 2.54 E-03 1.27 E-01
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Table 7a. Inventory Lost at Tank §X-115. (2 sheets)

Leak date: 1964, Leak volume = 50,000 gal

Units: Atomic Wt.
g/mole Mols/L kg/kgal Total kg
EDTA™ 280 1.38 E-07 1.46 E-04 7.32 E-03
HEDTA" 265 1.14 E-07 1.15 E-04 5.75 E-03
glycolate 75 4.99 E-06 1.42 E-03 7.10 E-02
acetate’ 59 5.17 E-07 1.16 E-04 5.80 E-03
oxalate” 88 2.14 E-13 7.15E-11 3.58 E-09
DBP 161 3.13 E-06 1.92 E-03 9.58 E-02
Butanol 74 3.13 E-06 8.81 E-04 4.40 E-02
NH; 17 1.30 E-02 8.43 E-01] 4.21 E+01
Fe(CN)s" 212 0.00 E+00 0.00 E+00 0.00 E+00

Table 7b. Inventory Lost at Tank SX-115 (Radionuclides). (2 sheets)

Leak date:1964, Leak volume = 50,000 gal
Radionuclides Ci/L Ci/kgal Total Ci
*H 7.55 E-05 2.87 E-01 1.43 E+01
e 3.66 E-06 1.39 E-02 6.95 E-01
>IN 4.41 E-07 1.68 E-03 8.38 E-02
N 432 E-05 1.64 E-01 8.20 E+00
*Co 3.55 E-06 1.35 E-02 6.74 E-01
"Se 7.01 E-07 2.66 E-03 1.33 E-01
S 1.78 E-02 6.75 E+01 3.38 E+03
My 1.78 E-02 6.75 E+01 3.38 E+03
Szr 3.46 E-06 .31 E-02 6.56 E-01
SN b 2.51 E-06 9.54 E-03 4.77 E-01
Tc 2.90 E-05 1.10 E-01 5.52 E+00
"%Ru 8.86 E-10 3.37 E-06 1.68 E-04
H3meg 1.57 E-05 5.96 E-02 2.98 E+00
'2Sp 1.31 E-05 497 E-02 2.48 E+00
12%Sn 1.05 E-06 401 E-03 2.00 E-01
1291 5.50 E-08 2.09 E-04 1.04 E-02
e 7.76 E-07 2.95 E-03 1.48 E-01
Wics 9.89 E-02 3.76 E+02 1.88 E+04
BmBa 9.35 E-02 3.55 E+02 1.78 E+04
51Sm 2.47 E-03 9.37 E+00 4.68 E+02
i S 6.18 E-07 2.35 E-03 [.18 E-01
13y 8.62 E-05 3.28 E-0I 1.64 E+01
5En 3.16 E-05 1.20 E-01 6.00 E+00
2Ra 2.89 E-11 1.10 E-07 5.50 E-06
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Table 7b. Inventory Lost at Tank SX-115 (Radionuclides). (2 sheets)

Leak date:1964, Leak volume = 50,000 gal
Radionuclides CvL Ci/kgal Total Ci
™Ra 1.53E-11 5.81 E-08 2.90 E-06
27 Ac 1.66 E-10 6.30 E-07 3.15 E-05
*pa 7.76 E-10 2.95 E-06 1.47 E-04
*9Th 4.40 E-13 1.67 E-09 8.36 E-08
“Th 2.04 E-12 7.75 E-09 3.87 E-07
22 1.81 E-10 6.87 E-07 3.44 E-05
2y 5.93 E-10 2.25 E-06 1.13 E-04
24 3.82 E-07 1.45 E-03 7.25 E-02
By 1.47 E-08 5.60 E-05 2.80 E-03
2oy 2.26 E-08 8.58 E-05 4.29 E-03
=By 2.82 E-07 1.07 E-03 5.36 E-02
“'Np 1.26 E-07 4.77 E-04 2.39 E-02
¥8py 3.27 E-07 1.24 E-03 6.21 E-02
29py 9.28 E-06 3.52 E-02 1.76 E+00
#0py 1.55 E-06 5.90 E-03 2.95 E-01
#py 1.47 E-05 5.58 E-02 2.79 E+00
2py 5.89 E-11 2.24 E-07 1.12 E-05
2 Am 1.09 E-05 4.15 E-02 2.08 E+00
*Am 3.77 E-10 1.43 E-06 7.16 E-05
*em 2.68 E-08 1.02 E-04 5.09 E-03
*Cm 2.60 E-09 9.87 E-06 4.94 E-04
*“Cm 2.62 E-08 9.96 E-05 4.98 E-03

