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EXECUTIVE SUMMARY

Washington State Department of Ecology, along with the Tank Farms Operating Contractor for
the U.S. Department of Energy, developed a process to reassess selected tank leak estimates
(volumes and inventories), and to update single-shell tank leak and unplanned release volumes
and inventory estimates as emergent field data is obtained (RPP-32681, “Process to Assess Tank
Farm Leaks in Support of Retrieval and Closure Planning”). This process does not represent a
formal tank leak assessment in accordance with procedure TFC-ENG-CHEM-D-42, “Tank Leak
Assessment Process.” This report documents a collaborative effort to reassess the inventory of
past releases in the 241-A and 241-AX Tank Farms. This revision of the report should be
considered a work in progress to be distributed for public review as appropriate. Comments will
be incorporated as needed in a future revision.

Tank waste loss events were initially reassessed for single-shell tanks currently classified as
“assumed leakers” (“the integrity classification of a waste storage tank for which surveillance
data indicate a loss of liquid to the environment attributed to a breach of integrity,” i.e., a tank
leak) (HNF-EP-0182, “Waste Tank Summary Report for Month Ending January 31, 2014,”
Revision 310). In this report the terminology will be that a loss of tank liner integrity will be
referred to as a liner leak and a release of waste to the environment from any other source will be
referred to as a release.

The initial 241-A and 241-AX Tank Farm leak assessment (Revision 1 of this report) was one of
the first of a series of assessments for the 12 single-shell tank farms. Included in the
reassessment and documented in this revised report were additional information and evaluations
learned from development of other tank farm leak assessment reports; evaluations of “sound”
tanks; reformatting of the report, incorporating the results of integrity assessments for 241-A and
241-AX Farm tanks that have been completed since Revision 1 was issued; and an estimate for
the volume and inventory of waste releases from cascade lines, spare inlet overflows and
pipeline leaks based on tank waste process data, ®°Co plumes in the vadose zone, and soil
moisture content. Figures ES-1 and ES-2 show major components of Waste Management

Area A-AX (241-A and 241-AX Tank Farms) including: single-shell tanks used for waste
retrieval and storage and catch tanks, pipelines, pits and diversion boxes used to transfer waste to
and from the single-shell tanks.

Table ES-1 summarizes the results of tank waste loss reassessments for these tanks and provides
a comparison to the waste loss estimates contained in HNF-EP-0182. The estimated volumes of
waste lost and the waste composition (types) were evaluated to update the estimated inventory of
constituents in RPP-26744, “Hanford Soil Inventory Model, Rev. 1.” Appendix D of
RPP-ENV-33418, “Hanford C-Farm Leak Assessments Report” provides a description of waste
types and compositions and describes the rationale and logic used for assessments. In addition,
tanks currently assumed as “sound” (the integrity classification of a waste storage tank for which
surveillance data indicate no loss of liquid attributed to a breach of tank integrity) were reviewed
to assess the potential for loss of waste containment. There was no conclusive indication of a
tank liner failure and subsequent release of waste (leak) from any of the tanks classified as
“sound” in the 241-A and 241-AX Tank Farms.
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Figure ES-1. Waste Management Area A-AX and Surrounding Area
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Figure ES-2. Map of 241-A and 241-AX Tank Farms
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Table ES-1. Summary of Tank Waste Loss Events (2 sheets)

o HNF-EP-0182 Revised
Tank Description Waste Loss Estimate!
Estimate (gal) stimate
241-A-103 From October 8, 1981 to March 5, 1987, the liquid level in 5,500 0 gal
(A-103) tank A-103 was observed to have decreased an estimated Tank integrity
5,500 gal. However, the liquid waste level in tank A-103 assessment
would also slowly rise over a period of 9 to 12 months, then (RPP-ASMT-
drop rapidly over a one to two day period. The liquid level 42278)
decrease was likely due to release of retained gas and not a reclassified
loss of waste from a liner leak. No increase in radioactivity tank as
was detected in drywells or laterals beneath this tank during “sound”
these events.
241-A-104 The Hanford Site tank farm contractor in correspondence 500 to 2,500 2,000 gal
(A-104) with the U.S. Energy Research and Development ~1,300 Ci of
Administration reported an estimated waste loss of 700 to 137Cs
1,500 gal in July 1975. In September 1975, the Hanford Site Liner leak
tank farm contractor conducted a study at tank A-104 to
reevaluate the liner leak size and revised the estimated leak
loss to ~2,000 gal. The waste type leaked from tank A-104
is PUREX HLW supernate (P1 waste) with 0.56 Ci/g *’Cs.
241-A-105 At least three leak events occurred with tank A-105. 10,000 to 2,000 to
(A-105) PUREX HLW supernate (P1 waste) leaked from this tank in 277,000 40,000 gal
late 1963 and again in 1965. During sluicing in 1968 to 25,000 Ci of
1970, 221-B Plant cesium ion exchange waste (waste type 137Cs plus
BIX) may have also leaked from this tank. Because there is cooling water?
uncertainty in the actual waste type at the time of the leak, Liner Leak

there is some uncertainty in the inventory associated with the
leak. A combination of PUREX sludge supernate (PSS) and
221-B Plant cesium ion exchange supernate (CSR) waste
was likely released, but the relative amounts of each are
unknown. Because CSR waste was not added to the tank
until it was sluiced in 1968, it is assumed the leak consisted
of mostly P1 waste. For a 56,000 Ci release of '3’Cs to the
soil (in 1965) and an assumption that the source of the leak
is a PSS waste type, the leak volume would be estimated to
be about 2,000 gal (56,000 Ci/30.7 Ci/gal). For the same
release of '3’Cs in the soil and an assumption that the leak
source is a CSR waste type, the leak volume is estimated to
be about 40,000 gal (56,000 Ci/1.38 Ci/gal). Because CSR
waste was not added to the tank until it was sluiced in 1968,
it is assumed the leak consisted of mostly P1 waste.

v
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Table ES-1. Summary of Tank Waste Loss Events (2 sheets)

o HNF-EP-0182 Revised
Tank Description Waste Loss Estimate!
Estimate (gal) stimate
241-AX-102 | An estimated waste loss of 3,400 gal from tank 241-AX-102 3,000 0 gal
is inconsistent with the relatively low level of radiation Tank appears
detected in the leak detection pit and drywells associated sound
with this tank. The likely source of radioactivity detected Tank integrity
historically in drywells 11-02-11 and 11-02-12 is the leaking assessment
Dresser coupling associated with the tank off-gas piping and (TFC-ENG-
releases from the ventilation system. An integrity CHEM-D-42)
assessment concluded that the tank appears to be sound. in progress
241-AX Farm tank leak pits will be swabbed to confirm the
assessment conclusions.
241-AX-104 | The likely source of radioactivity detected historically in — 0 gal
drywells 11-04-01 and 11-04-11 is the leaking Dresser Tank appears
coupling associated with the tank off-gas piping and releases sound
from the ventilation system. Tank integrity
assessment
(TFC-ENG-
CHEM-D-42)
recommended
Other 241-A 0 0
and AX
Farm
Single-Shell
Tanks

! Except as noted, *’Cs inventories are decayed to January 1, 2001.

