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Acronyms
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bgs below ground surface
Btu British thermal unit
cal calories
Ci curies
cfm cubic feet per minute
cm centimeter
c/m counts per minute
CoC contaminant of concern
c/s or cps counts per second
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CwW cladding (or coating) removal waste
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ECN engineering change notice
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H or hr hour
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HS Hot Semiworks building 201-C
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1X ion exchange
kCi kilocuries
kg kilogram
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lbs pounds
MW Metal waste; high-level waste containing fission products and uranium derived from
reprocessing spent nuclear fuel using the bismuth phosphate process
ORNL Oak Ridge National Laboratory
OWW organic wash waste
Pl PUREX HLW supernate also referred to as PSN waste type
pCi pico-curies
PNNL Pacific Northwest National Laboratory
PSN PUREX supernate neutralized also referred to as P1 waste type
PSS PUREX sludge supernate
PUREX Plutonium Uranium Extraction
r or rad radiation absorbed dose
RSN REDOX neutralized supernate
SIM Soil Inventory Model
SGE Surface Geophysical Exploration
SS8T single-shell tank
TBP Tri-Butyl Phosphate
TFeCN tank farm ferrocyanide waste
TWINS Tank Waste Information Network System
UPR Unplanned Release
UR Uranium Recovery waste, same as TBP waste
W watts
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Executive Summary

CH2M HILL Hanford Group Inc. developed jointly with DOE-ORP and Washington
Department of Ecology (Ecology) a process to re-assess selected tank leak estimates (volumes
and inventories) and to update single-shell tank (SST) leak and unplanned releases (UPRs)
volumes, and inventory estimates as emergent field data is obtained (RPP-32681, 2007, Process
to Estimate Tank Farm Vadose Zone Inventories). This process does not represent a formal tank
leak assessment in accordance with procedure TFC-ENG-CHEM-D-42, Tank Leak Assessment
Process. The SSTs and UPRs in WMA A and AX, which encompasses the 241-A and 241-AX
Tank Farms, were selected for this re-assessment as documented in this report.

Tank waste loss events were re-assessed for SSTs 241-A-103, 241-A-104, 241-A-105, 241-
AX-102, and 241-AX-104, which have previously been designated as suspected of having leaked
waste to the ground. Table ES-1 summarizes the results of the re-assessment of tank waste loss
events for these five SSTs and provides a comparison to the waste loss estimates contained in
HNF-EP-0182, rev. 238 Waste Tank Summary Report for Month Ending January 31, 2008,
Where known, the estimated volume of waste lost and the waste type can be used to derive an
estimated inventory of constituents using the Hanford Soil Inventory Model, Rev. | (RPP-
26744),

DOE/RL-88-30, rev. 16, 2007, Hanford Site Waste Management Units Report, contains the
official listing of UPRs 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 UPRs
within WMA A and AX not associated with tank waste loss events. No significant new
information was located for these UPRs. However, potentially new UPRs as a result of pipeline
failures were identified through review of the operational histories for these tank farms, as
summarized in Table ES-2. Insufficient information was available to estimate a volume of
inventory of tank waste potentially discharged to the soil from most of the identified pipeline
failures. In general these pipelines leaks would be significantly smaller than the estimated
volume of waste leaked from the tanks.
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Table ES-1. Summary of Tank Waste Loss Events

Tank

Analysis

HNF-EP-0182
Estimate
_ (gallons)

Current
Estimate
_(gallons)

A-103

From October 8, 1981 to March 5, 1987, the liquid level in tank
A-103 was observed to have decreased an estimated 5,500 gallons.
However, the liquid waste level in tank A-103 would also slowly rise
over a period of 9 to 12 months, then drop rapidly over one to two day
period. The liquid level decline may have been due to retained gas
release and not a loss of waste. No increase in radioactivity was
detected in drywells or laterals beneath this tank during these events.
Assessment team members concluded there is no evidence tank A-103
lost containment.

5,500

0

A-104

The Hanford site tank farm contractor in correspondence with the U.S.
Energy Research and Development Administration reported an
estimated waste loss of 700 to 1,500 gallons in July 1975. In
September 1975, the Hanford site tank farm contractor conducted a
study at tank 104-A to re-evaluate the leak size and revised the
estimated leak loss to approximately 2,000 gallons.

The waste type leaked from tank A-104 is PUREX Sludge Supernate
(PSS), containing ~0.56 Ci/gal Cs"’ as of May 2008.

500 to 2,500

2,000

A-105

At least three leak events occurred with tank A-105. PUREX HLW
supernate (P1 waste type) leaked from this tank in late 163 and again
in 1965. During sluicing in 1968 - 1970, B Plant cesium ion exchange
waste (waste type BIX) also leaked form this tank In an effort to better
quantify the inventory of waste leaked from tank A-105, a new
conceptual model was devised to describe the leak. Based on this
conceptual model the range of waste volume leaked from tank A-105
was estimated to be a between 2,000 gallons of P1waste and 40,000
gallons of BIX waste. Estimated leak volumes for the individual
waste type can not be made with currently available information.

10,000 to
277,000"

2,000 to 40,000
plus cooling
water '

AX-102

The assessment team has determined the estimated waste loss of
3,400-gallons from tank 241-AX-102 is inconsistent with the
relatively low level of radiation detected in the leak detection pit and
drywells associated with this tank. The likely source of radioactivity
detected historically in drywells 11-02-11 and 11-02-12 is the leaking
Dresser coupling associated with the tank offgas piping.

3,000

AX-104

It is doubtful that PSS waste leaked from tank 241-AX-104. The
likely source of radioactivity detected historically in drywells 11-04-
01 and 11-04-11 is the leaking Dresser coupling associated with the
tank offgas piping. The source of the historical '"Ru radioactivity
detected in drywells 11-04-08 and 11-04-19 can not be definitively
determined, but could be from migration of contamination associated
with the Dresser coupling leaks or nearby condensate lines which may

have leaked.

indeterminate

" Includes cooling water potentially leaked from tank. HNF-EP-0182 estimates 610,000 gallons of cooling water
were added to tank A-105 from November 1970 to December 1978 to aid in evaporative cooling. Approximately
232,000 gallons of added cooling water are potentially unaccounted for in the estimate of evaporative water. In
accordance with Dangerous Waste Regulations [Washington Administrative Code 173-303-070 (2)(a)(ii), as
amended, Washington State Department of Ecology, 1990, Olympia, Washington], 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.
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1.0 INTRODUCTION

There have been numerous studies and investigations in an attempt to estimate the
inventory of contaminants in the tank farms vadose zone. Most effort to date has focused
on leak volume estimates. Vadose zone inventories are then estimated by multiplying the
leak volume by the contaminant concentration in the leak. This concentration is based on
process knowledge of the composition of waste in the tank at the time the release
occurred. For some major tank leaks and unplanned releases (UPRSs), historical records
confirm the waste loss event and provide a strong technical basis for leak volume and
inventory estimates. However, for many tank leaks and UPRs little data is available.

The Tank Waste Summary Report (HNF-EP-0182) provides the commonly accepted basis
for tank leak volume estimates, but it does not provide associated inventory estimates or
UPR volumes. Tank leak volume estimates reported in HNF-EP-0182 have not been
updated for many years. The Tank Farm Vadose Zone Contamination Estimates (RPP-
23405) summarizes vadose zone tank leak characterization and investigations. It is
consistent with many of the tank leak volume estimates listed in HNF-EP-0182 and
provides UPR volume estimates. However, RPP-23405 shows large differences in
estimated leak volumes, both higher and lower, compared to some tank leak volume
estimates in HNF-EP-0182. The RPP-23405 volume estimates were used in the Hanford
Soil Inventory Model, Rev. I (SIM) (RPP-26744) to estimate leak inventories for the
Initial Single-Shell Tank System Performance Assessment for the Hanford Site
(DOE/ORP-2005-01). RPP-23405 does not address volume uncertainties and some of
the leak volume estimates, data interpretations, and conclusions presented in RPP-23405
are in question.

CH2M HILL Hanford Group Inc. developed jointly with DOE-ORP and Washington
Department of Ecology (Ecology) a process to re-assess selected tank leak estimates
(volumes and inventories) and to update tank leak and UPR volumes, and inventory
estimates as emergent field data is obtained (RPP-32681, 2007, Process to Estimate Tank
Farm Vadose Zone Inventories). 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 the results of applying the process described
in RPP-32681 for re-assessing UPRs and tank leak estimates for single-shell tanks (SSTs)
in the 241-A and 241-AX tank farms. This revision of this report contains the
re-assessment for SSTs 241-A-103, 241-A-104, 241-A-105, 241-AX-102 and 241-AX-
104, as well as UPRs within these tank farms.
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2.0 BACKGROUND

Approximately 53 million gallons of radioactive waste from chemical processing and
plutonium processing operations are stored in 177 underground storage tanks on the
Hanford Site. Of these, 149 are SSTs, which consist of a single steel liner inside a
concrete shell. Nominal capacities range from 55,000 to 1,000,000 gallons. For the
immediate future, plans call for retrieval of waste from the SSTs and transfer to the 28
double-shell tanks (DST), with eventual transfer for treatment in the Waste Treatment
and Immobilization Plant.

Sixty-seven of 149 SSTs have been identified as “confirmed or suspected leakers” over
the operational lifetime (1945 - 1980) of the SST farms (HNF-EP-0182). Historically,
SST integrity was assessed by two independent methods. From the beginning of Hanford
Site tank farm operations, the primary leak detection system was routine monitoring of
liquid-surface levels within each tank. Originally liquid levels were measured using
pneumatic dip tubes (HW-10475-C, Hanford Technical Manual Section C page 908).
This practice was later replaced and a manual tape with a conductivity electrode was used
to detect the liquid surface (H-2-2257, 1951, Conductor Reel for Liquid Level
Measurement). The biggest limitations of the manual tape measurements were failures of
the electrodes, solids forming on the electrode and measurement precision. The statistical
accuracy of the manual tape and electrode measurement technique was 0.75 in. (~2,060
gallons), as determined in July 1955 (HW-51026, 1957 page 4, Leak Detection —
Underground Storage Tanks, General Electric Company, Richland WA). Later, liquid-
level determinations were automated in many of the SSTs to provide more accurate and
reliable measurements. However, surface-level measurements remain highly uncertain in
the waste tanks that contained boiling wastes (e.g. 241-A, 241-AX, and 241-8X tank
farms), when supernatant has been removed from tanks leaving solids or precipitated
salts, or where solid crusts have formed on the waste surfaces.

Routine monitoring of gross gamma activity in drywells near the SSTs provided a
secondary leak detection method. For 241-A SSTs and some 241-SX SSTs, laterals were
installed approximately 10-ft beneath the tank bottom for gross gamma monitoring
beneath these tanks. Additionally, the four 241-AX SSTs were uniquely equipped among
the SSTs with a network of drain slots in the concrete base beneath the steel tank liner.
These drain slots were intended to channel liquid from beneath the steel tank liner to a
60-ft deep leak detection pit; one pit per tank. As with the tank waste surface-level
measurements, there are uncertainties associated with these secondary leak detection
methods. Three sources of uncertainty are as follows:

1. Number and location of wells / laterals / leak detection pits: There were rarely more
than 6 drywells surrounding the 100-series SSTs (circumference approximately 235
ft). With the exception of tank SX-113 which has five laterals, there are 3 laterals
beneath tanks SX-105 thru SX-115 and 241-A-101 thru 241-A-106. The location and
number of laterals did not represent full coverage beneath these SSTs. Similarly, the
leak detection pits only collect leakage from the bottom area of the 241-AX tanks and
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not the side walls. Consequently, the absence of gamma activity in a well, lateral, or
leak detection pit does not necessarily indicate that a tank did not leak.

2. Waste type: The overall effectiveness of gross gamma logging in drywells as a leak
detection system depends on the waste type in the tank. The gross gamma logging
system is most effective with waste types containing high concentrations (activities)
of mobile gamma emitting radionuclides (e.g. Ru-106 or Co-60) and large releases
and less effective with low-activity waste types such as aluminum cladding waste.