The first step in any solution chemical speciation calculation is a charge-balance
calculation. This calculation is based on the premise that all aqueous salt solutions are
electrically neutral. That is, the concentration of positively charged ions (cations) must equal the
concentration of negatively charged ions (anions). To force this condition on the data sets used
in the speciation calculations, the hydroxide concentration was assumed to be (.1 molar and the
sodium ion concentration was allowed to float. The temperature of the tank supernatant liquid
was assumed to be 100 °C for tanks 241-S-104 and -SX-108 and 75 °C. for tank 241-SX-115.

Results for the speciation calculations are listed in Tables 8 through 10 for tanks
241-5-104, -SX-108, and -§X-115, respectively. These waste compositions were selected for
speciation analysis because they represent three different waste types. Tank 241-S-104 received
both REDOX cladding waste and REDOX high-level waste. The tank waste self-concentrated
for a number of years. Tank 241-SX-108 was an active REDOX boiling waste tank during the
times it likely leaked and tank 241-SX-115 contained somewhat diluted REDOX high-level
waste, Tank 241-SX-108 results would apply to all of the SX boiling waste leaks. The
tank SX-115 results would likely be applicable to the tank SX-113 leak,
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Table 8. Tank S-104 Speciation Study. (4 sheets)

Phases----------- Aqueous Solid
Temperature, °C 100 100
Pressure, atm 1 1
pH 114
Total mol/L 5.25 E+01 1.51 E+00
H,O in mol/L 4.31 E+01]

Ion Pairs Ion Pairs (mol/L} | Solids (mol/L)
HNO, 2.29 E-09
NH; 2.15 E-02
CaS0Oy 1.07 E-06
CsCi 1.22 E-06
Cs glycol 1.97 E-12
CsNO; 2.96 E-05
Fe(1I)OH; 2.27E-10
H,S104 1.16 E-08
Al(OH); 9.24 E-08 1.46 E+00
Bi(OH); [.22 E-09
HgOH, 3.65 E-06
K acetate 1.98 E-10
KCl 5.88 E-05
K glycolate 2.25 E-09
CaCO; 3.53 E-06 1.63 E-02
Na acetate 5.80 E-08
NaF 3.12 E-07
Na glycolate 5.11 E-07
NaHCO; 4.60 E-06
NaHSi10, 398 E-04
NaNO, 5.03 E-O1
NaNOQO; 1.25 E+00
NH, acetate 1.22 E-13
NHsNO4 431 E-05
NiOH; 2.87 E-09 3.25 E-03
CaH,S104 6.91 E-07
PbO 2.02 E-10
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Table 8. Tank S-104 Speciation Study. (4 sheets)