2 HNF-EP-0182 estimates 610,000 gal of cooling water were added to tank 241-A-105 from November 1970 to
December 1978 to aid in evaporative cooling. Approximately 232,000 gal of added cooling water are potentially
unaccounted for in the estimate of evaporative water and may have leaked from the tank. In accordance with Dangerous
Waste Regulations [Washington Administrative Code 173-303-070, “Designation of Dangerous Waste,”
subsection (2)(a)(ii), as amended], any of this cooling water that has been added and subsequently leaked from the tank must
be classified as a waste and should be included in the total leak volume.

HLW = high-level waste

References:

HNF-EP-0182, “Waste Tank Summary Report for Month Ending January 31, 2014.”
RPP-ASMT-42278, “Tank 241-A-103 Leak Assessment Report.”
TFC-ENG-CHEM-D-42, “Tank Leak Assessment Process.”

PUREX = Plutonium Uranium Extraction (Plant)

DOE/RL-88-30, Hanford Site Waste Management Units Report contains the official listing of
unplanned releases identified at the Hanford Site. The operational histories for the 241-A and
241-AX Tank Farms were reviewed to determine if additional information exists for the
unplanned releases within the 241-A and 241-AX Tank Farms that are not associated with tank
waste loss events. Additional releases were identified through review of the operational histories
for the 241-A and 241-AX Tank Farms. Nothing significant was identified in any of the new or
existing documented unplanned releases information. However, during the review of the
operational histories for the 241-A and 241-AX Tank Farms it was determined that there is a
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potential of newly identified unplanned releases as a result of pipeline failures or releases from
overfilled tanks as summarized in Section 5.0. Except for the waste quantity estimates
presented, there was insufficient information to estimate a volume or inventory of tank waste
released to the soil for the identified unplanned releases. A rough estimate of surface releases
was developed based on the most recent drywell data measurements.

vi
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1.0 INTRODUCTION

Waste releases to the vadose zone beneath Hanford Site tank farms are from many different
sources, including tank liner leaks (a breach in tank liner, loss of integrity), cascade and spare
inlet losses due to plugging of lines and overfilling the tanks, spills resulting from tank farm
operations, and leaks in transfer pipelines. Inventories released to the vadose zone are estimated
by multiplying the release volume by the contaminant concentration in the solution released to
the soil. The concentration of the solution released is based on process knowledge of the waste
composition in the tank at the time the release occurred. For some major releases, historical
records confirm the waste loss event and provide a strong technical basis for leak volume and
inventory estimates. However, for many releases, little data are available and there are varying
degrees of uncertainty in the available data.

Numerous studies and investigations have estimated the inventory of contaminants in vadose
zone sediments beneath tank farms. Document HNF-EP-0182, “Waste Tank Summary Report
for Month Ending January 31, 2014 provides the current official tank leak volume estimates for
tanks classified as “assumed leakers,” but it does not provide associated inventory estimates, and
tank leak volume estimates reported in HNF-EP-0182 have not been updated for many years.
The Waste Tank Summary Reports were originally prepared for operational decisions, not to
estimate the inventory released. It was not until the 1990s that the Waste Tank Summary
Reports took on new meaning as the “official records” of leaking tanks—thereby assigning them
a role different than originally intended.

Washington State Department of Ecology (Ecology) along with the Tank Farm Operations
Contractor for the U.S. Department of Energy (DOE) developed a process to reassess selected
tank leak estimates (volumes and inventories), and to update tank liner leaks, other waste
releases, and unplanned release (UPR) volumes and inventory estimates as emergent field data is
obtained (RPP-32681, “Process to Assess Tank Farm Leaks in Support of Retrieval and Closure
Planning”). This report documents the results of applying the process described in RPP-32681
to reassess tank and UPR waste discharge estimates in 241-A Tank Farm (A Farm) and

241-AX Tank Farm (AX Farm).

1-1
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1 2.0 SCOPE AND CRITERIA
2
3 An assessment team comprised of representatives from Ecology, DOE’s Office of River
4  Protection and the Tank Farm Operations Contractor was assembled to review available
5  information relating to waste loss events in A Farm and AX Farm. The assessment team
6  membership is listed in Table 2-1. Team meeting summaries are included in Appendix A.
7
Table 2-1. Waste Loss Event Assessment Team
Name Organization Role
Jim Washington State Regulatory oversight.
Alzheimer | Department of Ecology
Mike Washington State Regulatory oversight lead
Barnes Department of Ecology (primary focus: tank retrieval and closure).
Joe Washington State Regulatory oversight
Caggiano | Department of Ecology (primary focus: vadose zone and groundwater data).
Jim Field Washington River Leak Assessment lead
Protection Solutions Knowledge and experience with in-tank (i.e., surface liquid level
and liquid observation well) data and vadose zone investigations.
Les Fort Washington River Knowledge and experience in tank farm waste processing and
Protection Solutions operations and vadose zone characterization.
Paul S. M. Stoller, Inc. Knowledge and experience in gamma and spectral gamma
Henwood logging and analyzing logging data.
Jeremy U.S. Department of Energy | Tank Farms Programs and Projects Division.
Johnson Office of River Protection
Jared Washington State Regulatory oversight — Single-Shell Tank Resource
Mathey Department of Ecology Conservation and Recovery Act of 1976 permit lead.
Beth Washington State Regulatory oversight
Rochette Department of Ecology (primary focus: closure, near-surface unplanned releases).
8

9  In accordance with RPP-32681, the following steps were conducted in reassessing waste losses
10 within A Farm and AX Farm.

11

12 e Collect information and data regarding past tank liner leaks in A Farm and AX Farm (see
13 RPP-32681).

14

15 e Collect information and data regarding other types of waste releases, including pipeline
16 leaks, spills, and near-surface contamination in A Farm and AX Farm.

17

18 e Compile information from previously reported waste tank liner leaks and other types of
19 waste releases to estimate the volume of tank waste which leaked to the vadose zone and
20 the time at which these leaks occurred.

21
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e Compile data regarding the waste composition at the time of a tank liner leak or other
types of waste releases from the available sources, such as sample data, Tank Waste
Information Network System, Best Basis Inventory, Hanford Defined Waste (HDW)
model, etc.

e Combine volume with waste composition to enable radionuclide and chemical inventory
estimates for tank liner leaks and other types of releases.