3. Other contamination sources: Gamma activity observed in drywells may also have
originated from near-surface waste loss events, transfer line leaks, and tank overfills.

During the active operation of the SST farms, either an anomalous liquid-level
measurement or a significant increase in gamma activity in a drywell, lateral, or leak
detection pit was generally sufficient reason for the tank to be listed as “questionable
integrity” or an “assumed leaker” as discussed in SD-WM-TI-356, Waste Storage Tank
Status and Leak Detection Criteria. When a tank was designated as “questionable
integrity” it was pumped to a “minimum heel” and taken out of service. In a limited
number of cases the “questionable integrity” designation was followed up with additional
investigations. However, in many cases no additional investigations were performed. In
the late 1980s, all SSTs that had been flagged as potential or known leakers were
combined into the list contained in the monthly waste tank summary report (HNF-EP-
0182) and flagged as “confirmed or assumed leakers.” Because of the uncertainty
associated with the measurements, unexplained waste level decreases were generally
considered as an inadequate basis for designating a tank as a “confirmed leaker.” The
“confirmed leaker” designation required an observed waste level decrease combined with
increasing gamma activity in a nearby drywell. The “assumed leaker” designation could
be assigned based on either measurement (an observed waste level decrease or increasing
gamma activity in a nearby drywell), without confirmation from the other measurement.

The uncertainties, associated with both the primary and secondary leak detection systems
for the SSTs, led to a number of decisions. By the early 1960s, decisions were made to
move from the single-shell tanks to the double-shell tank design. The double-shell design
provided both secondary containment and reliable leak detection systems. A decision
was also made to pump liquids stored in the SSTs into the DSTs to remove pumpable
liquid and interim stabilize the SSTs.
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3.0 SCOPE AND CRITERIA

An assessment team comprised of representatives from DOE-ORP, Ecology, and CH2M
HILL Hanford Group, Inc. was assembled to review available information relating to
waste loss events in the 241-A and 241-AX Tank Farms. The assessment team

membership is listed in Table 3-1.

APPENDIX A MEETING SUMMARIES.

Minutes from team meetings are included in

Table 3-1 WASTE LOSS EVENT ASSESSMENT TEAM

Name

Organization

Role

Joe Caggiano

Washington State Department of
Ecology

Regulatory oversight

Michael Connelly

CH2M HILL Hanford Group Inc.

Knowledge and experience in
reviewing, analyzing, and
interpreting drywell, lateral
survey, and High Resolution
Resistivity (HRR) data.

Jim Field

CH2M HILL Hanford Group Inc.

Contractor manager for process

Knowledge and experience in
reviewing, analyzing, and
interpreting in-tank (i.e., surface
liquid level and liquid
observation well} data.

Les Fort

Washington State Department of
Ecology

Regulatory oversight

Michael E. Johnson

CH2M HILL Hanford Group Inc.

Knowledge and experience with
operations of the tank farm and
individual tank, tank history, tank
waste characteristics, and in-tank
processes.

Bob W. Lober U.S. Department of Energy Tank Farms Programs and Project
(did not attend meetings) Office of River Protection Division representative
Beth Rochette Washington State Department of | Regulatory oversight

Ecology

{primary interest in UPRs and
direct exposure pathway)

Marcus 1. Wood

Fluor Hanford

Knowledge and experience in
reviewing, analyzing, and
interpreting drywell and
groundwater monitoring data.
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In accordance with RPP-32681, the following steps were conducted in reassessing waste
losses within the 241-A and 241-AX Tank Farms:

e Data regarding any waste leaks from ancillary equipment in the area of the facility
being reassessed are collected, as well as any reported unplanned releases (UPRs).

e Data regarding any past or present waste leaks from tanks, as well as any reported
UPRs, are collected, and collated with any reported ancillary equipment waste
leaks.

e All of the information from previously reported waste tank leaks and UPRs are
compiled to determine the best estimation of the volumes of tank waste which
leaked to the vadose zone and the time at which these leaks occurred.

¢ Data regarding the waste composition at the time of the leak from the waste tank,
ancillary equipment or UPR is compiled from the available sources, such as Tank
Waste Information System Best Basis Inventory, Hanford Defined Waste model
etc., and is applied to the facility being reassessed.

e The waste leak volume estimates are combined with the waste compositions at the
time of leak to determine the best estimation of the radionuclide and chemical
inventory which entered the soil.

40  REASSESSMENT 241-A AND 241-AX TANK FARMS WASTE LOSS
EVENTS

The information gathered and the reassessment results for each of the SSTs and UPRs in
the 241-A and 241-AX Tank Farms are discussed in this section. Several processes were
conducted at the Hanford site that generated wastes transferred to the 241-A and 241-AX
Tank Farms. These processes and the waste types generated are discussed in the
Standard Inventories of Chemicals and Radionuclides in Hanford Tank Wastes (HINF-
SD-WM-TI-740).

4.1 241-A Tank Farm

The 241-A tanks were designed for the storage of boiling waste generated from irradiated
tuel 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. These unique design features are discussed further in section 4.1.1.
An understanding of the 241-A tank design features aides in the discussion of the
historical waste loss events associated with tanks 241-A-103 (section 4.2), 241-A-104
(section 4.3) and 241-A-105 (section 4.4), as well as the unplanned waste release events
in the 241-A and 241-AX Tank Farms (section 4.8).
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4.1.1 241-A Tank Design Features

The 241-A Tank Farm contain respectively six nominally 1,000,000 gallon capacity
SSTs, as shown in Figure 4-1 (H-2-31880). 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-inch 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.

Figure 4-1 241-A Tank Showing Laterals
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The 241-A tanks were originally designed to contain liquid and solid wastes at a
maximum temperature of 280°F (RPP-10435 page A-42). Afler installation of airlift
circulators, the operating temperature limit was revised to a maximum of 300°F at the
tank bottom (RPP-10435 page A-54). Wastes at higher temperatures could cause
buckling of the steel liner and/or structural damage to the concrete shell.

Beneath each of the tanks in the 241-A Tank Farm, three horizontal lateral pipes were
installed in 1962 — 1963. These laterals were installed after waste leakage from tank 241-
SX-113 was suspected in 1958 and confirmed in 1962. Each lateral is approximately 10-
ft beneath the tank concrete foundation. These laterals are 4-inch outer diameter,
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schedule 40 seamless 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.

The 241-A tanks were vented to an underground vessel ventilation header that connected
to 241-AX tank farm and later to the 241-AY tank farm. The purpose of this ventilation
header was to remove offgas 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 1980’s.

Figure 4-2 Location of Drywells and Laterals in 241-A Farm
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The design of this ventilation header included a baffled, 20-inch diameter pipe inside
each 241-A tank. The 20-inch diameter pipe that exits the tank is connected to a 24-inch
diameter, stainless steel pipe header that is buried a minimum of 4-ft below grade. The
24-inch header ran between the tanks to the 241-A-431 ventilation building. Dresser
couplings (see Figure 4-3) 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-inch diameter pipe from each tank to the 24-inch main vapor header. The
couplings provide for expansion and contraction of the vapor header pipe segments.
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Figure 4-3 Typical Dresser Coupling

MIDDLE RING

Style 38 and Style 40
Coupling Gasket
cross section,

ELLIPTICAL
BOLT HOLE

TRACKHEAD
BOLT GASKET RECESS

4.2 Tank 241-A-103 Waste Loss Event
4.2.1 241-A-103 Operating Summary

SST 241-A-103 (A-103) was constructed in 1955, but remained empty until May 1956.
In May 1956, tank A-103 received 72,000 gallons of organic wash waste from the 202-A
PUREX Plant (HW-43420 page 8). Then in June 1956, tank A-103 received 99,000
gallons of HLW supernate (P1 waste type) from the PUREX Plant (HW-43895 page 8).
The waste temperature reached boiling (102°C) on June 25, 1956 (HW-44506 page 9).

Mild pressure surges were reported to have occurred in tank A-103 as early as July 1956
(HW-44580 page Fc-13), when boiling first started. Three consecutive bumps occurred
in tank A-103 in September 1956, which blew the by-pass seal pot water seal (60 inches)
and forced steam directly out the tank farm stack. The air-lift circulators were stated in
the tank to prevent reoccurrence of this event (HW-45707 page J-7).

Tank A-103 continued to receive PUREX HLW, periodic additions of water and organic
wash waste through July 1960 (HW-66557 page 8) to maintain the volume of self-
concentrating waste at approximately 500,000 gallons in this tank. No waste additions
were reported for 1961.

Approximately 330,000 gallons of PUREX HLW supernate were transferred from tank

A-103 to tank A-105 in May1962 and additional 180,000 gallons were transferred in July
1962 (ARH-78 page 8). These transfers were made in order to demonstrate sludge
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sluicing capability in tank A-103. Water was then added to tank A-103 to soften the
sludge and the sludge was sluiced to tank A-102 from March 1964 (HW-81620 page G-2)
through November 17, 1964 (RL-SEP-112 page B-2).

Tank A-103 then received waste from the 244-CR vault, tank C-103, and PUREX
organic wash waste in 1965 and 1966. The supernate in tank A-103 was transferred to
tank 101-A in March and April 1966 (ISO-75 page 53 and 70) to flush the tank. A new
sluicer was installed in tank A-103 in May 1966 (ISO-75 page 85) and sluicing was again
conducted intermittently between October 20, 1966 (ISO-75 page 174).and February 16,
1967 (ISO-651 page 30) to prepare tank A-103 to receive sludge sturry from tank A-105
sluicing. Following completion of sluicing, the sludge and supernate volumes in tank
A-103 were reported as 0 and 55,000 respectively as of March 31, 1967 (ISO-806 page
8). The sludge volume was later revised in December 31, 1967 to 22,000 gallons (ARH-
326 page 9).

From February 1968 through November 1968, tank A-103 was used to receive the
PUREX HLW supernate from tank A-105, subsequent flushes of tank A-105 with cesium
denuded ion exchange waste, and sludge sluiced from tank A-105 (Interoffice Memo
7G420-06-004). Supernates collected in tank A-103 were periodically transferred to
other single-shell tanks (e.g. AX-102, A-101, and A-102). Tank A-103 received sludge
from a second sluicing campaign conducted in tank A-105 on July 31 — August 1, 1969
(ARH-1023-3-DEL pages 33-34) and August 25 — November 18, 1970 (Interoffice
Memo 7G420-06-005), as described further in section 4.4.1.

The sludge slurry collected in tank A-103 from the second tank A-105 sluicing campaign
was allowed to settle. Approximately 302,000 gallons of supernate were eventually
transferred to tank C-105 in the second quarter of calendar year (CY) 1972, leaving
244,000 gallons of supernate and 102,000 gallons of sludge in tank A-103 (ARH-2456 B
page 9). Supernates collected in tank C-105 were transferred to B Plant for cesium ion
exchange processing,

Tank A-103 was next used in the second quarter of CY 1973 to receive ~19,000 gallons
of sludge slurry from sluicing tank A-102 (ARH-2794 B page 9). Tank A-103 then
received 71,000 gallons of waste from B Plant in the fourth quarter of CY 1973 (ARH-
2794 D page 9). Approximately 244,000 gallons of supernate were transferred from tank
A-103 to tank A-104 in the first quarter of CY 1974, leaving 125,000 gallons of
supernate and 102,000 gallons of sludge in tank A-103 (ARH-CD-133 A page 9). This
later transfer was conducted to prepare for sluicing in tank A-103. The sludge in tank A-
103 was sluiced to 244-AR Vault beginning in the first quarter of CY 1974 (ARH-CD-
133 A page 9) and completed in September 1974 (SD-WM-TI-302 page 166).