Pu(IV)OH, 2.80 E-09 1.12 E-06
510, 5.47 E-08
Sr glycol 2 295 E-17
SrHPO, 3.08 E-15
SINO5’ 5.64 E-04
Ions mol/L.
OH 1.04 E-01
AlI{OH)4 ion 1.43 E-01
Bi(OH), ion 8.16 E-09
Ca acetate ion 1.42 E-11
Ca citrate ion 2.16 E-10
Ca EDTA ion 9.29 E-09
CaF ion 331 E-11
Ca glycol ion 3.37 E-10
Caion 2.16 E-04
CaNGO; 1on 5.08 E-09
CaOH ion 2.17 E-04
CaPQO, ion 1.76 E-09
Citrate ion 1.63 E-08
Clion 1.48 E-O1l
COj; ion 3.55 E-04
CrO, ion 1.73 E-Ol
Cs citrate ion 7.56 E-13
Cs glycolz ion S5.38 E-I8
Cs ion 1.47 E-05
CsSQO, ion 3.03 E-08
EDTA ion 1.42 E-13
Fe(II)OH, ion 1.19 E-06
Fion 1.72 E-07
Glycolate ion 1.91 E-07
H,Si04 ion 2.80 E-10
H;Si04 ion 2.00 E-05
HCOs ion 1.22 E-06
HCrO, 10n 4.770 E-O7
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HSeOs; ion 6.31 E-12
Hg(OH)s ion 6.65 E-08
HPbO; ion 1.11 E-08
HPQ, ion 2.11 E-10
HSiO; ion 1.78 E-10
K citrate ion 2.07 E-09
K ion 3.20E-Q2
KSO, ion 8.45 E-05
NaCO; ion 8.33 E-05
Na citrate ion 4.81 E-07
Na ion 3.88 E+00
NaSQ, ion 1.50 E-03
NH,CO; ion 1.43 E-08
NH; ion 5.98 E-06
NH4S0O4 ion 2.88 E-08
NiOHs 1on 5.78 E-08
NiOH EDTA ion 1.01 E-08
NO; ion 1.21 E+00
NOj ion 1.90 E+00
Acetate ion 1.50 E-08
PO, ion 3.87E-10
SeOs ion 1.29 E-06
SeQy ion 1.15 E-06
Si0; ion 497 E-10
SO, ion 3.20 E-02
Sr acetate ion 393 E-12
Sr citrate ion 483 E-11
Sr EDTA ion 7.31 E-11
SrF ion 3.67E-12
Sr glycol ion 397 E-11
Srion 4.26 E-05
StNQO; ion 2.05 E-04
SrOH ion 2.64 E-05
SrPO4 ion 546 E-12
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Table 8. Tank S-104 Speciation Study. (4 sheets)

Te(VIDOy4 1on 2.65 E-05
U0O,(CO;); ion 2.66 E-16
UO1(CO3)3 1on 1.21 E-13
UQO; ion 2.33 E-26
Solids mol/L.
CasOH(PO,); 5.77 E-07
FeOOH 3.71 E-03
MnO, 6.83 E-08
Na,U,04 2.86 E-03
NaAlSiO,4 2.90 E-02
PbOH, 5.94 E-04
ZrOs 9.37 E-10
Total g/L 1.23 E+03 1.22 E+02
Enthalpy, J/L -1.47 E+07 -1.99 E+06
Density, g/ 1.23 E+03 2.48 E+03
Osmotic pressure, atm 3.90 E+02
Redox pot, volts 3.98 E-02
E-Con, 1/ohm-cm 7.00 E-01
E-Con, ctn2/ohm-mol 3.93 E+01
Absolute viscosity, cP 6.27 E-01
Relative viscosity 2.23 E+00
Ionic strength 5.30 E+00

Table 9. Tank SX-108 Speciation Study. (4 sheets)

Phases----------- Aqueous Solid
Temperature, C 100.00 100.00
Pressure, atm 1.00 1.00
pH 11.95
Total mol/L. 4.93 E+01 6.21 E+00
H,O 32.79

Ton Pairs Ion Pairs Solids
(mol/L) (mol/L)
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Table 9. Tank SX-108 Speciation Study. (4 sheets)