The initial 241-A and 241-AX Tank Farm leak assessment (Revision 1 of this report) was one of
the first of a series of assessments for the 12 single-shell tank (SST) farms. Included in the
reassessment and documented in this revised report were additional information and evaluations
learned from development of other tank farm leak assessment reports; evaluations of “sound”
tanks; reformatting of the report, incorporating the results of integrity assessments for A Farm
and AX Farm tanks that have been completed since Revision 1 was issued; and an estimate for
the volume and inventory of waste releases from cascade lines, spare inlet overflows and
pipelines based on tank waste process data, °°Co plumes in the vadose zone, and soil moisture
content. Figures ES-1 and ES-2 show major components of Waste Management Area

(WMA) A-AX including: SSTs used for waste retrieval and storage and catch tanks, pipelines,
pits and diversion boxes used to transfer waste to and from the SSTs.
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3.0 BACKGROUND

Approximately 57 million gal of radioactive waste from chemical processing and plutonium
processing operations are stored in 177 underground storage tanks on the Hanford Site. Of these
tanks, 149 are SSTs, which consist of a single steel liner inside a reinforced concrete tank.
Nominal capacities range from 55,000 to 1,000,000 gal. For the immediate future, plans call for
retrieval of waste from the SSTs and transfer to the 28 double-shell tanks (DSTs) with proven
integrity, and eventual transfer for treatment in the Waste Treatment and Immobilization Plant.

3.1 241-A AND 241-AX TANK FARMS DESCRIPTION

The 241-A Tank Farm was constructed between 1954 and 1955. The SSTs in A Farm were
operated as boiling waste tanks. The heat generated from the decay of radionuclides was
sufficient to result in the evaporation of water from the wastes stored in these tanks. The water
vapor and other off-gases from the A Farm SSTs were drawn from each tank through an
underground 20-in.-diameter pipe that connects to an underground 24-in.-diameter pipe

(i.e., vapor header).

When AX Farm was constructed in 1963 and 1964, a similar vapor header was installed for these
four SSTs. An underground 20-in.-diameter pipe connects from each SST to an underground
24-in.-diameter pipe. The underground 24-in.-diameter pipe runs to the 241-AX-152 diverter
station. From the 241-AX-152 diverter station, the underground 24-in.-diameter pipe from the
241-AX vapor header connects to the A Farm vapor header.

The A Farm vapor header connects to underground condensers and de-entrainment vessels and
then enters the 241-A-431 fan house and de-entrainment building. The 241-A and 241-AX Tank
Farm Process Condensate (TFPC) was removed from the A Farm and AX Farm off-gases and
collected in tank 241-A-417. The off-gas was filtered and discharged through an exhaust stack.
Initially, the condensate collected in tank 241-A-417 was either returned to one of the A Farm or
AX Farm SSTs or discharged to a crib. In January 1970, a prototype ion exchange system was
installed to remove '*’Cs from the TFPC prior to discharge to cribs (PR-REPORT-JAN70,
“Monthly Status & Progress Report January 1970,” pp. AV-2). Table 3-1 summarizes the
analyses of the untreated TFPC waste located in reference documentation. The composition of
the Plutonium Uranium Extraction (PUREX) high-level waste (HLW) supernate in

tanks 241-A-101 (A-101), 241-A-104 (A-104), and 241-A-106 (A-106) in September 1964 are
provided in Table 3-2 (RL-SEP-183-RD, “PUREX Tank Farm Supernatant Solution
Composition”). In comparison with the TFPC, the '*’Cs concentration in the PUREX HLW
supernate was ~100,000 times higher.

While not reported in these analyses, ®°Co was present in relatively small concentrations in the
TFPC waste. The 216-A-8 crib received the TFPC waste from November 1955 through

May 1956 and from April 1966 through April 1971. The 216-A-8 crib also received process
condensate from 241-AY Tank Farm (AY Farm) after April 1971. The 216-A-24 crib received
TFPC waste from May 1956 through April 1966.
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Table 3-1. 241-A Tank Farm Process Condensate Analyses

241-A Tank Farm Process Condensate

1959 1960 1969 Analyses® 1961 May 8,
Constituent Analyses1 Analysis2 #1 #2 #3 Analyses4 19783
mg/L mg/L mg/L mg/L | mg/L mg/L mg/L

Tri-butyl or 30 to 190 120 not reported — — 30to 200 | not reported
butyl phosphate
Shell spray base <10 not reported | not reported — — 10 to 70 not reported
(or hydrocarbon)
Ammonium ion not reported | not reported 630 430 156 35t0200 | not reported
Sodium <15 not reported | not reported — — 1to?2 not reported
Nitrate not reported | not reported | not reported — — 1to5 not reported
Nitrite not reported | not reported | not reported — — 5t0 10 not reported
Iron 0.1 not reported | not reported — — not reported | not reported
Nickel, <0.01 not reported | not reported — — not reported | not reported
chromium,
copper,
aluminum,
zirconium,
manganese,
cobalt, calcium,
and magnesium
(each)

pCi/ml pCi/ml pCi/ml — — pCi/ml pCi/ml
Cs-137 2.3E-02 3.2E-02 S5E-3 7.4E-3 | 8.8E-3 1E-2 2.1E-4
Nb-95 2.5E-2 not reported — — — 1E-2 not reported
Zr-95 1.2E-2 not reported — — — 1E-2 not reported
Ru-106 7.2E-3 not reported — — — 1E-3 2.2E-4
Ru-103 5.6E-3 not reported — — — not reported | not reported
Sr-89 3.7E-3 not reported — — — 1E-3 not reported
Sr-90 4.4E-4 — — — — 1E-4 not reported
Sr-89/90 not reported 8.4E-04 — — — not reported 3.3E-4
Ce-144 SE-3 not reported — — — 1E-3 1.45E-5
Y-91 3E-3 not reported — — — 1E-3 not reported
I-131 not reported | not reported — — — 1E-5 not reported
Gross beta 9.1E-2 not reported — — — not reported | not reported
Gross alpha <1.2E-6 not reported — — — not reported | not reported

! HW-63949, “Quarterly Progress Report Research and Development Activities Fixation of Radioactive Residues October —
December 1959,” pp. 17.

2 HW-66276, “The Removal of Cesium and Strontium from Condensate Wastes with Clinoptilolite,” pp. 14-17.

3 Letter Mercer 1969, “Ion Exchange Treatment of 241-A and 241-AX Tank Farm Condensates.” Values reported are for
three separate experiments. Waste sluicing was being conducted during run #3.

4 HW-79174, “Progress in Treatment of a Radioactive Condensate Waste,” pp. 16-17.

> Occurrence Report 78-47, “Radioactive Discharge Exceeding Specified Limits.”
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Table 3-2. Plutonium Uranium Extraction High-Level Waste

Supernate Analyses (September 2, 1964)

Constituent 241-A-101 241-A-104 241-A-106
mg/L mg/L mg/L
Sodium 1.5E+05%* 1.5E+05%* 1.6E+05%*
Nitrate 1.4E+04 4.1E+04 3.6E+04
Nitrite 1.55E+05 1.57E+05 1.54E+05
Sulfate 1.4E+04 1.8E+04 1.3E+04
Phosphate 5.4E+03 2.2E+03 9.0E+02
pCi/ml pCi/ml pCi/ml
37Cs 4 95E+03 3.34E+03 5.85E+03
%Nb not reported not reported not reported
SZr 81 37 1.58E+02
106Ry 3.97E+02 58.5 1.89E+02
103Ry not reported not reported not reported
8Sr not reported not reported not reported
N0Sr not reported not reported not reported
8990y not reported not reported not reported
144Ce 1.49E+02 94.5 1.71E+02

*At these sodium concentrations the 37Cs is expected to be largely immobile in the soil (see
RPP-ENV-33418, “Hanford C-Farm Leak Assessments Report,” Appendix E).