Tank A-103 was used to collect PUREX Sludge Supernate (PSS) from various single-
shell tanks and B Plant waste in the fourth quarter CY 1974 (ARH-CD-133 D page 9)
through first quarter CY 1976 (ARH-CD-702 A page 9). The PSS waste was generated
from washing sludges either in 244-AR Vault or in a single-shell tank, then decanting the
supernates, which was identified as PSS waste. Approximately 920,000 gallons of
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supernate in tank A-103 were transferred to tank C-104 and 13,000 gallons were
transferred to tank A-106 in the second quarter of CY 1976, leaving 20,000 gallons of
supernate and 16,000 gallons of sludge in tank A-103 (ARH-CD-702 B page 9).

The removal of supernate from tank A-103 was in preparation for a final sluicing of the
sludge in this tank. From October 13, 1976 (ARH-LD-222 B page 13) through early
December 1976 (ARH-LD-224 B page 11) the sludge in tank A-103 was sluiced to tank
A-106 (SD-WM-TI-302 page 166). This final sluicing in tank A-103 was conducted to
prepare the tank to receive saltcake from operation of the 242-A Evaporator. Tank A-103
was reported to contain 2,080 gallons of sludge following completion of this last sluicing
campaign (SD-WM-TI-302 page 166).

The 242-A Evaporator was operated using tank A-103 as a slurry receiver and feed tank
from early 1977 through April 1980 (RHO-CD-80-1045 5 page 8). Tank A-103 received
double-shell slurry feed (DSSF) and concentrated complexed (CC) waste during this
period. Various reports of liquid level decline occurred in 1977 (IDMS Accession
#D194052856), 1978 (IDMS Accession #12194035034), and 1979 (IDMS Accession
#D194053459), which were attributed the properties of the DSSF and CC wastes; namely
foam, irregular waste surface, slurry growth and collapse (i.e. gas retention and release).
No activity was detected in the three laterals and drywells associated with tank A-103
during these events, indicating no leakage of waste. After adding the last batch of DSSF
to tank A-103 in March — April 1980 (RHO-CD-80-1045 5), there was a reported liquid
level decrease from 193.4 inches (533,807 gallons) to 190.1 inches (524,698 gallons) in
tank A-103 that occurred on September 4, 1980 over 11-hours (IDMS Accession
#D197183104). The cause of this liquid level decrease was attributed to mixing of
dissimilar solids within the tank and a net volume decrease. In tank photographs revealed
foam and floating yellow masses and a definite decline in liquid level. Tank temperature
data indicated a mixing of the bottom and upper layers of solids within tank A-103.
Again, there was no activity detected in the laterals or the drywells, indicating tank A-103
was not leaking waste (IDMS Accession #D196215974).

No further waste additions to tank A-103 occurred after these 242-A Evaporator
campaigns. However, supernate was removed from tank A-103 as a result of a perceived
tank leak, as discussed in section 4.2.2.

4.2.2 Tank A-103 Waste Loss Estimate

Tank A-103 was deactivated in August 1980 as part of the program to replace the older
single-shell tanks with the newer double-shell tanks. Pumpable supernate was removed
to reduce the supernate level. Active monitoring of the waste within tank A-103
continued, but no waste additions were allowed. Over a span of approximately 5.5 years
(October 8, 1981 to March 5, 1987), the liquid level in tank A-103 was observed to have
decreased from 187.5 inches (517,520 gallons) to 184 inches (507,860 gallons). As of
March 5, 1987, tank A-103 contained an estimated 8,800 gallons of supernate, 208,000
gallons of drainable interstitial liquid, and 499,000 gallons of solids. Since in-tank
photographs showed the Food Instruments Corporation (FIC) plummet for measuring the
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waste surface was contacting liquid, this raised questions as to the integrity of this tank
(EPDR 87-02).

An investigation into the integrity of tank A-103 was conducted in May 1987 by the tank
farm contractor, following the procedures and rules for other tank integrity assessments
documented in RHO-CD-1193 (Internal Letter 65000-WWS-87-033). A tank integrity
assessment panel was formed consisting of the senior scientist and individuals
representing process engineering, tank farms operations, health physics, and process
technology. The tank A-103 integrity assessment panel reviewed information that
suppotts the liquid level decline observed in tank A-103 was attributable to retained gas
release. Core samples obtained from tank A-103 in April 1986 showed no interstitial
liquid and were laced with air pockets or void spaces large enough to be clearly visible in
photographs (IDMS Accession # D196165963). Also slurry growth and collapse,
resulting from gas retention and release, had also been observed in the waste stored in
tank A-103. The liquid waste level in tank A-103 would slowly rise over a period of 9 to
12 months, then drop rapidly over one to two day period (Internal Letter 65950-87-291).

Three out of the five members of the 1987 tank integrity assessment panel stated at 95%
confidence level that tank A-103 was sound, the liquid level fluctuations (both increases
and decreases) were attributable to waste properties, and additional study of this
phenomenon should be conducted. The other two panel members stated there was
inconclusive evidence to relate the liquid level fluctuations to some waste phenomena,
The assessment panel concluded tank A-103 should be classified as an assumed leaker,
although there was no increase in activity detected in the laterals or drywells associated
with this tank. The volume of waste leaked from tank A-103 was estimated as between 0
to 5,500 gallons, with the variability in the leak volume due to uncertainty whether the
tank actually leaked (IDMS Accession # D199126708). Pumping of interstitial liquid
and supernate from tank A-103 was started on May 16, 1987 and completed on May 24,
1987. A total of 111,000 gallons of liquid waste were removed from tank A-103 to
stabilize this tank (HNF-SD-RE-TI-178 page 15 -18).

The phenomenon of retained gas release has also been observed in other tanks (c.g. SY-
101, SY-103, AW-101, AN-103, AN-104, and AN-105) and is now referred to as
buoyant displacement gas release events (BDGRE). During the 1990s, significant
technical work was performed to understand the BDGRE behavior. The current tank farm
safety basis relies upon a process developed from the culmination of this work to
categorize waste tanks for BDGRE hazard. The process is described in Methodology and
Calculations for the Assignment of Waste Groups for the Large Underground Waste
Storage Tanks at the Hanford Site (RPP-10006). However, the BDGRE process and
mechanisms were not understood in 1987 when the integrity investigation for tank A-103
was conducted. Therefore, a mechanism does exist that could explain the liquid level
fluctuations observed in tank A-103. The 1987 tank integrity assessment panel’s
recommendation to classify this tank as an assumed leaker may have been incorrect.

Spectral gamma data for several drywells (10-03-01, 10-03-05, 10-03-07, 10-02-03, and
10-03-11) around tank A-103 measure small amounts of Cs'*’ (about 0.1 pCi/g) at 80 ft
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bgs and below, which is thought to be associated with drag-down of contamination when
the well depths were extended (RPP-35484 page 2-11). Gross gamma logging of the
laterals beneath tank A-103 was conducted in March 2005 and also shows only small
amounts of Cs'* (less than 10 pCi/g) beneath the tank (RPP-RPT-27605 pages B-4 thru
B-9). The gamma loggings do not shown any evidence of waste loss from tank A-103.
The interstitial liquid in tank A-103 was sampled in April 1986 and results for Cs"*’ were
an average of 3.97E+05 pCi/ml (SD-WM-TI-198). If tank A-103 had leaked 5,500
gallons, then about 8,260 Ci of Cs"7 (as of April 1986) would have leaked to the soil.
The gamma loggings do not shown any evidence of waste loss from tank A-103 and

certainly not this level of Cs" in the laterals or drywells.

Another notable liquid level decline in tank A-103 was reported on November 16, 1987,
The liquid level declined from a reference of 143.4 inches to 140.6 inches during a three
day period. However, the FIC liquid level monitor readings fluctuated up and down
between 143 inches to 140.6 inches during this time frame (Vermeulen 1987). Inspection
of photographs taken inside tank A-103 on December 28, 1988 showed that the FIC
plummet was contacting dry solids in a deep depression of multiple elevations, leading to
erratic readings (Baumhardt 1989). Therefore, no waste loss from tank A-103 is
associated with this event.

4.2.3 A-103 Conclusions

The assessment team members concluded that based on available information, there is no
evidence tank A-103 lost containment and no leak volume or inventory was assigned to
this tank.

4.3 Tank 241-A-104 Waste Loss Event
4.3.1 241-A-104 Operating Summary

SST 241-A-104 (A-104) was constructed in 1955, but remained empty until 1957. In
June 1957, 17,000 gallons of “test water” were added to the tank (HW-51348 page 8).
The purpose of this test water and the source were not located in available records. The
monthly waste status summary reports recorded the volume of test water in SST A-104
varied from 17,000 gallons to 36,000 gallons from June 1957 through July 1958. No
explanation was located in the available records for the reported changes in the test water
volume in SST A-104, but the variations could be due to calibrating instruments, addition
of test water to the tank, or testing transfer systems.

In August 1958, SST A-104 received 20,000 gallons of HLW supernate (P1 waste type)
from the 202-A PUREX Plant (HW-57550 page 8). Self concentration of waste in SST
A-104 was reported to have started in August 1959 (HW-61952 page 8), which enabled
additional P1 waste to be periodically transferred into SST A-104 from January 1959
through December 1961. Organic wash waste (OW W) from the PUREX Plant was also
reported to have been transferred to SST A-104 during 1960 through March 1968 (IDMS
Accession #D197260431 and ARH-534 page 9). The OWW was self concentrated (i.e.
evaporated) in the tank. The peak temperature reported for SST A-104 was 225°C
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(437°F) on February 16, 1963, but was quickly reduced to below 340°F by adding OWW
to the tank to increase liquid level (IDMS Accession #D197260431 and RHO-CD-1172
page B-4). The waste volume in tank A-104 was generally maintained at less than
980,000 gallons during self concentration of wastes.

In the first and second quarters of 1969, a total of 669,000 gallons of the OWW / P1
supernate was transferred from SST A-104 to SST C-105 (ARH-1200 A page 10 and
ARH-1200 B page 10), leaving approximately 171,000 gallons of solids and 69,000
gallons of supernate in SST A-104. Sluicing of the solids from tank A-104 to tank A-106
was conducted from May 12, 1969 (ARH-1200 B page 10) through October 1969 (ARH-
1200 D page 10). An estimated 3,000 gallons of solids remained in SST A-104 following
sluicing. The tank was refilled with 957,000 gallons of water for a leak test to confirm
integrity and the tank was declared a spare (ARH-1200 D page 10). The supernate
temperature in SST A-104 was reported as approximately 120°F following refilling the
tank with water (RHO-CD-1172 page B-14). No additional temperature data for SST
A-104 was found for the period of December 1969 through August 1974.

No waste transfer activity was reported again for SST A-104 until 1972. However, the
supernate volume in SST A-104 decreased from 957,000 gallons in October 1969 to
approximately 259,000 gallons in January 1972 (ARH-2456 A page 9). A tube bundle
heat exchanger (200,000 Btu/hr) was reported to be installed in SST A-104 (drawing H-
2-35091) and removed in September 1974 (IDMS Accession #13194052941), which may
explain the liquid level decrease.

Approximately 132,000 gallons of water was transferred from SST A-104 in the first and
second quarters of calendar year 1972 (ARH-2456 A page 9 and ARH-2456 B page 9).
Then, SST A-104 was used to receive PUREX Sludge Supernate (PSS waste type) from
244-AR Vault from the third quarter of calendar year 1972 (ARH-2456 C page 9)
through the second quarter of calendar year 1974 (ARH-CD-133 B page 9). SST A-104
also received B Plant strontium solvent extraction waste (waste type B) in the fourth
quarter of calendar year 1972 (ARH-2456 D page 9, first quarter of 1974 (ARH-CD-133
A page 9), and water from SST A-103 in first quarter of 1974. Excess supernate was
periodically transferred to other SST in 241-AX tank farm.

The PSS waste type contained PUREX sludge solids that did not rapidly settle in the
relatively small tank 004 in 244-AR Vault and were transferred to the much larger SST
A-104 for settling. A total of approximately 80,000 gallons of PUREX sludge solids and
726,000 gallons of PSS were present in SST A-104 in third quarter of calendar year 1974
(ARH-CD-133 B page 9).