HNO; 1.98 E-09
AlOH; 6.82 E-08 5.80 E+00
CsCl 5.02 E-06
CsNO» 5.52 E-05
Fe(1I[)OH; 1.11 E-10
H,Si0; 453 E-10
CaCOs 2.60 E-06 591 E-02
HgOH; 2.11 E-09
KCl 5.63 E-04
CaH,Si04 4.86 E-08
NaHCO; 1.05 E-05
NaHSiO; 1.30 E-04
NaNQO, 3.19 E+00
NaNO;, 4.10 E+00
NiOH; 2.12 E-09 1.24 E-02
CaS0Oq, 8.97 E-08
PbO 225E-10
Pu(IV)OH, 2.06 E-09 4.19 E-06
SiO; 321 E-09
Sr(NO3), 3.71 E-04
Ions mol/L
OH ion 9.12 E-02
AI(OH)4 ion 2.67 E-01
Caion 2.99 E-05
CaNOQO; ion 6.42 E-11
CaOH ion 6.91 E-05
Clion 3.80 E-01
COs; ion 1.25 E-03
C;0, ion 1.93 E-02
Cs ion 1.48 E-05
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Table 9. Tank $X-108 Speciation Study. (4 sheets)

CsS0O, 10n 1.49 E-08
Fe(III)(OH), ion 1.42 E-06
H,Si0, ion 3.51 E-12
H;Si0; ion 1.42 E-06
HCO; ion 1.11 E-06
HCrO, ion 1.30 E-08
HSeO; ion 559 E-12
HPbO; ion 2.24 E-08
Kion 8.19 E-02
KSO, ion 9.56 E-05
NaCQO; ion 5.19 E-04
Na ion 4.54 E+00
NaSQ, ion 1.20 E-03
NiNQO; ion 3.03 E-15
NiOH; ion 1.04 E-07
NO: ion 1.76 E+00
NO; ion 2.02 E+00
Pb(NO;); ion 230E-11
SeOj; ion 5.58 E-06
SeQ, ion 5.57 E-06
SiO5 ion 9.40E-12
SOy 1on 2.77 E-02
Srion 6.06 E-06
SrNO; ion 7.47 E-05
SrOH ion 1.12 E-05
Te(VIDO4 1on 4.16 E-06
UO,CO4* ion 8.52 E-17
UO,CO5’ ion 3.13E-13
Solids mol/L
CaOH, 2.87 E-03
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Table 9. Tank SX-108 Speciation Study. (4 sheets)

FeOOH 1.38 E-02
KTe(VIDO, 2.52 E-04
Na,SO4 1.27 E-01
Na,U,04 8.42 E-03
NaAlSiO, 1.79 E-01
PbOH; 5.64 E-07
Total g/L. 1.52 E+03 2.98 E+02
Enthalpy, kJ/L -1.43 E+04 | -4.75 E+03
Density, g/1. 1.52 E+03 2.48 E+03
Osmotic pressure, atm 9.83 E+02
Redox pot, volts 3.88 E+00
E-Con, 1/ohm-cm 8.33 E-01
E-Con, cm2/ohm-mol 2.11 E4+01
Absolute viscosity, cP 1.12 E+00
Relative viscosity 3.98 E+00
Ionic strength 7.90 E+00

Table 10. Tank SX-115 Speciation Study. (6 sheets)

Phases----------- Agueous Solid
Temperature, C 75.00 75.00
Pressure, atm 1.00 1.00
pH 10.94
Total mol/L. 54.41 0.95
—————————————————— mol/L.