In June 1963, the 216-A-24 crib was reported to have received 0.0124 Ci of *°Co in

1.31 x 10° liters of waste or ~9.5 x 10" uCi/ml (HW-80877, “Radioactive Contamination in
Liquid Wastes Discharged to Ground at the Separations Facilities Through 1963,” pp. 12). In
December 1963, the 216-A-24 crib was reported to have received 0.0248 Ci of ®°Co in

1.36 x 10° liters of waste or ~1.8 x 107 uCi/ml (HW-80877, pp. 12). The TFPC was not
reported as containing any *°Co for the other months in 1963. In 1969, 0.058 Ci of %°Co were
reported to have been discharged in 6.37 x 10° gal of TFPC to the 216-A-8 crib, or

~2.4 x 108 uCi/ml. Also, the concentration of ®*Co was reported as 2.9 x 10~ uCi/cc in an
April 1957 analysis of the condensate discharged to the 216-A-8 crib (HW-51399, “Calculation
of PUREX A-8 Crib Capacity,” pp. 5). This information confirms that °Co was present in the
TFPC as relatively small concentrations.

3.1.1 241-A Tank Farm Description

The 241-A tanks were designed for the storage of boiling waste generated from irradiated fuel
reprocessing at the 202-A PUREX Plant. The 241-A tanks have three unique design features
which are airlift circulators for cooling the boiling wastes, an underground vessel ventilation
header to remove condensate and volatiles, and laterals 10 ft beneath the tank for leak detection.
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The 241-A Tank Farm contains six nominally 1,000,000-gal capacity SSTs, as shown in

Figure 3-1 (H-2-31880, “241-A Tank Farm Leak Detection System Plan-Section-Detail””) and
Figure 3-2. The 241-A tanks consist of a 75-ft diameter, carbon steel liner inside a concrete tank.
The tank steel bottoms intersected the sidewalls orthogonally (similar to 241-AX and 241-SX
tanks), rather than the dished bottoms of earlier-designed tank farms. The concrete thickness is
0.5 ft on the tank bottom, 2 ft to 1.25 ft on the side walls, and 1.25 ft for the tank dome. The
concrete tank dome thickness increases to ~3.5 ft along the sidewalls. Each tank was originally
equipped with 9 to 11 risers and a 20-in.-diameter vapor exhaust pipeline that penetrated the tank
dome and 4 airlift circulators that were operated to suspend solids, mix the tank contents, and
dissipate heat.

The 241-A tanks were originally designed to contain liquid and solid wastes at a maximum
temperature of 280 °F (RPP-10435, “Single-Shell Tank System Integrity Assessment Report,”
pp. A-42). After installation of airlift circulators, the operating temperature limit was revised to
a maximum of 300 °F at the tank bottom (RPP-10435, pp. A-54). Wastes at higher temperatures
could cause buckling of the steel liner and/or structural damage to the concrete shell.

The 241-A tanks were vented to an underground vessel ventilation header that connected to
AX Farm and later to AY Farm. The purpose of this ventilation header was to remove off-gas
and water vapor from these tanks, which were often operated with the wastes at boiling
conditions. Section 4.5.2 includes further discussion on the vessel ventilation header and
analyses of samples of condensate collected from this system. The 241-A and 241-AX tanks
were isolated from this ventilation header in the early 1980s.

The design of this ventilation header included a baffled, 20-in.-diameter pipe inside each

241-A tank. The 20-in.-diameter pipe that exits the tank is connected to a 24-in.-diameter,
stainless steel pipe header that is buried a minimum of 4 ft below grade. The 24-in. header ran
between the tanks to the 241-A-431 ventilation building. Dresser couplings (see Figure 3-3)
provide a compression seal on the outer surface of vapor header piping segments that are ~25 ft
in length. A Dresser coupling is also used to seal the 20-in.-diameter pipe from each tank to the
24-in. main vapor header. The couplings provide for expansion and contraction of the vapor
header pipe segments.

3.1.2 241-AX Tank Farm Description

The 241-AX Tank Farm contains four 1,000,000-gal capacity SSTs. A cross section of a
241-AX tank is shown in RL-SEP-9, “PUREX 241-AX Tank Farm and Waste Routing System
Information Manual” and Figure 3-4. The 241-AX tanks consist of a 75-ft-diameter carbon steel
liner inside a concrete tank. The tank steel bottoms intersected the sidewalls orthogonally
(similar to 241-AX and 241-SX tanks), rather than the dished bottoms of earlier-designed tank
farms. The concrete thickness is 1.5 ft on the tank bottom, 2 ft to 1.25 ft on the side walls, and
1.25 ft for the tank dome. The concrete tank dome thickness increases to ~5 ft along the
sidewalls. Each tank was originally equipped with 54 risers that penetrated the tank dome and
22 airlift circulators that were operated to suspend solids, mix the tank contents, and dissipate
heat (see Figure 3-5).
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Figure 3-1. 241-A Farm Tank Showing Laterals
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Figure 3-2. Plan View of a Typical 241-A Farm Tank (Tank 241-A-101)
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Note: Tank risers are numbered, side nozzles are distinguished with an identifier N before the number, and access pits are called
out as to function/purpose.

References:

H-2-55910, “Waste Storage Tanks Dome Plan and Fixture Layout PUREX Waste Disposal Facility.”

H-2-63099, “105-A Tk. Arr'g't. As Built.”

H-2-73388, “Piping Waste Tank Isolation 241-A-101.”

WHC-SD-RE-TI-053, “Riser Configuration Document for Single-Shell Waste Tanks.”

WHC-SD-WM-ER-349, “Historical Tank Content Estimate for the Northeast Quadrant of the Hanford 200 East Area.”
WHC-SD-WM-TI-553, “Thermocouple Status Single Shell & Double Shell Waste Tanks.”
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Figure 3-3. Typical Dresser Coupling
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The 241-AX tanks were originally designed to contain liquid and solid wastes at a maximum
temperature of 350 °F (RPP-10435, pp. A-43). Wastes at higher temperatures could cause
buckling of the steel liner and/or damage to the concrete shell.

The 241-AX tanks were vented to an underground vessel ventilation header that connected to

A Farm and later to AY Farm. The purpose of this ventilation header was to remove off gas and
water vapor from these tanks, which were often operated with the wastes at boiling conditions.
Section 4.5.2 includes further discussion on the vessel ventilation header and analyses of samples
of condensate collected from this system.