Sluicing of the accumulated solids in SST A-104 to the 244-AR Vault was started in
September 1974 and was halted April 7, 1975, due to an increase in the radiation detected
in lateral no. 2 beneath the tank. The location of the peak activity detected in lateral no. 2
(center lateral) was ... approximately 18-ft in from the northwest edge of the tank™ and
... On swing shift of April 8, 1975, a second radiation peak was observed in the same
lateral and an adjacent lateral [lateral no. 1], located, located approximately 13 feet in

Page 24



RPP-ENV-37956 Rev. 1

from the southeast edge of the tank” (IDMS Accession #D194052989 page 27). Gross
gamma scans of drywells 10-04-01, 10-04-04, 10-04-05, 10-04-07, 10-04-08, 10-04-10,
and 10-04-12 did not indicate activity about background. The locations and dates of high
peak gamma activity readings in the laterals are shown in Figure 4-4 (ARH-1.D-120 page
123). SST A-104 contained 65,000 gallons of waste, including an estimated 25,000
gallons of sludge when the activity was detected in the laterals. Approximately 46,700
gallons of supernate were pumped from tank A-104 from April 9 thru April 19, 1975 to
remove the supernate (IDMS Accession #D194052989).

Figure 4-4 Location of Peak Readings in Tank A-104 Laterals

10-04-12 3

e

Gross gamma logging of lateral 14-04-01 (lateral no. 1) and 14-04-02 (lateral no. 2),
shown in Figure 4-5 and Figure 4-6, were conducted in April 2005 to access the extent of
contamination present beneath tank A-104 (RPP-RPT-27605 pages B-11 and B-13).

The historical gross gamma profiles for laterals 14-04-01, 14-04-02, and 14-04-03 (RPP-
35484 page 3-91) indicate that the contaminant or contaminants emitting this radiation
were relatively short-lived (e.g., ruthenium-106, cerium-144). The April 2005 surveys on
laterals 14-04-01 and 14-04-02 registered no zones of elevated radiation levels.

Currently, few radionuclides are still measurable (e.g., Cs"’, Co®™). RPP-35484 page 3-
91 concludes “The lack of cesium-137 at the laterals may indicate a substantially smaller
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leak than the ones at tank A-105, if the waste stream compositions were similar.
Alternately, the waste present in tank A-104 may have contained a less cesium-137 rich

waste stream in 19757,

Figure 4-5 Gamma Survey for Lateral 14-04-01L
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Figure 4-6 Gamma Survey for Lateral 14-04-02L
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4.3.2 Tank A-104 Waste Loss Estimate

HNF-EP-0182, rev. 237, Waste Status Summary Report for Month Ending December 31,
2007, estimates between 500 to 2,500 gallons of waste was loss from SST A-104 in 1978.
The basis for this estimate is cited as PNL-4688, Assessment of Single-Shell Tank
Residual Liquid Issues. Section 3.1.3.1 of PNL-4688 discusses past leaks from SSTs as
of May 1982 and provides a table summarizing estimated leak volume by each tank.
PNL-4688 references RHO-RE-SR-14-May 1982, Waste Status Summary May 1982, as
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the source identifying leaking SSTs and states the estimated waste leaked from SST
A-104 is 2,500 gallons. RHO-RE-SR-14-May 1982 identifies SSTs that were
categorized as having leaked waste, but does NOT list the volume of waste leaked from
any of these SSTs. PNL-4688 provides no other basis for the estimated waste loss from
SST A-104.

The first time estimates for waste losses from SSTs appear in a monthly waste status
summary report is in September 1983 (RHO-RE-SR-14-September 1983 page 28). The
reported estimated waste loss from SST A-104 is less than 1,500 gallons. The estimated
waste loss from SST A-104 reported in RHO-RE-SR-14-September 1983 is consistent
with the estimated waste loss of 700 to 1,500 gallons reported in July 1975 by the
Hanford site contractor in correspondence with the U.S. Energy Research and
Development Administration (Burton 1975). Furthermore, the tank farm contractor’s
monthly report for June 1975 also reports the estimated waste loss from SST A-104 as
700 to 1,500 gallons containing 840 to 1,800 curies of Cs"™’ (ARH-LD-206 B page 10).
This equates to 1.2 Ci/gal Cs' as of June 1975 or 0.56 Ci/gal as of May 2008.

In September 1975 Atlantic Richfield Hanford Company (tank farm contractor)
conducted a study at tank 104-A to re-evaluate the leak size and note the behavior of the
leak plume with respect to the subsurface geology. A series of isotopic and directional
gamma readings were taken in three horizontal monitoring laterals three meters below
tank A-104 at the time of the leak and again about three months after the leak was
confirmed. “From the initial readings, conclusions based on the initial data are: (1) The
leak plumes were in the shape of hemiprolate spheroids; the predominant isotope was
196R, with trace clements 'Cs and ®°Co; and the '°°Ru concentration profile and shape
of the leak plumes established the size of the leak to be approximately 2,000 gallons”
(ARH-LD-209 B page 34).

The tank farm contractor’s monthly report for June 1975 indicates all pumpable liquid
was removed from SST A-104 and an exhauster connected to remove all remaining liquid
via evaporation (ARH-LD-206 B page 10). ARHCO reported in July 1975 that an
estimated 7,000 gallons of liquid was removed from SST A-104 as a result of operation
of the connected exhauster (Burton 1975). Photographs of the tank interior taken on May
29, 1975 were reported to show approximately 9 inches of sludge, “... no evidence of any
surface liquid and the exposed sludge appears to be severely checked which indicates a
dry condition” (ARH-LD-206 B page 10). Additional photographs of the interior of SST
A-104 were obtained on June 25, 1975. These photographs “... indicate the sludge is
definitely drying (no visible pools of liquid and a surface of cracked solids) due to
operation of a portable exhauster” (ARH-LD-207 B page 10).

4.3.3 A-104 Conclusions

Based on the information above, it appears the estimated waste loss from SST A-104
reported in PNL-4688 and HNF-EP-0182, rev. 238 (i.e. 500 to 2,500 gallons) is incorrect.
The estimated waste loss from SST A-104 should be ~2,000 gallons. The waste type
leaked from tank A-104 is PUREX Sludge Supernate (PSS), containing ~0.56 Ci/gal
Cs"" as of May 2008. The waste type and estimated leak volumes are consistent with
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those used in RPP-26744, Soil Inventory Model Rev. I and the field investigation analysis
in RPP-35484.

4.4 Tank 241-A-105 Waste Loss Event
4.4.1 241-A-105 Operating Summary

The operational history for tank A-105 is summarized from Interoffice Memo 7G420-06-
004, Interoffice Memo 7G420-06-005, and DOE/ORP-2008-01. The reader is referred to
these references for further details.

Tank A-105 initially sat unused from finish of construction in 1957 until May 1962,
Aged’ PUREX HLW supernate was first added to this tank from tank A-103 in May
1962. Additional aged PUREX HLW supernate was added to tank A-105 from tank
A-102 in December 1962. Then the contents of tank A-105 were pumped to tanks C-103
and A-101 in January 1963, leaving a 10-inch (~27,600 gallons) heel of waste in tank
A-105. Thermally hot condensate was added to tank A-105 to heat the tank in
preparation to receive HLW from the 202-A PUREX Plant.

Beginning in February 1963, tank A-105 began to receive HLW directly from the 202-A
PUREX Plant. The PUREX HLW contained significant concentrations of fission
products that resulted in the waste self-boiling. As space became available in tank A-105
as a result of waste evaporation, periodic transfers of PUREX HLW were received until
January 1965, at which time it contained 866,000 gallons of waste. The maximum
reported waste temperature in tank A-105 was approximately 320°F in March 1963, but
generally was controlled to 180°F to 260°F from February 1963 thru March 1965 (RHO-
CD-1173 pages B-39 thru B-45). On November 19, 1963, there are indications that this
tank developed a small leak due to radioactivity detected in lateral 14-05-03 (ARH-78).
Additional waste likely leaked from this tank during a steam expulsion event that
occurred on January 28, 1965 (ARH-78).

On January 28, 1965, tank A-105 experienced a rapid pressurization event that resulted in
the tank liner bulging upward. Radioactivity (250,000 to 350,000 c/m) was detected in
March 1965 in a small area of lateral no. 3 beneath the tank. The activity detected in
lateral no. 3 did not significantly change from March 1965 through January 1968. The
tank liquid level was maintained between 850,000 to 887,000 gallons through January
1968 by addition of water. As discussed in WHC-MR-0264, radioactivity was also
detected in lateral no. 2 beneath tank A-105 in October 1967.

From February 1968 through August 1968, the supernate in tank A-105 was removed and
the supernate heel diluted through a series of flushes using B Plant cesium ion exchange
supernate (waste type CSR as defined in RPP-26744) in preparation for sluicing the
sludge in this tank (Interoffice Memo 7G420-06-004). The Cs"’ concentration in the
CSR supernate used to flush the HLW supernate in tank A-105 was an average of

? The term “aged” means the short half-life radionuclides had decayed sufficiently that the waste was no
longer self-boiling.
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0.58 Ci/gal, decay corrected to January 2006 (Interoffice Memo 7G420-06-004). The
tank A-105 flush solution was transferred to tank A-103, then tank AX-102 and finally to
B Plant for cesium removal processing.

Following the dilution and flushing of tank A-105 supernate, two sluicing campaigns were
conducted to remove the sludge from tank 241-A-105. The first sluicing campaign,
conducted from August through November 1968, used cesium denuded supernatant derived
from operation of the cesium ion exchange process in the 221-B Plant (Interoffice Memo
7G420-06-004). The Cs"*’ concentration of the sluicing fluid was estimated to be 0.53 Ci/gal
to 0.58 Ci/gal (decay corrected to January 2006). Sluicing of tank 241-A-105 sludge was
halted when little of the remaining sludge could be removed. A hard crust layer atop the
remaining sludge was thought to be responsible for preventing effective sluicing.
Approximately half of the sludge was removed during this first sluicing campaign.

In the second sluicing campaign, 1M sulfuric acid, containing 1500-ppm of the inhibitor,
Rhodine A’, were sprayed onto the top layer of hard sludge in Tank A-105 (Interoffice
Memo 7G420-06-005). Cesium denuded supernatant, generated in the 221-B Plant and
contained in tank 241-A-103, was used as the sluicing fluid. The sludge sluiced from
tank 241-A-105 was transferred into tank 241-A-103. No additional sludge removal
activities in tank 241-A-105 were conducted until August 25, 1970. Inhibited sulfuric
acid was again used in August 25, 1970 to soften the sludge in tank 241-A-105. The
softened sludge was then sluiced using cesium denuded supernatant contained in Tank
241-A-103. The sludge slurry was transferred from Tank 241-A-105 to Tank 241-A-103.
Following the completion of this phase of the sludge removal from Tank 241-A-105,
approximately 33,000 gallons of supernatant and 33,000 gallons of sludge were reported
to remain within this tank. The supernatant contained in Tank 241-A-105 was described
as being a mixture of B Plant cesium ion exchange waste (i.c. cesium denuded ion
exchange waste) and PUREX high-level waste.

The cesium denuded supernatant used to sluice the sludge from Tank 241-A-105 to Tank
241-A-103 was derived from cesium ion exchange processing conducted in 221-B Plant.
Sluicing conducted in July - August 1969, used the same cesium denuded supernatant
solution as was used during the first Tank 241-A-105 sluicing campaign. However, Tank
241-A-105 sluicing conducted in August — November 1970 used a different source of
cesium denuded supernatant. The estimated concentration of the cesium denuded
supernatant used to conduct sluicing of Tank 241-A-105 sludge to Tank 241-A-103 from
August — November 1970 is 0.51 Ci/gal, decayed to January 2006 (Interoffice Memo
7G420-06-005).

In 1977, photographs taken inside tank A-105 in 1969, 1970, and 1977 were reviewed to
determine the amount of sludge remaining in the tank as well as develop a topographical
map of the tank bottom (IDMS Accession #292-000583). The topographical map of the
tank bottom produced in 1977 is shown in Figure 4-7. This topographical map clearly
shows the bottom of the steel liner in tank A-105 is ripped and separated from the
sidewall along approximately 3/4 of the tank bottom.