H,0 50.22
Ion Pairs Ton Pairs (mol/L) Solids {mol/L)
HNO; 4.05 E-09
NH; 1.32 E-02
CaSOqy 3.45 E-06
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Table 10. Tank SX-115 Speciation Study. (6 sheets)

Cs acetate 947 E-13
CsCl 8.18 E-08
Cs glycol 6.30 E-12
CsNO; 3.43 E-06
Fe(IIT)OH; 7.80E-11
H,S510; 5.65 E-07
Al(OH); 4.07 E-08 8.30 E-01
Bi(OH); 3.61 E-08
Hg(OH); 6.45 E-06
K acetate 8.12 E-10
K(Cl 4.04 E-06
K glycolate 8.53 E-09
Mn(NOs), 1.52 E-10
CaCO3 5.39 E-06 9.34 E-03
Na acetate 2.50 E-07
NaF 1.28 E-06
Na glycolate 2.00 E-06
NaHCO; 5.38 E-06
NaHSi0; 1.84 E-03
NaNO; 8.98 E-02
NaNO; 1.90 E-Ot
NH4NO; 1.60 E-04
NiOH, 4.51 E-09 1.78 E-03
CaH,Si0y 2.14 E-06
PbO 1.29 E-09
Pu(IV)YOH, 2.02 E-09 6.56 E-07
Si0; 1.41 E-06
Sr(NOs), 1.10 E-05
Tons mol/L
OH 10on 2.11E-02
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Table 10. Tank SX-115 Speciation Study. (6 sheets)

A1(OH), ion 8.42 E-03
Bi(OH), ion 3.21 E-08
Ca acetate ion 1.92 E-10
Ca citrate ion 1.21 E-08
Ca EDTA ion 4.52 E-08
Ions mol/L.
CaF ion 1.49 E-10
Ca glycol ion 4.52 E-09
Caion 3.58 E-04
CaNOQO; ion 3.26 E-07
CaOH ion 3.64 E-05
CaPQ; icn 6.89 E-09
Citrate ion 5.34 E-07
Cl ion 522 E-02
CO; ion 3.86 E-04
CrQy4 ion 5.23 E-02
Cs citrate ion 354 E-12
Cs glycol, ion 1.00 E-16
Cs ion 5.31 E-06
CsS0O, ion 1.64 E-08
Fe(IIN(OH)4 ion 6.68 E-08
F ion 2.24 E-06
Glycolate ion 3.11 E-06
H,SiQy ion 4.15 E-08
H3S104 ion 1.60 E-04
HCOs; 1on 6.27 E-06
HCrOy ion 395 E-07
HSeO5 ion 251 E-11
Hg(NHj3); ion 8.35 E-10
Hg(OH), ion 1.79 E-08
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HP-05 ion i.61 E-23
HPbQO, ion 1.59 E-08
HPO; ion 1.83 E-09
HSi0; ion 2.22 E-(7
K citrate ion 1.10 E-O8
K ion 1.13 E-02
KSO, ion 5.44 E-05
Mn(] ion 2.03 E-11
Mn EDTA 1on 1.1 E-10
Mn ion 6.68 E-10
NayF ion 1.41 E-10
NaCOy ion 7.34 E-05
Na citrate ion 3.07 E-06
Na EDTA ion 2.97 E-12
Na ion 1.97 E+00
NaSOy ion 1.54 E-03
NH»CO; ion 6.02 E-08
NH, ion 3.04 E-05
NH4S0, 1on 2.66 E-07
Ni EDTA ion 5.84 E-09
Ni ion 1.22 E-12
Ni{OH)5 ion 2.48 E-08
Ni(OH) EDTA ion 9.02 E-08
NO; ion 7.16 E-01
Ions mol/L.
NO; ion 1.04 E+00
Acetate ion 2.81 E-07
PO, ion 1.25 E-09
S¢0; ion 1.15 E-06
Se0Oy ion 1.56 E-07
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Table 10. Tank SX-115 Speciation Study. (6 sheets)