The 241-A and 241-AX tanks were isolated from this ventilation header in the early 1980s. The
design of this ventilation header included a baffled, 20-in.-diameter pipe inside each

241-AX tank, as shown in Figure 3-3. The 20-in.-diameter pipe exiting the tank is connected to
a 24-in.-diameter, stainless steel pipe header that is buried a minimum of 4 ft below grade. The
24-in. header ran between the tanks to the 241-AX-152 diverter box and then to A Farm to tie in
to that farm’s ventilation header. The 241-AX ventilation header slopes upward toward the

A Farm tie-in. Dresser couplings provide a compression seal on the outer surface of vapor
header piping segments that are ~25 ft in length. A Dresser coupling is also used to seal the
20-in.-diameter pipe from each tank to the 24-in. main vapor header. The couplings provide for
expansion and contraction of the vapor header pipe segments.
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Figure 3-4. Typical 241-AX Farm Tank Plan View (Tank 241-AX-101)
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References:

H-2-55910, “Waste Storage Tanks Dome Plan and Fixture Layout PUREX Waste Disposal Facility.”

H-2-63099, “105-A Tk. Arr'g't. As Built.”

H-2-73388, “Piping Waste Tank Isolation 241-A-101.”

WHC-SD-RE-TI-053, “Riser Configuration Document for Single-Shell Waste Tanks.”

WHC-SD-WM-ER-349, “Historical Tank Content Estimate for the Northeast Quadrant of the Hanford 200 East Area.”
WHC-SD-WM-TI-553, “Thermocouple Status Single Shell & Double Shell Waste Tanks.”
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Figure 3-5. 241-AX Farm Tank and Leak Detection Pit Composite Drawing
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3.2 TANKLEAK DETECTION MONITORING

Historically, SSTs were monitored by two independent methods: in-tank and ex-tank
monitoring. From the beginning of Hanford Site tank farm operations, the primary leak
detection system was routine monitoring of static liquid-surface levels within each tank. Routine
monitoring of gross gamma activity in drywells near the SSTs provided the second leak detection
method. The majority of the drywells in A Farm were drilled in the early 1960s to depths of

~75 ft and many of the drywells were deepened in the late 1970s to depths of ~125 ft. The
drywells in AX Farm were drilled in 1974 and 1975 and are mostly ~100 ft deep. After the SSTs
were pumped and interim stabilized, gross gamma monitoring was no longer required except as
specified in tank waste retrieval work plans (RPP-9937, “Single-Shell Tank System Leak
Detection and Monitoring Functions and Requirements Document”). Figures 3-6 and 3-7 show
the location of drywells in A Farm and AX Farm (Drywells 10-00-02 and 10-00-01, northeast
corner of A Farm not shown). Table 3-3 shows A Farm and AX Farm drywell numbers, 1D,
names, dates the drywells were drilled, and depth of the drywells.

In addition to drywells, beneath each of the tanks in A Farm, three horizontal lateral pipes were
installed in 1962 and 1963 (Figure 3-6). These laterals were installed after waste leakage from
tank 241-SX-113 was suspected in 1958 and confirmed in 1962. Each lateral is ~10 ft beneath
the tank concrete foundation. These laterals are 3-in. diameter, stainless steel tubing enclosed in
4-in. schedule 40 carbon steel pipe. The horizontal lateral pipes enter a caisson, transition to
vertical orientation, and extend to an instrument enclosure at ground elevation. Probes can be
inserted into each lateral to monitor for gamma radiation that could indicate waste leakage from
a tank or pipeline.

Each 241-AX tank has its own internal leak detection pit (LDP) consisting of a network of drain
slots in the concrete base immediately below the carbon steel liner (Figure 3-5). A 12-in. carbon
steel pipe connects the drain network with a leak detection well. The 60-ft deep well consists of
a 24-in., schedule 20 carbon steel pipe, surmounted by a concrete pump pit. A waste transfer
line connects the LDP with a pump pit atop the 241-AX tank. The leak detection well is vented
to the main vent header through a water-filled seal pot. The leak detection pump pits drain into
their respective storage tanks through a 4-in. line that extends 5 ft from the tank bottom. Each
LDP has a separate 6-in. “radiation detection well” (see Figure 3-5) that intersects the soil
adjacent to the bottom of the LDP. The radiation well is used as a cost-effective and non-
invasive method to monitor changes in gamma activity within the LDP.

3.2.1 In-Tank Monitoring

Originally, liquid levels were measured using pneumatic dip tubes (HW-10475 C-DEL,
“Hanford Technical Manual Section C,” pp. 908). This practice was later replaced with a
manual tape (MT) or Food Instrument Corporation (FIC) gauge that had a conductivity electrode
used to detect the liquid surface (H-2-2257, “Conductor Reel for Liquid Level Measurement”).
The biggest limitations of the MT and FIC measurements were measurement precision, failures
of the electrodes, and solids forming on the electrodes and the surface of the waste within the
tank.
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Figure 3-6. Location of Drywells and Laterals in 241-A Tank Farm
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Figure 3-7. Location of Drywells in 241-AX Tank Farm
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The statistical accuracy of the MT and FIC electrode measurement technique was 0.75 in.
(~2,060 gal), as determined in July 1955 (HW-51026, “Leak Detection -- Underground Storage
Tanks,” pp. 4). Later, liquid-level determinations were automated in many of the SSTs to
provide more accurate and reliable measurements.

Surface level measurements remain highly uncertain in the waste tanks that contained boiling
wastes (e.g., 241-A, 241-AX and 241-SX Tank Farms), when supernate has been removed from
tanks leaving solids or precipitated salts, or where solid crusts have formed on the waste
surfaces. In addition to uncertainty in measurements of liquid level, liquid level decreases may
be caused by a liner leak, evaporation, barometric pressure changes or physical changes in waste
surfaces (i.e., floating solids, surface collapse or gas release events). Liquid observation wells
(LOW) were installed in many of the tanks to measure interstitial liquid levels (ILL) using
gamma and neutron probe measurements.
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Table 3-3. 241-A and 241-AX Tank Farm Drywells (3 sheets)