* Trade name of Amchem Products Corporation
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Figure 4-7 Topographical Map of Tank A-105 Bottom (1977)
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Following the sluicing of the waste, water was periodically added to tank A-105 from
November 1970 through December 1978 for evaporative cooling of the remaining sludge.
An estimated 610,000 gallons of water was added to tank A-105 for cooling and flushing
of the airlift circulators (WHC-MR-0264 page 22). The estimated amount of water
evaporated from tank A-105 from November 1970 through December 1978 is 378,000 to
410,000 gallons (WHC-EP-410). Therefore, an estimated 200,000 to 232,000 gallons of
water are unaccounted for and may have leaked from tank A-105.

4.4.2 Nature and Extent of Contamination at Tank A-105

RPP-35484, Field Investigation Report for Waste Management Areas C and A-AX
(DOE/ORP-2008-01) provides an extensive review of field investigations conducted to
characterize the contamination beneath tank A-105. A summary of the findings from
RPP-35484 are provided in this section.

The laterals beneath tank A-105 are shown in Figure 4-8. Gross gamma loggings of the
three laterals beneath tank A-105 were conducted in April 2005 (RPP-RPT-27605 pages
B-15, B-17 and B-19). The logs for laterals underneath tank A-105 show increased
gamma activity along laterals 14-05-02L and 14-02-031 (Figure 4-9). These laterals
interrogate the central portion (14-05-021.) and northeastern quadrant (14-05-03L) of the
tank. The most extensive Cs"’ contamination was found to be associated with lateral
14-05-03, where cesium activity is estimated to be as high as 3.4 x 10’pCi/g near the
distal end of that lateral.

These gamma logs indicate that the vast majority of the waste loss from tank A-105 is
associated with the regions near the perimeter of the tank, where drywell logs would have
the optimal opportunity to detect the contaminants. Elevated Cs'*’ does not extend
beyond 10 ft horizontally from the regions of peak intensity before declining to near
background levels. The nearest drywells to these locations are 10-06-09 and 10-05-12,
which are beyond that distance. Gamma logs of these drywells are shown in

Figure 4-10 and Figure 4-11. Neither the lateral set of logs nor the drywell set of logs
indicate a major release of mobile gamma-emitting radionuclides.
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Figure 4-8 Location of Laterals for Tank 241-A-105

Caisson:2

The numbers 1, 2, and 3 indicate laterals 14-05-01, 14-05-02 and 14-05-03,
respectively. The other numbers indicate the horizontal lengths of the lateral
from the caisson (e.g., 40.5 at lateral 3) or underneath the tank (e.g. 59.2 at
lateral 3).
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Figure 4-9 Summary Gamma Survey for the Laterals under Tank A-105
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Figure 4-10 Spectral Gamma Log of Drywell 10-06-09

10-06-09 Combination Plot
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Figure 4-11 Spectral Gamma Log of Drywell 10-05-12

10-05-12 Combination Plot
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4.4.3 Tank A-105 Waste Loss Estimate

Historically, a volume estimate range of 5,000 to 15,000 gallons was proposed for this
leak by Jansen et al. (1965) depending on the location of the contaminated soil volume
with respect to the hot spot on lateral 14-05-03. However, the physical model used as the
basis for this estimate was devised to facilitate the modeling analysis and did not
represent important conditions affecting contaminant behavior. Therefore, it is not
surprising that the estimated leak volume range needed to create the observed
temperature profiles using these assumptions is implausible. Some of the implausible
assumptions were steady state thermal conditions, heat generation caused solely by Cs
decay, a maximum temperature of 260°F in the elevated temperature zone and complete
saturation of a hemispheroidal volume of vadose zone sediment underneath the tank
before evaporation occurs. Heat dissipation was highly transient in 1965, Cs'*” was not
the dominant heat producer affecting the elevated temperature zone early on, and the
maximum temperature exceeded 300°F. The concept of saturated flow in the vadose
zone is contradicted by numerous field observations. For example, field injection
experiments designed and implemented to simulate a small leak tracked moisture content
in the vadose zone near an injection point. These experiments have shown that excess
fluid quickly distributes in the subsurface to restore ambient sediment moisture contents
and that this distribution occurs primarily under unsaturated conditions.

137

Given the modeling analysis configuration, Jansen et al (1965) estimated that a minimum
leak volume of 6,000 gallons was needed to generate the highest elevated temperature in
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lateral 14-05-03. This corresponds to a Cs" loss of about 184,000 Ci which is a gross
overestimate of actual vadose zone contamination. To put this value in perspective, Cs
losses from the 115,000 gallon T-106 tank leak are about 11,000 Ci and Cs"7 was
measured in numerous drywells around that tank. Clearly, a significantly smaller volume
of waste was discharged in the 1965 event.

137

In an effort to better quantify the inventory of waste leaked from tank A-105, a new
conceptual model was devised to describe the leak. Tank A-105 was assumed to have
leaked over an area 3/4 of the tank circumference, based on the topographical mapping of
the tank bottom discussed in Section 4.4.1 and shown in Figure 4-7. The waste is
assumed to have leaked from the tank to the laterals, a distance of 10-ft and spread the
same width as indicated by the gross gamma analyses for the three laterals (see Figure
4-9). The concentration of Cs"’ in the soil contacted by the leaked waste is assumed to
be at the maximum cesium sorption capacity of 4.0E+07 pCi/g. The estimated waste loss
was then calculated for two cases: 1) assuming PUREX HLW supernate was leaked and
2) assuming B Plant ion exchange waste was leaked. In actuality, information supports
the conclusion that both types of waste were leaked from tank A-105 but, the quantity of
cach type lost can’t be estimated from available data. By assuming the radioactivity
detected in the laterals is attributable to only one waste type the range of waste volume
leaked from tank A-105 can be estimated as follows:

Assumptions/ Inputs:

e Soil density = 1.7 g/cc

 Distance to lateral below base of tank = 10 ft

¢ Cs Sorption capacity = 4.0E7 pCi/g (RPP-ENV-33418)

* Assume waste does not extend below laterals based on Cs-Sorption chemistry.
137

* Assume lateral gamma measurements are Cs

¢ Based on activity in the laterals and where the steel tank liner is ripped, up to % of
the tank circumference (75-ft diameter tank) could have leaked

¢ As a conservative estimate assume the waste spread as much at the base of the tank
as at the laterals in a cylindrical distribution

e Calculate estimated leaked waste volume for two cases:
o PUREX supernatant waste concentration, Cs'¥ =307 Ci/gal (as of May
1965 from ARH-78)

o B-Plant ion exchange waste concentration, Cs"’ = 1.38 Ci/gal (as of
June 1968 from Interoffice Memo 7G420-06-004).
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¢ Width of contamination at the laterals and base of the tank = 16.8 ft (8.4 outward
from tank perimeter and 8.4 under tank). This is based on an average of 5 leak
diameter widths measured at the laterals (30, 22, 16, 8 and 7 1) at a base
concentration of 100 pCi/g (see Figure 4-9).

Calculation:

Volume of contaminated soil = 0.75 * tank circumference * depth to laterals
=(0.75 * 3.14* [(75/2 + 8.2) (75/2-8.2)*] * 10
= 29,000 ft’

Total Ci in seil = 29,0000 ft3 * 1.7 g/cm3 *4 E7pCi/g * 1 Ci/10"? pCi * 28,320
cm> /Mt
= 56,000 Ci

Volume lost:
For PUREX supernatant = 56,000 / 30.7 Ci/gal = 1,824 or ~ 2,000 gallons

For B-Plant liquid waste = 56,000/ 1.38 = 40,580 ~ 40,000 gallons

4.4.4 A-105 Conclusions

RPP-23405, revision 2, estimated the volume of waste lost from tank A-105 as

1,000 gallons and the waste type P1 (PUREX HL W supernate) with a Cs'?’ content of
30.7 Ci/L or 30,700 Ci. The estimated Cs'*’ content of the waste leakage from tank
A-105 in RPP-23405, revision 2 is not consistent with the new conceptual model and will
need to be revised. The new conceptual model predicts the estimated waste loss from
tank A-105 is 2,000 gallons of PUREX supernate (P1 waste type) or 40,000 gallons of
B Plant IX waste (BIX waste type). The new conceptual model for estimating the
amount of waste leaked from tank A-105 does not include an estimate for the volume of
cooling water potentially leaked from tank A-105. As discussed in Section 4.4.1, an
estimated 610,000 gallons of cooling water was added to tank A-105 during November
1970 through December 1978 and 200,000 to 232,000 gallons of cooling water were
unaccounted for in the estimate of evaporation. The waste in tank A-105 had been
sluiced in 1968 with supernate and leached with sulfuric acid and sluiced in 1969 - 1970
(see Section 4.4.1). This sluicing and acid leaching partially dissolved and suspended
sludge that was pumped from the tank, leaving a very hard and insoluble sludge in the
tank. Because of the mixture rule in RCRA, when a solvent/coolant is added to
dangerous waste, the entire mix becomes hazardous/dangerous waste. The addition of
water will serve to dilute the activity/concentration of contaminants in tank A-105 and
should lead to more widespread distribution if additional waste leakage occurred. Given
the insoluble state of the sludge remaining in tank A-105, it is doubtful that water
addition to this tank actually dissolved much of the contaminants present.
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4.5 241-AX Tank Farm

The 241-AX tanks were designed for the storage of boiling waste generated from
irradiated fuel reprocessing at the 202-A PUREX Plant. The 241-AX 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 an internal
leak detection system. These unique design features are discussed further in section
4.5.1. Anunderstanding of the 241-AX tank design features aides in the discussion of the
historical waste loss events associated with tanks 241-AX-102 (section 4.6) and 241-AX-
104 (section 4.7), as well as the unplanned waste release events in the 241-A and 241-AX
Tank Farms (section 4.8).

4.5.1 241-AX Tank Design Features

The 241-AX Tank Farm contains four, one million gallon capacity single-shell tanks. A
cross section of a 241-AX tank is shown in Figure 4-12 (RL-SEP-9). 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 operators to suspend solids, mix the tank contents, and dissipate heat.

The 241-AX tanks were originally designed to contain liquid and solid wastes at a
maximum temperature of 350°F (RPP-10435 page A-43). Wastes at higher temperatures
could cause buckling of the steel liner and/or damage to the concrete shell.

Each 241-AX tank has its own internal leak detection system consisting of a network of
drain slots in the concrete base immediately below the carbon steel liner. A 12-inch
carbon steel pipe connects the drain network with a leak detection well. The sixty-foot
deep well consists of a 24-inch, schedule 20 carbon steel pipe, surmounted by a concrete
pump pit. A waste transfer line connects the leak detection pit 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 pit floor drain into their respective storage tanks
through a 4-inch line that extends 5 feet from the tank bottom.

The 241-AX tanks were vented to an underground vessel ventilation header that
connected to 241-A tank farm and later to the 241-AY tank farm. The purpose of this
ventilation header was to remove offgas 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

1980°s. The design of this ventilation header included a baffled, 20-inch diameter pipe
inside each 241-AX tank, as shown in Figure 4-12. The 20-inch diameter pipe exit the
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tank is connected to a 24-inch diameter, stainless steel pipe header that is buried a
minimum of 4-ft below grade. The 24-inch header ran between the tanks to the 241-AX-
152 diverter station and then to the 241-A Tank Farm to tie-in to that farm’s ventilation
header. The 241-AX ventilation header slopes upward toward the 241-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-inch
diameter pipe from each tank to the 24-inch main vapor header. The couplings provide
for expansion and contraction of the vapor header pipe segments.