Si0s 10n 1.90 E-07
SOy ion 1.81 E-02
Sr acetate ion 9.00E-12
Sr citrate ion 3.10E-10
Sr EDTA ion 3.69E-11
SrF ion 7.24 E-12
Sr glycol ion 8.33E-11
Srion 1.11 E-05
SrNO; ion 1.31 E-05
SrOH ion 5.74 E-07
SrPOy ion 3.15E-12
Te(VINO, ion 1.78 E-05
UO,CO;" ion 2.70 E-14
UO,CO4' ion 991 E-12
Solids mol/L
Cas(OH)XPOy)s 4.19 E-06
FeOOH 2.17 E-03
MnQO, 4.95 E-07
Na,U,04 1.83 E-03
NaAlSiOq4 1.11 E-02
Pb(OH); 1.04 E-03
Zr0; 6.80 E-09
Total g/L 1.08 E+03 7.63 E+01
Enthalpy, cal/LL -3.62 E+06 -2.66 E+05
Density, g/L. 1.08 E+03 2.48 E+03
Osmotic pressure, atm 1.24 E+02
Redox pot, volts 8.39 E-02
E-Con, l/ohm-cm 3.34 E-01
E-Con, cm*/ohm-mol 4.20 E+01
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Table 10. Tank SX-115 Speciation Study. (6 sheets)

Absolute viscosity, cP 4.90 E-01
Relative viscosity 1.30 E+00
[onic strength 2.27 E4+00
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3.0 DISCUSSION

34 UNCERTAINTY IN TANK LEAK INVENTORY ESTIMATES

Although the uncertainty in the inventory estimates developed in this analysis and
presented in this document cannot be quantified, we can compare some HDW-derived waste
composition estimates with laboratory analytical data. The relative agreement between modeled
results and the laboratory data probably provide the best quality assessment available at this
time.

The Raymond and Shdo Report (1966) provides analytical data for the supernatant liquid
in tanks 241-SX-108 and -SX-115 near the times these tanks leaked. Raymond and Shdo report
'YCs activity in tank 241-SX-108 to be 7.22 Ci/gal in December 1965 and in tank -SX-115 to be
0.763 Ci/gal in September 1964. In October 1962, the '*'Cs activity in tank 241-SX-113 was
measured to be 0.52 Ci/gal (Hanson et al. 1962). The '*'Cs activities were decayed to a common
date of January 1, 1994, and are compared with '*’Cs data reported in Table 11.

Table 11. Comparison of ''Cs Activities* from HDW Model
Results and Analytical Data.

Tank HDW Model Values Analytical Data
(Ci/L) (Ci/L)
§$X-108 | 0.77 1.0
SX-113 | 0.13 0.067
SX-115 [ 0.099 0.10

*All activities are decayed to a common date of January 1, 1994,

The leak inventory estimates are directly related to the leak volume estimates. The leak
volumes from tanks 241-SX-113 and -SX-115 are well documented. The leak volume estimates
for tanks 241-SX-107, -SX-108, and -SX-109 are derived from '*'Cs activity estimates coming
from kriging analysis. The “Upper 95%" *’Cs inventory estimates were used to weight the basis
for the estimated leaks volumes to the high side.

A major uncertainty associated with the kriging analysis is the lack of data below the
laterals. However, we expect to address this uncertainty with a slant borchole drilled under
tank 241-SX-108 (HNF-5995, Rev. O [Henderson 1999]). The waste loss estimate from
tank 241-S-104 appears to be consistent with observed decreases in tank liquid levels.
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3.2 GAMMA-RAY LOGGING DATA KRIGING COMPARISONS

The leak estimates developed from kriging analysis (Goodman 2000) rely on both
calibrated spectral and uncalibrated gross gamma-ray logging data and very limited sets of
uncalibrated gross gamma data from the laterals under tanks 241-SX-105 and -SX-107 through
-SX-115. A major section of the kriging analysis report (Goodman 2000) focused on developing
a self-consistent set of gamma data. The data sets for tank 241-SX-115 failed to converge and
were not used in the 241-SX-115 inventory estimate.