Well Number Well ID Well Name Drill Date Well Depth (feet)l
10-00-01 A6046 299-E25-57 30-Jun-55 150
10-00-04 A6047 299-E25-58 30-Jun-55 151
10-00-06 A4763 299-E25-15 3-Jul-69 3407
10-00-07 A4750 299-E24-14 1-Jul-69 340°
10-00-08 A4749 299-E24-13 10-Sep-69 3407
10-01-01 A6532 299-E25-97 28-Feb-62 125
10-01-03 A6530 299-E25-91 30-Apr-62 75
10-01-04 A6531 299-E25-92 30-Apr-62 125
10-01-05 A4759 299-E25-1 28-Feb-55 3222
10-01-06 A5925 299-E24-70 06-Apr-62 125
10-01-08 A5926 299-E24-71 13-Feb-62 125
10-01-09 B8052 10-01-09 1962 or 1978 75
10-01-10 A5927 299-E24-72 03-May-62 125
10-01-11 A5928 299-E24-73 02-May-62 125
10-01-16 A6567 299-E25-149 1981 51
10-01-28 A6608 299-E25-204 31-Jan-84 45
10-01-39 A6598 299-E25-192 31-Mar-82 46
10-02-01 A6529 299-E25-90 30-Apr-62 125
10-02-03 A6522 299-E25-83 30-Apr-62 125
10-02-05 A6524 299-E25-85 30-Apr-62 125
10-02-06 A6525 299-E25-86 30-Apr-62 85
10-02-08 A6526 299-E25-87 30-Apr-62 125
10-02-10 A6527 299-E25-88 28-Feb-62 125
10-02-11 A6528 299-E25-89 30-Apr-62 125
10-03-01 A6517 299-E25-78 31-May-62 125
10-03-02 A6518 299-E25-79 30-Apr-62 125
10-03-04 A6519 299-E25-80 30-Apr-62 125
10-03-05 A6520 299-E25-81 30-Apr-62 125
10-03-07 A6521 299-E25-82 30-Apr-62 125
10-03-10 A6044 299-E25-55 31-May-55 151
10-03-11 A6523 299-E25-84 30-Apr-64 85
10-04-01 A6500 299-E25-61 31-May-62 125
10-04-04 A6045 299-E25-56 3-Jun-55 151
10-04-05 A6502 299-E25-63 30-Apr-62 125
10-04-07 A5921 299-E24-66 31-May-62 120
10-04-08 A5922 299-E24-67 30-Apr-62 125
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Table 3-3. 241-A and 241-AX Tank Farm Drywells (3 sheets)

Well Number Well ID Well Name Drill Date Well Depth (feet)l
10-04-10 A5923 299-E24-68 31-May-62 125
10-04-12 A5924 299-E24-69 31-May-62 69
10-05-02 A6507 299-E25-68 31-May-62 125
10-05-05 A6509 299-E25-70 30-Apr-62 75
10-05-07 A6510 299-E25-71 30-Apr-62 75
10-05-08 A6533 299-E25-98 31-Jan-66 56
10-05-09 A6501 299-E25-62 30-Apr-62 75
10-05-10 A6505 299-E25-66 30-Apr-62 125
10-05-12 A6506 299-E25-67 30-Apr-62 75
10-06-02 A6513 299-E25-74 31-May-62 125
10-06-04 A6514 299-E25-75 31-May-62 125
10-06-05 A6515 299-E25-76 30-Apr-62 75
10-06-07 A6516 299-E25-77 28-Feb-62 125
10-06-09 A6508 299-E25-69 30-Apr-64 125
10-06-10 A6511 299-E25-72 30-Apr-62 125
10-06-12 A6512 299-E25-73 31-May-62 100°
11-01-01 A6534 299-E25-99 30-Nov-74 100
11-01-02 A6535 299-E25-100 31-Dec-74 100
11-01-04 A6537 299-E25-101 31-Jan-75 100
11-01-05 A6538 299-E25-102 31-Jan-75 100
11-01-07 A6539 299-E25-103 31-Jan-75 100
11-01-09 A6540 299-E25-104 31-Dec-74 100
11-01-10 B2896 299-E25-131 1978 73
11-01-11 A6541 299-E25-105 31-Dec-74 100
11-02-01 A6563 299-E25-132 30-Apr-78 125
11-02-02 A6542 299-E25-106 31-Jan-75 100
11-02-03 B2898 299-E25-133 1978 75
11-02-04 A6543 299-E25-107 28-Feb-75 100
11-02-05 A6544 299-E25-108 28-Feb-75 100
11-02-07 A6545 299-E25-109 28-Feb-75 99
11-02-08 A6546 299-E25-110 28-Feb-75 100
11-02-10 A6547 299-E25-111 28-Feb-75 100
11-02-11 A6548 299-E25-112 31-Jan-75 100
11-02-12 A6562 299-E25-128 31-May-75 52
11-02-22 A6561 299-E25-127 31-May-75 125
11-03-02 A6549 299-E25-113 31-Jan-75 100
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Table 3-3. 241-A and 241-AX Tank Farm Drywells (3 sheets)

Well Number Well ID Well Name Drill Date Well Depth (feet)l
11-03-05 A6550 299-E25-114 31-Dec-74 100
11-03-07 A6551 299-E25-115 28-Feb-75 100
11-03-09 A6552 299-E25-116 31-Jan-75 120
11-03-10 A6553 299-E25-117 31-Jan-75 100
11-03-12 A6554 299-E25-118 31-Dec-74 100
11-04-01 A6555 299-E25-119 31-Dec-74 100
11-04-05 A6556 299-E25-120 28-Feb-75 100
11-04-07 A6557 299-E25-121 31-Mar-75 95
11-04-08 A6558 299-E25-122 28-Feb-75 100
11-04-10 A6559 299-E25-123 31-Mar-75 100
11-04-11 A6560 299-E25-124 31-Jan-75 125
11-04-19 A6565 299-E25-147 31-Mar-78 125

! Except as specified, the drywells have a 6- or 8-in. diameter steel casing. In 1978, many wells drilled to 75 ft in the 1960s

and well numbers > XX-XX-12 were extended. Extending a borehole usually involved installing a 15- to 20-ft length of
temporary 8-in. overshot casing at the ground surface and extending the 6-in. casing to the desired depth. In the event that
the 6-in. casing could not be driven to the completion depth, a 4-in. pipe was inserted into the original casing and the
drywell was continued using this smaller casing. On reaching the planned depth, the temporary surface casing was removed
and grout was usually placed in the annular space between the permanent casing and the portion of the drywell wall that was
occupied by the overshot casing.

2 Double cased with 6-in. or $-in. casing and 4-in. casing and grouted between casings (referred to as Webster Completion
wells).

References:

Environmental Dashboard Application, Queried 06/20/2013, [Well Reports/Document Lookup, provides multiple report
formats for groundwater well information from Hanford Environmental Information System, Hanford Well Information
System, and Waste Information Data System], http://environet.hanford.gov/EDA/index.cfm?regid=%23%2EP%28%22%0A
&fwnavid=%23%2D%20%24%2F%0A &navMode=%28%3FT%3D%3A%28Y %3EJ%3B1%5C%20%0A.

GJ-HAN-1, “Vadose Zone Characterization Project at the Hanford Tank Farms Tank Summary Data Report for Tank T-110.”
GJ-HAN-2, “Vadose Zone Characterization Project at the Hanford Tank Farms Tank Summary Data Report for Tank T-107.”
GJ-HAN-49, “Hanford Tank Farms Vadose Zone Tank Summary Data Report for Tank AX-101.”

GJ-HAN-50, “Hanford Tank Farms Vadose Zone Tank Summary Data Report for Tank AX-102.”

GJ-HAN-51, “Hanford Tank Farms Vadose Zone Tank Summary Data Report for Tank AX-103.”

GJ-HAN-52, “Hanford Tank Farms Vadose Zone Tank Summary Data Report for Tank AX-104.”