Figure 4-12 241-AX Tank and Leak Detection Pit
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4.5.2 241-A and 241-AX Tank Farm Process Condensate

The single-shell tanks in the 241-A and 241-AX tank farms 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 241-A single-shell tanks was drawn from each tank through an
underground 20-inch diameter pipe that connects to an underground 24-inch diameter
pipe (i.e. vapor header). When the 241-AX tank farm was constructed in 1963 -64, a
similar vapor header was installed for these four single-shell tanks. An underground 20-
inch diameter pipe connects from each single-shell tank to an underground 24-inch
diameter pipe. The underground 24-inch diameter pipe runs to the 241-AX-152 diverter
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station. From the 241-AX-152 diverter station, the underground 24-inch diameter pipe
from the 241-AX vapor header connects to the 241-A tank farm vapor header.

The 241-A tank 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 241-A and 241-AX tank 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 241-A or 241-AX single-
shell tanks or dlscharged to acrib. In January 1970, a prototype ion exchange system
was installed to remove '*’Cs from the TFPC prior to discharge to cribs (PR-REPORT-
JANT0, rev. 1 page AV-2). Table 4-1 summarizes the analyses of the untreated TFPC
waste located in reference documentation. The composition of the PUREX HLW
supernate in tanks 241-A-101, 241-A-104, and 241-A-106 in September 1964 are
provided in Table 4-2 (RL-SEP-183-RD). In comparison with the TFPC, the *’Cs
concentration in the PUREX HLW supernate was approximately 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 the 241-AY tank farm after April 1971. The 216-A-24
crib recetved TFPC waste from May 1956 through April 1966.

In June 1963, the 216-A-24 crib was reported to have received 0.0124 Ci of **Co in
1.31E+06 liters of waste or ~9.5E-06 pCi/ml (HW-80877 page 12). In December 1963,
the 216-A-24 crib was reported to have received 0.0248 Ci of °Co in 1.36E+06 liters of
waste or ~1.8E- 05 pCi/ml (HW-80877 page 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 6.37E+06 gallons of TFPC to the 216-A-8 crib, or
~2.4E-06 uCi/ml. Also, the concentration of *°Co was reported as 2.9E-05 uCi/ce in an
April 1957 analysis of the condensate discharged to the 216-A-8 crib (HW-51399

page 5). This information confirms that *’Co was present in the TFPC as relatively small
concentrations,
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Table 4-2 PUREX HL'W Supernate Analyses (9/2/1964)

RPP-ENV-37956 Rev. 1

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 54E+03 2.2E+03 9.0E+02
pCi/ml pCi/ml puCi/ml

Cs-137 4.95E+03 3.34E+03 5.85E+03
Nb-95 not reported not reported not reported
Zr-95 81 37 1.58E+02
Ru-106 3.97E+02 58.5 1.89E+()2
Ru-103 not reported not reported not reported
Sr-89 not reported not reported not reported
Sr-90 not reported not reported not reported
Sr-89/90 not reported not reported not reported
Ce-144 1.49E+02 94.5 1.71E+02

4.6 Tank AX-102 Waste Loss Event

4.6.1 Tank AX-102 Operating Summary

SST 241-AX-102 was construction complete in January 1965 (HAN-90650 page 16).
Although SST AX-102 was originally constructed to receive PUREX HL W, the
operational history of SST AX-102 is quite varied, as shown in Figure 4-13. Waste types
stored in SST AX-102 included PUREX HLW, flushes from SST A-105 in preparation
for sluicing, B Plant waste, sludge sluicing, and complexed waste. The complexant
supernate was removed from SST AX-102 in 1980, followed by saltwell pumping in
1983 and interim stabilization in 1988.

Tank AX-102 was classified as an assumed leaker in September 1988 based an estimated
3,400 gallon liquid level decline reported to have occurred from June 18, 1984 through
May 27, 1988. However, no radioactivity corresponding to tank waste leakage was
detected in the leak detection pit or the drywells associated with this tank. These
operational periods for SST AX-102 are discussed below.
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Figure 4-13 Tank AX-102 Operational Timeline (1965 — 1988)
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4.6.2 Tank AX-102 Operating History

PUREX HLW Receipt (1965 — 1967): Water was added to the tank in the fourth quarter
of FY 1965 (RL-SEP-821 page 8) and the first quarter of FY 1966 (RL-SEP-923 page 8).
The water added to SST AX-102 was likely done as part of the preheating procedure.
The standard practice employed for the 241-AX tanks was to add water and preheat the
water prior to adding boiling waste from the PUREX plant.

In the fourth quarter of 1966, SST AX-102 received HLW from the PUREX plant (ISO-
538 page 8). Additional PUREX plant HLW was received in the first quarter of FY 1967
as well as some concentrated PUREX HLW from SST AX-101, which was equipped
with a steam coil (ISO-674 page 8 and H-2-34266). Approximately 883,000 gallons of
PUREX HLW was contained in SST AX-102 at the end of the first quarter of FY 1967,
but the tank temperature had not reached conditions for waste boiling. From January
1967 through September 1967, SST AX-102 periodically received HLW from the
PUREX plant and transfers of supernate to SST AX-101 were conducted.
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SST A-105 Flushes Receipt (1968): In the second quarter of FY 1968, the PUREX HLW
supernate was transferred from SST AX-102 to SST TY-103 (ARH-534 page 8) in order
to use SST AX-102 for receiving supernate flushes from SST A-105, in preparation for
sluicing SST A-105 (ARH-534 page 9). SST AX-102 continued to receive SST A-105
supernate via SST A-103 in the third quarter of FY 1968 (ARH-721 page 9). Periodic
transfers of supernate were made from SST AX-102 to C-105 from the third quarter 1968
(ARH-871 page 9) through the first quarter of FY 1969 (ARH-1061 page 10) to stage the
PUREX supernate (PSN) for cesium ion exchange processing in the 221-B Plant.

B Plant Waste Evaporation (1969 — 1972): SST AX-102 was then flushed and preheated
for service in the second quarter of FY 1969 to receive waste (ARH-1200 A page 10).
The flush solutions were transferred to SST C-105 for staging to the cesium ion exchange
process in the 221-B Plant. SST AX-102 was reported to have reached boiling conditions
in April 1969 (RHO-R-39), but documented temperature data was found for only the
period of July 1969 through September 1971, which shows the waste temperature varied
from 220 to 250°F (RHO-CD-1172 pages B-58 and B-59). SST AX-102 received B
Plant waste and small transfers of PUREX HLW in the third and fourth quarters of FY
1969 (ARH-1200 B page 10 and ARH-1200 C page 10). SST AX-102 continued to
receive B Plant waste from the first quarter of FY 1970 through the second quarter of FY
1971 (ARH-1200 D page 10, ARH-1666 A page 10, ARH-1666 B page 10, ARH-1666 C
page 10, ARH-1666 D page 10, and ARH-2074 A page 10 ), as well as a transfer of
waste from the 244-AR Vault in the third quarter of 1971 (ARH-2074 B page 10). The
wastes received into SST AX-102 were evaporated with the condensate being routed to
tank A-417 and discharged to the 216-A-24 crib.

Preparations for Sluicing (1973 — 1975): No waste transfer activities involving SST AX-
102 occurred again until the second quarter of FY 1973, when the pumpable supernate
was transferred to SST AX-103 for staging to the cesium ion exchange process in the
221-B Plant (ARH-2794 A page 9). SST AX-103 contained 50,000-gallons of sludge
and 63,000-gallon of supernate following this transfer. Tank A-417 condensate, water,
and A-AX ion exchange column flushes were periodically added to SST AX-102
throughout the remainder of FY 1973, FY 1974, and through May 1975 (IDMS
Accession #D195005364), as well as some PUREX Sludge Supernate (PSS) solution
from SST A-104 sluicing operations in the fourth quarter of 1974 (ARH-CD-133 C page
9). The supernate in SST AX-102 was transferred to SSTs AX-101 and AX-103 in May
1975 in preparation for sluicing the sludge (ARH-CD-336 B page 9 and IDMS Accession
#D195005364). However, sluicing of SST AX-102 was postponed when an increase in
radiation was detected in drywell 11-02-11.

Off-gas Vapor Header Dresser Coupling Leak (1975): Following the transfer of supernate
from SST AX-102 in May 1975, an increase in the radiation at the 55-foot level was
detected in drywell 11-02-11 on May 16, 1975. This drywell is located approximately
10-feet from SST AX-102. Water was added to the tank to cover the solids on May 16,
1975.
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Drywell 11-02-11 was {irst monitored on February 11, 1975 and indicated a peak in
radiation at 38 cps at 56 feet below grade. The radiation continued to increase at the 55
feet below grade until ~200 cps were detected in May 16, 1975 and ~380 cps in June 23,
1975. The radioactivity detected in drywell 11-02-11 was attributed to ruthenium-106
(IDMS Accession #D195005364). This was later confirmed in 2001 when the historical
gross gamma radiation detected in drywells 11-02-11 and 11-02-12° were correlated to
ruthenium-106 decay rate for radioactivity detected at 50-60-ft bgs in drywell 11-02-11
and 32-50-ft bgs in drywell 11-02-12. The historical gross gamma radiation detected 32~
50-ft bgs in drywell 11-02-12 was also correlated to cobalt-60 decay rate as well (RPP-
8821 pages 31-42).

Auger drilling was conducted adjacent to the Dresser couplings in the off-gas vapor
header connecting the 241-AX tanks. Highly contaminated soil was detected at a depth
of 10-feet adjacent to the Dresser coupling joining the 20-inch vapor header from SST
AX-102 to the main 24-inch header and the Dresser coupling atop SST AX-104. A new
drywell, 11-02-12, was installed in May 1975 and first monitored in May 28, 1975,
indicating radiation peaks of 3,027 cps (probe 14; must multiply by 10 for comparison
with other AX-102 drywells) at 36-feet below grade and 750 cps (probe 14; must
multiply by 10 for comparison with other AX-102 drywells) at 48-feet below grade. One
of the Dresser couplings for SST AX-102 is located between the 11-0’clock and 12-
o’clock positions, nearby drywells 11-02-11 and 11-02-12 (installed in May 1975).

Further monitoring of the radioactivity detected adjacent to SST AX-102 was conducted
in June 1975 using experimental leak detection systems developed by Battelle Northwest
and Boeing (IDMS Accession #D197137077 and ARH-LD-120 page 33). Based on the
depth and radionuclides detected in drywells 11-02-11 and 11-02-12, ARHCO personnel
determined the Dresser coupling for SST AX-102 was the source of the activity (IDMS
Accession #1195005364 and IDMS Accession #D194050777). No estimate was located
for the estimated volume and composition of the condensate leaked from the 241-AX
vapor header.

ARHCO personnel conducted a field test to repair the 241-AX vapor header by injecting
a sealant around the Dresser couplings. Approximately 660 gallons of water-based
asphalt emulsion sealant were injected at a depth of 9 to 14-feet in four wells that were
drilled around a suspected leaking Dresser coupling for tank AX-102. Injection of the
sealant resulted in contamination coming to the surface. Six inches of contaminated soil
were removed and replaced with gravel to stabilize the contaminated areas (ARH-CD-
587). However, the effectiveness of the sealant was inconclusive and migration of
contamination from the vapor header continued. ARHCO personnel reported the results
of the 241-AX vapor header sealant test to the U.S. Energy Research and Development
Administration and recommended that normal operations continue in the 241-AX farm,

¢ For drywells, typically a scintillation probe (sometimes referred to as probe 4) and a GM probe were used for measuring
radioactivity. A third probe used in drywells was a shielded scintillation probe (SSP), sometimes referred to as probe 14 (SD-WM-TI-
356). The relationship between the probe 14 and the unshielded probe 4 is approximately a factor of 10. Most of the earlier drywell
data in 241-AX Farm were acquired with probe 4. One exception was borehole |1-02-12 where probe 14 data were acquired in
addition to probe 4 data. The probe 14 data should be multiplied by 10 for comparison with the probe 4 data.
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using continued dry well monitoring to ... provide assurance that any further vapor
header leakage will be detected (IDMS Accession #D195006631).