The '7’Cs inventory estimate developed by kriging analysis (Goodman 2000) for the soil
column surrounding tanks in the SX tank farm is 52.9 kCi (decayed to 2000) or 60.8 kCi
(decayed to 1994). However, if one includes the Y7¢¢ estimates from leaks in tanks 241-SX-113
(7.34 kCi) and -SX-115 (18.8 kCi) (see Table 4), the total *’Cs inventory estimate for the SX
farm would be 86.9 kCi (decayed to January 1, 1994). DOE-GJPO (2000) completed a
preliminary kriging analysis of their SX farm spectral gamma data and estimated a total *’Cs
activity of 6.79 kCi (decayed to 2000) (or 7.80 kCi decayed to January 1, 1994). The Montana
State University (MSU) (Goodman 2000) results and the DOE-GJPO (2000) results are
compared in Table 12. The MACTEC-ERS 'V'Cs estimate does not contain gamma data from
the laterals. Thus, a lower estimate of *'Cs activity would be expected for SX farm. Another
interesting observation is that including gamma data down to 0.5 pCi/g (DOE-GJPO 2000),
rather than the 50 pCi/g used in the Goodman (2000) analysis and this effort, increased the total
activity estimate for the SX farm by far less than 1 percent. This indicates that ignoring the
lower levels of activity around the farm has no significant impact on overall *’Cs inventory
estimates.

3.3  COMPARISON OF SX FARM TOTAL '¥CS INVENTORY ESTIMATES

Estimates of total *’Cs inventory in the SX tank farm are available from a number of

sources. Hanlon (2000) maintains a partial historical estimate of amounts of "*'Cs lost from
various SX tanks. As already noted, both MSU (Goodman 2000) and DOE-GJPO (2000) have
developed total tank farm inventory estimates using kriging analysis of gamma-ray logging data,
but the estimates were calculated using different software packages and different subsets of the
gamma-ray logging database. However, neither kriging analysis picked up the '*'Cs activity
from well-documented leak events in tanks 241-SX-113 and -SX-1 15, because of the lack of
pertinent gamma-ray logging data available from around these tanks. The total '*’Cs activity
estimate developed in this effort combined MSU kriging analysis results with historical records
and waste composition modeling results. Finally, Agnew and Corbin (1998) developed a '¥'Cs
inventory estimate for tanks SX-108, SX-109, SX-111, and SX-112 as part of the Historical Leak
Model (HLM) development. These estimates of total '*’Cs inventory are shown in Table 13.

The two “kriging” studies appear to agree reasonably well. The MACTEC-ERS kriging
analysis used only the spectral gamma logging database, which did not contain any of the
gamma-ray data from the laterals, and is suggested to represent a “lower bound” value.
However, all the spectral gamma-ray logging data were collected using calibrated tools and
following a well-documented quality assurance program. The MSU '"'Cs estimate is about an
order of magnitude higher than the MACTEC-ERS estimate. However, if the “Average” rather
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than the “Upper 95%” values had been used, the total "*'Cs inventory estimate would have been
decreased by a factor of 3. Thus, a '*’Cs inventory estimate based on the “Average” value would
have only been about double the MACTEC-ERS estimate. A factor of 2 difference between the
results of the two studies is consistent with Goodman’s (2000) suggestion that the gamma data
from the laterals would contribute about half of the overall **'Cs activity.
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Table 13. Total SX Farm Cs-137 Inventory Estimates.

Total kCi
MSU Kriging total '*'Cs 52.9 Decayed to 1/1/2000
MACTEC-ERS Kriging Total '*'Cs 6.8 Decayed to 1/1/2000
*TCs sum (this assessment)* 86.9 Decayed to 1/1/1994
s estimate from Hanlon (2000) 127 to 251 Decayed to various dates
near 1970,
'*7Cs estimate from Hanford Leak Model** 1,010  |Decayed to 1/1/1994

*This assessment includes Cs-137 estimates from tanks SX-113 and §X-115.
**Based on estimated leak volume of 413 Kgal from tanks $X-108, SX-109, SX-111, and
SX-112 (Agnew and Corbin 1998).