GJ-HAN-106, “Hanford Tank Farms Vadose Zone Tank Summary Data Report for Tank A-101.”

GJ-HAN-107, “Hanford Tank Farms Vadose Zone Tank Summary Data Report for Tank A-102.”

GJ-HAN-108, “Hanford Tank Farms Vadose Zone Tank Summary Data Report for Tank A-103.

GJ-HAN-109, “Hanford Tank Farms Vadose Zone Tank Summary Data Report for Tank A-104.”

GJ-HAN-110, “Hanford Tank Farms Vadose Zone Tank Summary Data Report for Tank A-105.”

GJ-HAN-111, “Hanford Tank Farms Vadose Zone Tank Summary Data Report for Tank A-106.”

The A Farm and AX Farm tanks were initially monitored using MT and/or FIC gauge surface
level measurements. Between 1995 and 2002, FIC and MT gauges were removed and replaced
by Enrafs®!. Liquid observation wells for neutron and gamma ILL measurements were installed

in tanks A-101, 241-A-103 (A-103), 241-AX-101 (AX-101) and 241-AX-103 (AX-103).

! Honeywell Enraf® is a registered trademark of Honeywell International Inc., Corporation Delaware, 101 Columbia
Road Morristown, New Jersey.
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Following is a description of in-tank monitoring instrumentation summarized from RPP-9645,
“Single-Shell Tank System Surveillance and Monitoring Program.”

Enraf®. The Enraf® gauge is the most accurate level gauge currently used in the tank farms.
This gauge tracks level changes in tank waste by using a load cell to monitor the weight of a
displacer. For the purposes of leak detection, the Enraf® gauge needs a free liquid surface below
the displacer. The vendor quotes an Enraf® precision of + 0.004 in. and an accuracy of

+0.04 inches. However, in-tank Enraf® instruments are calibrated to an accuracy of + 0.1 in.
and the 2-decimal readout on the gauge provides a precision of £ 0.01 inch.

The condition providing the highest sensitivity to a potential liner leak is a smooth, pure liquid
waste surface combined with the most accurate gauge (Enraf®). These measurements are
impacted very little by day-to-day variation from either the waste surface or gauge error. If the
waste surface becomes more irregular or a gauge with lower resolution is used, the measurement
data becomes more scattered (increases) during the normal day-to-day readings. For a heavy
slurry waste with a highly irregular surface and a low-resolution instrument, the day-to-day
readings exhibit a higher degree of nominal data scatter. Surface level gauges are not used for
leak detection if the waste has a solid surface, since the level would not decrease in response to a
leak. Liquid levels cannot be measured accurately during waste transfer operations or in
self-boiling tanks with a dynamic surface (resulting that at certain times tank waste surface levels
were uncertain when the surface was dynamic [as in boiling tanks] or a transfer was occurring).

Manual Tape. The MT is still used in a few tanks. It relies on a metal tape with a plummet
contacting an electrically-conductive waste surface. An MT in good working order on a
highly-conductive surface should be accurate and repeatable to ~0.25 inch. As the waste dries
out, the device becomes less accurate, until ultimately no signal is received. Uncertainty for
different tanks varied from 0.25 in. to 2 inches. The drying out of the waste surface is typically
observed as increasing levels of data scatter during routine data reviews. Most DSTs use the MT
as a backup to the Enraf®.

The FIC conductivity gauge is no longer used. The FIC was functionally equivalent to the MT,
except that the tape and plummet were raised and lowered by a motor rather than manually. All
FICs have now been replaced by Enraf® gauges.

Interstitial Liquid Level. Levels of waste phases can be measured by using geophysical
techniques deployed inside an LOW placed in a tank. The LOWs were installed in tanks
containing permeable waste (i.e., tanks containing saltcake versus sludge) and/or tanks with a
solid waste surface. Originally, the uncertainty of waste surface level measurements varied from
1 to 3 in. depending on the waste and barometric pressure changes. Interpreting LOW
measurements is complicated, especially for a low permeability waste or when the liquid level is
between two waste layers with different permeability (e.g., saltcake and sludge). Updated
methods have improved the accuracy of current LOW measurements. Such actions include
calibrating the waste depth measuring system daily before going to the field to ensure
measurements are within = 0.25 in. of its known value; verifying the neutron and gamma probes
before each use; and comparing all of the measurement scans to a “reference scan” to identify
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any spikes, drifting, dead zones, or other anomalous problems (assuming a uniform waste
porosity).

3.2.2 Ex-Tank Monitoring

Total gamma logging was initially performed in the drywells using Nal and Green and Red total
gamma monitoring detectors (Geiger Mueller detectors) (Figure 3-8). Gross gamma logging
detects only the cumulative sum of all radioactive gamma-emitting isotopes and does not
distinguish the isotopes creating the gamma energy. Gross gamma logs were used to detect
relative changes in the drywell profile as an indicator of change—either decay or movement
toward or away from a drywell. The total gamma logs were digitized starting in 1975. Some
pre-1975 archive strip chart data (1967 to 1971) were located for drywells in A Farm and were
reviewed as part of these analyses; the AX Farm drywells were installed in December 1974 or
later.

Between 1995 and 2000, all of the drywells in all of the farms were logged using a spectral
gamma logging system (SGLS). The SGLS uses a high-purity germanium (HPGe) detector and
provides isotope-specific gamma measurements (e.g., cesium, europium, cobalt and uranium
isotopes). Detection and quantification of low specific activity radionuclides such as 2*¥235U,
and other transuranics or radionuclides that have experienced significant decay such as °Co,
generally require an SGLS. For areas of higher activity (> 2,000 pCi/g), a high rate logging
system (HRLS) employing an HPGe is used to quantify activity levels as high as 1 x 10® pCi/g.

The Radiation Assessment System (RAS) truck was designed for routine gamma monitoring
against the baseline established from the SGLS data in 1999. The RAS uses a series of

three interchangeable Nal(Tl)-based scintillation detectors (RAS-L, RAS-M, and RAS-S) for
measurement over the range from background levels to ~10° pCi/g *’Cs. The size of a leak that
can be detected by RAS depends on the radioactivity level of the waste leaked, the leak rate,
proximity of a dry borehole to the leak, and subsurface soil properties controlling flow rate and
direction. Consequently, there is no single value that can be stated as the maximum leak that
could go undetected by drywell monitoring for an SST. Figure 3-8 shows approximate
measurement ranges of different types of gamma radiation detectors.

As with the in-tank measurements, there are uncertainties associated with the ex-tank
geophysical logging. Three sources of uncertainty are as follows.