Sluicing (1975 — 1977): Sluicing of the SST AX-102 sludge was initiated in late
December 1975 to make this tank available for receipt of 242-A Evaporator bottoms
(ARH-LD-212 B page 21). Sluicing of tank AX-102 to 244-AR Vault continued in
January 1976, but was interrupted in February 1976 when a new slurry pump was needed
to increase sludge removal (ARH-LLD-214 B page 22). Sluicing operations were then
switched to SST AX-103 while the new slurry pump was being readied for installation in
SST AX-102. Sluicing of SST AX-102 was resumed in December 1976 (ARH-LD-224
B page 11) and was halted in March 1977 (ARH-LD-227 B page 24) when the sludge
removal was no longer effective. Following completion of sluicing, SST AX-102 was
estimated to contain approximately 5,100-gallons of sludge (IDMS Accession #293-
003399).

Complexed Waste (1977 — 1980): Following completion of sluicing, SST AX-102
received dilute complexed waste from 221-B Plant from 1978 through 1979. In April
1980, the dilute complexed waste was transferred to SST A-102 and processed in two
passes through the 242-A Evaporator, with the concentrate from both passes being
received back into SST AX-102 (RHO-CD-80-1045 6). Table 4-3 summarizes the
analyses of the complexant concentrate waste stored in SST AX-102 based on a sample
obtained on April 30, 1980 (RHO-CD-80-1045 6 pages 4 and F-1). The complexant
concentrate waste was transferred from SST AX-102 to DST AY-101 in May 1980,
leaving an estimated 46,000 gallons of supernate, saltcake, and sludge in AX-102 (RHO-
CD-14 May 1980). The waste volume in SST AX-102 was later revised to 52,000-
gallons based on in-tank photographs.

Table 4-3 Tank AX-102 Complexant Concentrate Composition (4/30/1980)

Analyte Value Units
S3pG 1.26 gm/ml
wt% water 70 wi%o
Al 0.186 M
OH 0.372 M
NO3 1.76 M
NO2 0.811 M
PO4 0.0437 M
CO3 0.937 M
Sr-89/90 5.64E-02 Ci/L
Cs-137 0.55 Ci/L
Pu 7.89E-04 gm/L

Saltwell Pumping and Interim Stabilization (1983 and 1988): SST AX-102 was saltwell
pumped to DST AN-101 in the second quarter of FY 1983. SST AX-102 was estimated

to contain 23,000-gallons of supernate and 29,000-gallons of sludge as of November
1983 (IDMS Accession #DD194031937).

Page 47



RPP-ENV-37956 Rev. 1

There was some concern that SST AX-102 was slowly leaking from January 1981
through December 1982. A decrease of 0.75-inches in waste level was observed during
this period. However, the tank was connected to the 702-A ventilation system and the
decrease was shown to be attributable to evaporation. After removal of the tank from the
702-A ventilation system in November 1982, the waste level was stable at 18.75 to 19-
inches from January 1983 through February 1984. The temperature of the sludge in SST
AX-102 was reported to be 165 +/- 5°F (February 1984) and some waste loss through
evaporation is expected (IDMS Accession #D194030828).

Another surface level decrease was reported July 26, 1988 for SST AX-102 (WHC-UO-
88-029-TF-04). The waste level in AX-102 decreased from 18.75-inches on June 18,
1984 to 17.5-inches on May 27, 1988, a decline of 1.25-inches (~3,400-gallons). An
evaluation of the integrity of SST AX-102 was conducted and revealed the following
(IDMS Accession #292-001159):

e The liquid level drop in tank AX-102 was shown to be statistically significant

e Evaporation could only account for ~25% of the waste level decline

¢ The liquid level in SST AX-102 returned to 18.75-inches as of July 7, 1988,
but this was discounted by the 1988 tank integrity review team

¢ In-tank photographs from May 14, 1981, August 18, 1987, and June 6, 1988 all
showed a liquid surface covered by a thin film of floating solids. However, only a
small portion of the waste surface was visible, with the remainder obstructed by
haze and the airlift circulators. The manual tape gauge was on the opposite side
of the tank and could not be seen.

e Data for the leak detection pit and ten external drywells associated with tank
AX-102 were reviewed and the 1988 tank integrity review team deemed the
readings were not indicative of a tank leak however no values were reported in the
reference (IDMS Accession #293-002393).

Westinghouse Hanford Company conducted a peer review of this tank integrity
assessment and concluded the tank should be reclassified as an assumed leaker. The U.S.
DOE was notified of the change in status for SST AX-102 on September 6, 1988 (IDMS
Accession #292-001156).

Stabilization of SST AX-102 was conducted in August 1988 with 13,200-gallons of
liquid removed using a submersible pump (IDMS Accession #292-001152 and HNF-SD-
RE-TI-178, rev. 9 pages 28-29). In-tank photographs taken on September 1, 1988 were
reviewed and showed a liquid pool covering approximately 20% of the surface. The
estimated drainable liquid remaining in the tank was estimated to be 2,750 gallons, with
35,750 gallons of saltcake and sludge present (HNF-SD-RE-TI-178, rev. 9 pages 28-29).

Further settling of the waste surface following interim stabilization was reported to have
occurred in October 1988, prompting re-estimating of the waste level as 13.25-inches or
~36,400-gallons (TFSA&S-89-48). An additional decline in the waste level for SST
AX-102 to 12-inches (~33,000-gallons) was reported to have occurred in May 1989 and
after investigation was determined to be due to further settling of the waste. The leak
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detection pit and the drywells associated with SST AX-102 did not show evidence of a
tank waste loss (WHC-UO-89-023-TF-05).

Leak Detection Pit Water Loss: The leak detection pit for SST AX-102 was reported in
May 1975 to be contaminated and possibly leaking (IDMS Accession #D195005364).
Efforts to isolate the pit and fill the seal pot line connecting the leak detection pit to the
241-AX vapor header did not stop this leak. Initially, the leak rate from the pit was 0.3
gallons per day in May 16, 1975, but increased to 1.2 gallons per day by June 24, 1975.
The leak rate seems to be related to the depth of the liquid in the leak detection pit. No
radioactivity was detected in samples of water taken from the AX-102 leak detection pit
in 1975. However, contamination was detected later (March 1976) in this leak detection
pit (ARH-LD-215 B page 14). The contamination was not sufficient to be attributable to
waste loss from SST AX-102. The source of contamination was attributed to the pump
out header for all of the 241-AX leak detection pits which connects to the same header
used to transfer waste from the 241-AX tanks. Any drainage from this header could
cause contamination of the leak detection pits (IDMS Accession #1194044995 pages
23).

4,6.3 Tank AX-102 Waste Loss Estimate

The historically estimated waste loss from tank 241-AX-102 is 3,400-galtlons and is
based solely on the 1.25-inch liquid level decline reported in WHC-UO-88-029-TF-04.
No increase in radiation was detected in the AX-102 leak detection pit or drywelis
associated with this tank. However, this estimate for the volume of waste loss from tank
241-AX-102 is inconsistent with the relatively low level of radiation detected in the leak
detection pit and drywells associated with this tank. If 3,400-gallons of the complexant
concentrate waste had actually leaked from SST AX-102 to the soil from June 18, 1984
through May 27, 1988, the inventory of "*’Cs and *Sr leak would equate to 4,500 and
2,190 curies, respectively based on the sample analysis discussed in the subsequent
paragraph. The gamma radiation detected in the associated drywells and leak detection
pit is expected to be far higher than actually observed if this quantity of these two
radionuclides were leaked to the soil. Therefore, it is unlikely that SST AX-102 actually
leaked 3,400-gallons of complexant concentrate waste to the soil.

A sample of the liquid in SST AX-102 was obtained in August 1988 and is reported in
Appendix B of HNF-SD-WM-ER-472, rev. 2, Tank Characterization Report for Single-
Shell Tank 241-AX-102. Select analytes are reported in the August 1988 tank AX-102
liquid sample are summarized in Table 4-4. This waste composition should be
representative of the waste leaked from the tank.
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Table 4-4 Tank AX-102 Liquid Composition (8/1988)

RPP-ENV-37956 Rev. 1

Analyte Yalue Units
Al 0.006 Molarity
Cr 0.004 Molarity
Na 7.32 Molarity
K 0.002 Molarity
pH 11.3
NO3 3.7 Molarity
NO2 14 Molarity
PO4 < 0.056 Molarity
CO3 0.98 Molarity
NH4 0.028 Molarity
TOC 36.8 g/l
Sr-90 1.7E+05 pCi/L.
Cs-137 3.5E+05 pC/L
Pu 97 pCi/L
Am 1,000 pCi/L

The Field Investigation Report for Waste Management Areas C and A-AX (RPP-35484)
did not conduct specific characterization activities around tank AX-102. RPP-35484
states the primary indication of tank waste loss began in May 1975, when an increase in
gross gamma levels from 38 to 152 ¢/s occurred at approximately 55-ft bgs in drywell 11-
02-11. By September 1975, the gamma level increased to 1,021 ¢/s and stayed at that
level through December 1976. Additional drywells 11-02-12 and 11-02-22 were
constructed shortly after May 1975, but only drywell 11-02-12 showed anomalous
radiation levels. Significant contamination was encountered in the first measurement
essentially throughout the drywell, as shown in Figure 4-14 (GJO-97-14-TAR,
(GJO-HAN-12). Current spectral gamma analyses for drywells 11-02-12 show Cs >’ as the
dominant gamma emitter at approximately 12-ft bgs and only cobalt-60 at approximately
0.1 pCi/g from 30 to 45-ft bgs. Other short-lived gamma emitters present in 1975 would
have decayed below detection limits by the mid 1990s, when these measurements were
taken. Other drywells nearby SST AX-102 do not show any significant contamination, as
shown in Figure 4-15, Figure 4-16, and Figure 4-17 (GJ0-97-14-TAR, GJO-HAN-12).
Migration of Cs-137 contamination down the inside or outside of the drywell casing is
suspected to have affected the distribution of some of the contamination detected in the
drywells. Much of the bias of the drywell log data that is due to drywell migration effects
was removed from the surveys and is designated as “removed” in these figures.

137

RPP-35484 further states “The most likely source of waste release from tank AX-102
was identified as a dresser coupling failure between a 20-in. buried vapor line and the
tank vessel vent system header. In late 1975, asphalt sealant was injected into the soil in
an attempt to repair the dresser couple. The drywell gamma data suggest that relatively
little waste entered the soil column after this action was taken.” The conclusion of RPP-
35484 is consistent with the historical information discussed in the previous sections.
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Figure 4-14 Historical Gross Gamma Log Data from Drywell 11-02-12
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Figure 4-16 Gamma Logging Results for Drywells 11-02-01 thru 11-02-05
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Figure 4-17 Repeated Gamma Logging for Drywell 11-02-12 (2 Sheets)

Borehole 11.02-12

.o, hEpeat Interval
Baseline ("cs, ""Co,and FEU) 5
* Data are normalized for decay to 2/17/99
g0 -
B
50 !—'—' _!L -
[ roluopeko) Z
80 __..I. ) 2
; = i =
o700 L L — =
== STl i e I w
R o | =]
=80 44 —
O =y i
o 90 I [
i = LEGEND
| SGLS Repeat [Everd B)- 02/17/99
100 4+ — 6 e
[Fig 7 8o
y [0 o S ) i ""Ez
FY R . $GLS Baseline( Event A) - 03/03/96
. e
e i L]
130 =i — : k5 ::
190 - ==
] [ : = hdkates one 01 SGLS dekctorsaty @0y
150 orkigh dead tine (o 1 2k s pectalda

10¥10° 10¢ 10° 1 10

pCilg

Page 54



RPP-ENV-37956 Rev. 1
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4.6.4 AX-102 Conclusions

The assessment team has determined the estimated waste loss of 3,400-gallons from tank
241-AX-102 is inconsistent with the relatively low level of radiation detected in the leak
detection pit and drywells associated with this tank. The likely source of radioactivity
detected historically in drywells 11-02-11 and 11-02-12 is the leaking Dresser coupling
associated with the tank offgas piping rather than breach of the tank liner.