MSU = Montana State University

The historical results from Hanlon {2000} reflect 37Cs activities determined or estimated

in the mid to late 1960’s and should be reduced by a factor of 2, that i3, by one half-life, to be
comparable with other numbers reported in Table 13. The Hanlon value also included a 40 kCi
estimate for a leak from tank 241-SX-112 in 1969. However, in this assessment, this leak
volume has been discounted. Neither the laterals or drywells around this tank have sufficient
P7Cs activity to justify such a leak volume, nor have any historical records been found (to date)
to support that leak volume. This decision will be reversed if additional documentation can be
found.

The "V'Cs inventory estimate for the four SX tanks calculated with the HLM (Agnew and
Corbin 1998) (1,010 kCi) appears to be unreasonably high. The MSU kriging analysis study
projects an estimate of approximately 38 kCi for the combined leaks from these four tanks. That
is more than a factor of 25 lower than the value estimated by the HLM. The differences in total
¥7Cs inventories come from vastly different leak volume estimates. The HLM projected that
413 kgal of waste was leaked from these four tanks, whereas leak volumes listed in Table 3
would suggest a leak volume of around 16 kgal. The 16 kgal leak estimate for these four tanks is
consistent with the spectral and gross gamma-ray logging data from the laterals and drywells,
and soil analysis data. Even with the overall uncertainty in the other Y7Cs inventory estimates
given in Table 13, accepting the HLLM results as being realistic is very difficult. A recent
assessment of the H LM methodology suggested that the approach was not valid (Jones 1999).
Most disconcerting was the fact that the published version of the HLM does not provide
sufficient information to allow the reported tank leak volumes to be verified. Without the ability
to verify the methodology, the reported leak volumes must be regarded as speculation.
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4.0 CONCLUSIONS

The recommended status for tanks in the S/SX WMA is presented in Table 14. These
recommendations are specifically focused on the S/SX WMA vadose characterization activities.
The tank leak inventory estimates provided in this report are based on the best available
information and should provide a reasonable approach for ranking the impacts of tank leak
events on the vadose zone in this WMA. The lack of an inventory estimate for any tank should

not be interpreted as “the tank did not leaked” but rather that the impact of any leak (as measured

by gamma-ray logging data) from that tank is not significant when compared to the major tank
leak events in this WMA.

Table 14. Summary of Results Based on Current Analysis.

Probable
Past Leak | Probable Leak
Tank Event? |Leak Date| Volume* Comments References
(kgal)
5-104 yes 66 - 70 24.0  [Likely a tank overfiil rathery Agnew 1997,
than leak. Brevick 1964
SX-101 no n/a n/a Near-surface
contamination.
SX-102 no n/a n/a
SX-103 no n/a n/a
SX-104 no n/a n/a Near-surface Dunford 1988
contamination. Zimmer 1988
SX-105 no n/a n/a
SX-106 no n/a n/a
SX-107 yes 1967 6.4 Activity mostly under tank.
SX-108 yes 64 and 153 Appears to have largest Raymond and Shdo
66-67 gamma plume. 1966,
WHC 1992a
SX-109 yes 1965 - 17 1.0 May have leaked small WHC 1992b
amounts over several
years.
SX-110 yes 77 - Little to suggest a tank
leak.
SX-111 yes 1974 - Likely a 500-gal leak. Hanlon 1974
SX-112 yes 1969 --- Reported 30-kgal leak
volume cannot be
documented.
SX-113 yes 1962 15.0  |Leaked during planned Hansen et al. 1962
tank leak test.
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Table 14. Summary of Results Based on Current Analysis.

Probable
Past Leak | Probable Leak
Tank Event? |Leak Datel Volume* Comments References
(kgal)
SX-114 yes 1972 -
SX-115 yes 1965 50.0 |Leaked during NaNO, Raymond and Shdo

recovery. Activity mostly
under tank.

1966,
WHC 1992¢

*Based on this work,
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