1. Number and location of wells / laterals / LDPs: There were rarely more than six drywells
surrounding the 100-series SSTs (circumference ~235 ft) and often fewer. These drywells
are generally 6-in.-diameter steel casings that extend vertically 75 to 125 ft below ground
surface (bgs) (groundwater is between 245 and 300 ft bgs) and allow access of geophysical
probes. Because the holes had to be steel cased to prevent collapse and loss of the drywell,
only gamma-emitting radionuclides within about a 12-in. radius of a drywell are detected.
Alpha and beta radiation are blocked by the casing; only gammas (and neutrons) can
penetrate to the detector. With HPGe detectors, it is possible to collect gamma energy
spectra with sufficiently good energy resolution to identify characteristic decay gammas, and
to calculate concentration based on net counts for specific photopeaks. Table 3-4 lists
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prominent gamma decay “lines” for various man-made and naturally-occurring
radionuclides. Typical minimum detection limits are provided for HPGe detectors; these
detection limits will be significantly higher for detectors such as Nal, which has poorer
energy resolution capability.

The presence of steel borehole casing and the steel housing of the logging sonde restrict the
minimum detectable gamma energy to about 180 keV. At lower energies, gamma
attenuation becomes severe, but very high concentrations may still be detectable. “Pure”
beta emitters such as *°Sr can be qualitatively detected on the basis of bremsstrahlung
radiation resulting from beta interactions in the casing. In other cases, radionuclides with
few or no detectable gamma lines may be intimately associated with other, more detectable
radionuclides. Examples include 2*°Pu (>**Pu), 2*'Pu (**"U), and 2**U (***U/*%®TI). Itis also
possible that mobile, readily-detectable radionuclides such as complexed *°Co may serve as
surrogates or indicators for other, less-detectable radionuclides such as *Tc.

Laterals beneath the A Farm and 241-SX Farm tanks provided a gamma monitoring system
as a means to compare drywell readings. However, the absence of gamma activity in a well,
lateral, or LDP (AX Farm only) does not necessarily indicate that a tank did not leak.
Nevertheless, the LDPs are considered the most effective method to detect a low-volume
leak, with laterals as the second most effective.

A few drywells were installed within the tank farms when they were constructed, but most
were not installed until the 1970s. During the Hanford operational period, data collection
technology evolved from manual records of detector readings to strip charts to digital data
collection. Probe types, detectors and logging practices also changed. From 1974 to 1994,
total gamma data are available in electronic format, and these detectors have been reasonably
well characterized. Although most leaks and releases occurred prior to 1973, careful
evaluation of available drywell data can be used to reconstruct contaminant distribution and
migration patterns over a period of 20 years. Chemical contaminants as well as alpha- and
beta-emitting isotopes are not detected during logging and can only be found through soil
sampling and analyses. However, the existence of short-lived mobile gamma-emitting
radionculides deep in the vadose zone may be an indicator of pathways for mobile chemical
contaminants such as nitrates.

. Waste type: The overall effectiveness of gross gamma logging in drywells as a leak

detection system depends on the waste type in the tank. It can be used to evaluate the
approximate time period when tank waste may have entered the sediments. Early gross
gamma logging can indicate the nature of waste streams by considering the decay rate of
gamma activity. The gross gamma logging system is most effective with waste types
containing high concentrations (activities) of gamma-emitting radionuclides (e.g., *’Cs or
9Co at the present time and short-lived radionuclides in the past) and large releases, and less
effective with lower activity waste types such as aluminum cladding waste or waste that
contains transuranics. In addition to limitations on the effectiveness of gamma
measurements for different waste types, there were lags of months to years between release
and detection where multiple waste transfers in the adjacent tank may have occurred.
Consequently, the type of waste in the nearest tank when a leak/release was detected may not
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be the same as the waste released. This contributes to uncertainty in inventory and leak
volume estimates.

3. Other contamination sources: Gamma activity observed in drywells may also have
originated from near-surface waste loss events, transfer line releases or tank overfills, in
which case there is no loss of integrity of the steel liner in the tank. However, all releases
contribute to the soil inventory, regardless of whether the liner failed.

Geophysical techniques can also be used outside of a tank to measure increased moisture and
gamma-emitting contaminants. Dry borehole neutron moisture and/or RAS total gamma leak
detection monitoring is performed during retrieval in accordance with tank waste retrieval work
plans. The accuracy of dry borehole logging count rate is roughly the square of the total number
of counts (Radiation Detection and Measurement [Knoll 2000], pp. 94-96). The correlation
between counts per second (c/s) and radioactivity or moisture measurements varies by detector.

Leak detection monitoring for retrieval is conducted by observing changes in neutron readings
(c/s) compared to an established baseline for the detector being used. Therefore, for a given
detector, accuracy of calibration is not a factor. The level of moisture change that triggers
additional RAS monitoring is specified in tank waste retrieval work plans. Some of the drywells
in A Farm are double cased with grout between casings (see Table 3-3) and cannot be used to
measure soil moisture.

In addition to monitoring data, one-time readings are often obtained during the installation of
wells and/or push holes as part of characterization efforts to determine the nature and extent of
contaminants in the vadose zone.

Ex-Tank High Resolution Resistivity. High Resolution Resistivity (HRR) leak detection
monitoring is used during retrieval operations and measures changes in resistivity against
baseline conditions as specified in tank waste retrieval work plans. Because tank waste is high in
sodium and nitrate, changes in resistivity/conductivity are a potential indicator of a tank leak. In
leak injection tests in 241-S Tank Farm, where 13,000 gal of saline solution were injected to the
soil near tank 241-S-102 it was determined that HRR could detect a leak of 2,100 gal or more
with 95% accuracy. Initial tests showed responses after only a few hundred gallons of saline
solution were injected (RPP-30121, “Tank 241-S-102 High-Resolution Resistivity Leak Detection
and Monitoring Test Report”). In comparison, drywell neutron moisture measurements showed
negligible changes during leak injection tests. The HRR system does not quantify leak volume
or rate, but provides a continuous measure of resistivity during retrieval as compared to weekly
moisture measurements and provides three-dimensional spatial measurements compared to
measurements indicating conditions within a radius of ~1 ft from a drywell. Furthermore, HRR
senses a much larger volume than a drywell, including beneath a tank. However, HRR is
affected by the presence of steel infrastructure and corrections must be made for such facilities.
Retrieval has not started in A Farm and AX Farm and HRR has not been used for leak detection
monitoring in these farms.
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Figure 3-8. Measurement Ranges of Tank Farm Gamma Detectors

equivalent Cs-137, pCilg

1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08 1.E+09

Nal

Green GM

Notes:
Nal:

Green GM:
Red GM:
SGLS:

HRLS:
RAS-L:
RAS-M:
RAS-S:
RMS:

Sodium iodide or scintillation detector used to measure total gamma in lower activity wells

Geiger Mueller tube used to measure moderate gamma activity.

Geiger Mueller tube used to measure high gamma activity

Spectral gamma logging system, uses a high purity germanium detector to measure gamma energy spectra for separate gamma
radionuclides (i.e., 3’Cs, ®Co, 3*Eu, 2*8U)

High rate logging system, uses shielding to investigate gamma activity too intense for the spectral gamma logging system.
Radionuclide Assessment System — large Nal detector

Radionuclide Assessment System — medium Nal detector

Radionuclide Assessment System — small Nal detector

Radionuclide monitoring system (not used at Hanford)
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