It is recommended that HNF-EP-0182 be revised to indicate there is no basis for

assuming a leak loss volume or inventory for a tank AX-102. Therefore, no leak
inventory was assigned.
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4.7 Tank AX-104 Waste Loss Event
471 Tank AX-104 Operating Summary

An operational timeline for single-shell tank (SST) AX-104 is provided in Figure 4-18 to
aid in the following discussion. SST AX-104 originally received PUREX HLW from
1965 through 1969. Additionally, SST AX-104 received 37,000-gallons of B Plant waste
in the third quarter of 1969. The tank was operated as a boiling waste tank to evaporate
excess water and concentrate the PUREX HLW. The tank experienced a temperature
excursion lasting from February 1970 through June 1970, reaching a maximum
temperature of 233°C (~451°F) in the sludge. The waste temperature was reduced by
removal of supernate and addition of 65°C water.

The supernate was removed from SST AX-104 in 1972 for cesium ion exchange
processing in the 221-B Plant. Tank AX-104 was then refilled from Qctober 1972
through March 1973 with PUREX sludge supernate (PSS) from SST A-102 to allow
entrained solids to settle before transferring the supernate to the 221-B Plant for cesium
ion exchange processing. Tank AX-104 also received PSS from sluicing tank A-104 in
September 1974 and PSS from sluicing tank A-103 in the second quarter of FY 1976.

The PSS was transferred from SST AX-104 in February 1977 for cesium ion exchange
processing in the 221-B Plant and to prepare the tank for sluicing. The sludge in SST
AX-104 was sluiced from March 31, 1977 through April 20, 1978. During sluicing, no
increased radiation was reported to have been detected in the leak detection pit for SST
AX-104.

The tank was classified as questionable integrity and removed from active service in
August 1978 as a result of the radioactivity detected in drywell 11-04-08 (IDMS
Accession #293-006415). However, the source of the radioactivity detected in drywell
11-04-08 could not be determined. The strongest gamma radiation signal was detected
due east, toward tank AX-104, which led personnel in 1988 to suspect the integrity of the
tank. The radioactivity detected in drywell 11-04-08 (60-72-ft bgs) was correlated to
ruthenium-106 decay rate (RPP-8321 pages 18-21). No corresponding liquid level
decline or elevated radiation readings were detected in the leak detection pit (see section
4.5.1) at the time increased radioactivity was detected in drywell 11-04-08. These
operational periods for SST AX-104 are discussed further below.
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Figure 4-18 Tank AX-104 Operational Timeline (1965 — 1981)
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4.7.2 Tank AX-104 Operating History

PUREX HLW Receipt (1965 — 1969): Single-shell tank (SST) 241-AX-104 construction
was completed in January 1965 (HAN-90650 page 16). Water was added to the tank in
the fourth quarter of FY 1965 (RL-SEP-821 page 8) and the third quarter of FY 1966
(ISO-404 page 8). The water added to SST AX-104 was likely done as part of the
preheating procedure. The standard practice employed for the 241-AX tanks was to add
water and preheat the water prior to adding boiling waste from the PUREX plant.

In the fourth quarter of 1966, SST AX-104 began to receive HLW from the PUREX plant
(ISO-538 page 8). Tank AX-104 continued to receive PUREX HLW through the third
quarter of FY 1968 (ARH-721 page 9). Tank AX-104 was reported to have reached
boiling conditions in October 1966 (RHO-CD-1172 page B-54 and ISO-674 page 2).
Tank AX-104 continued to evaporate excess water due to the radiolytic decay heat,
resulting in the removal of 2,042,000-gallons of condensate from October 1966 through
the fourth quarter of FY 1968 (ARH-871 page 3).
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SST AX-104 also received 37,000-gallons of B Plant waste and 37,000-gallons of
PUREX waste in the second quarter of FY 1969 (ARH-1200 A page 10) and an
additional 3,000-gallons of PUREX waste in the third quarter of FY 1969 (ARH-1200 B
page 10).

Waste Temperature Excursion: The waste temperature in SST AX-104 began to increase
from ~260°F in September 1969 to ~340°F in May 1970 (RHO-CD-1172 page B-57),
which is above the maximum operating limit of 300°F. The waste temperature had been
between 260 to 280°F for the 3-years. Air flow to the airlift circulators was adjusted and
the temperature of the sludge was reduced in all but one location below the operating
limit of 150°C (300°F); the eastern periphery of the tank reached 158°C (~316°F) in
February 1970 (PR-REPORT FEB70 page AV-3). Since the tank was maintained at
maximum operating volume, no attempt was made to dilute the contents.

In an effort to reduce the waste sludge temperature, approximately 198,000-gallons of
supernate were transferred from SST AX-104 to A-101 on March 18, 1970 and 198,000-
gallons of water at 65°C were added to SST AX-104 (PR-REPORT MAR70 page AIV-5,
PR-REPORT MAY70 page AIV-6 and ARH-1666 A page 10). “This action became
necessary when the increasing localized temperatures in the outer periphery of the tank
did not respond to a remedial treatment of varying the air flow to the nearby airlift
circulators and a slight dilution of the tank contents to the maximum operating
temperature. The maximum temperature in the tank had reached 213°C (~415°F) when
the transfer was initiated. This temperature was increasing at a rate of 2° to 3°C per day.
Two other peripheral temperatures also exceeded the operational limit of 150°C. The
localized hot spots near the tank sidewall have not caused the sidewall differential
temperatures to exceed the operational limit of 17°C per foot of concrete” (PR-REPORT
MART70 page AIV-5). Since the sidewall differential temperatures had not exceeded the
opetational limit of 17°C per foot of concrete, cracking of the concrete was unlikely to
have occurred.

The maximum temperature in the AX-104 sludge continued to rise after the dilution and
reached a maximum of 225°C (~437°F), but then began to decrease in April 1970 (PR-
REPORT APR70 page AIV-5). The sludge temperature then began to increase again and
reached 233°C (~451°F) in the western sector of the tank periphery in May 1970 (PR-
REPORT MAY70 page AlV-6). This prompted transfer of an additional 198,000-gallon
of supernate {(~20% of total) from SST AX-104 to A-101 and 195,000-gallons of water at
65°C were added to SST AX-104 to reduce the sludge temperature (PR-REPORT
MAY70 page AIV-6 and ARH-1666 B page 10). The calculated sodium molarity in SST
AX-104 was only 3M following this transfer. “The maximum temperature across the
concrete wall of the tank exceeded the recommended operational limit of 25 by 6°C. This
differential temperature is measured in the vicinity of the lowest periphery sludge
temperature (156°C)” (PR-REPORT MAY70 page AIV-6). Excessive differential
temperatures across the concrete wall of the tank can lead to cracking of the concrete.

This last dilution of tank AX-104 resulted in the downward trend in tank temperature.
The tank contents were maintained at approximately 363-inches {1 million gallons) to
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avoid overly concentrating the supernate and causing further precipitation PR-REPORT
JUN70 page AIV-5). No additional waste or water additions to SST AX-104 were
reported again until September 1972.

PUREX Sludge Supernate Receipt (1972 — 1976): In September 1972, 678,000-gallons of

supernate were transferred from SST AX-104 to AX-103 and then to C-105 for cesium
ion exchange processing in the 221-B Plant (PPD-493-9-DEL page AIV-13 and ARH-
2456 C page 9). This transfer was conducted to ready SST AX-104 to receive the
PUREX sludge supernate (PSS) from sluicing SST A-102 (PPD-493-9-DEL page AIV-
17). From October 1972 through March 1973, approximately 843,000-gallons of PSS
were transferred from 244-AR Vault to SST A-104 and then to SST AX-104 to allow
entrained solids to settle (ARH-2456 D page 9 and ARH-2794 A page 9). From October
1972 through June 1973, approximately 878,000-gallons of PSS were transferred from
SST AX-104 to AX-103 and then to SST C-105 for eventual cesium ion exchange
processing in the 221-B Plant (ARH-2456 D page 9, ARI-2794 A page 9, and ARH-
2794 B page 9).

Tank AX-104 again received PSS in September 1974. Tank AX-104 received
146,000-gallons of water and 446,000-gallons of PSS via 244-AR Vault from sluicing of
SST A-104, filling the tank to ~763,000-gallons (ARH-CD-133 C page 9). The supemate
slowly evaporated from September 1974 through March 1975, reducing to approximately
504,000-gallon, including an estimated 44,000-gallon of sludge (ARH-CD-702 A page
9.

SST AX-104 received 29,000-gallons and 9,000-gallons of PSS from sluicing SST AX-
103 and 244-AR vault, respectively in the second quarter of FY 1976 (ARH-CD-702 A
page 9). Approximately 234,000-gallons of PSS were transferred to SST C-105 for
staging to the cesium ion exchange process in the 221-B Plant in the second quarter of
FY 1976. Tank AX-104 again received PSS from sluicing SST AX-103 in September
1976 (ARH-LD-221 B page 12), October 1976 (ARH-LD-222 B page 13), and
November 1976 (ARH-LD-223 B page 11). Then, the heel in SST AX-103 was sluiced
to SST AX-104 in December 1976 (ARH-LD-224 B page 11).

Sluicing (1977 - 1978): On February 25, 1977 through March 3, 1977, the supernate in
tank AX-104 was transferred to SST AX-101 (~771,400-gallons) in preparation for
sluicing (OR-77-36). Sluicing of the SST AX-104 sludge was initiated on March 31,
1977 to make this tank available for receipt of 242-A Evaporator bottoms (ARH-L.D-227
B page 27). The AX-104 sludge was easily sluiced to 244-AR Vault, but the sludge
proved difficult to process due to its highly insoluble nature. More than three-fourths of
the sludge was stated as being insoluble in nitric acid (ARH-LD-229 B page 31).
Sluicing the AX-104 studge was conducted every month except for Qctober from March
31, 1977 through November 5, 1977 and from March 2, 1978 through April 20, 1978
(IDMS Accession #D2194052912).

Following completion of sluicing, the residual sludge in tank AX-104 was photographed
and a map of the tank bottom made in July 1978 showing sludge location was prepared
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(IDMS Accession #D193015327). The sludge in tank AX-104 is unevenly distributed
and the estimated volume is 7,000-gallons (HNF-EP-0182, rev. 237).

“As part of Rockwell Hanford Operation’s efforts to remove all single-shell tanks from
active service, Tank 104-AX was recently placed into the inactive category” in August
1978. Tank AX-104 remained connected to the 702-A vessel ventilation to cool the tank
contents. Also as of August 1978, “Four drain lines from AX-Farm pits and cleanout
boxes are presently routed to the tank” (IDMS Accession #D194032070).

Interim Stabilization (1981): Tank AX-104 was declared interim stabilized effective
August 10, 1981 based on review of in-tank photographs obtained on May 14, 1981
(HNF-SD-RE-TI-178, rev. 9 page 32). No supernate was estimated to be present in the
tank. The four, valve and service pit drain lines connecting to the tank were removed
during August 1981 to prevent water intrusion (HNF-SD-RE-TI-178, rev. 9 page 32).
The in-tank photographs were observed to “... show a series of corrugation ridges in the
tank bottom liner and no discernable liquid pools. There is no definable pattern to this
buckling configuration. In addition, areas of mounded dry sludge are seen at random
locations about the tank” (HNF-SD-RE-TI-178, rev. 9 page 32). However, a tank
composite photograph taken in August 11, 1987 (Figure 4-19) does not show the reported
ridges or tank bottom buckling pattern. The entire tank bottom is visible in the August
11, 1987 photograph, which shows weld plates for the airlift circulators and a small
amount of sludge and a sludge swirl pattern.
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Figure 4-19 Composite Photograph of Tank AX-104 (August 11, 1987)
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Off-gas Vapor Header Dresser Coupling Leak (1975); Dresser couplings provide a
compression scal on the outer surface of vapor header piping segments that are ~25-ft in
length. The couplings provide for expansion and contraction of the vapor header pipe
segments. Highly contaminated soil was detected at a depth of 10-feet adjacent the
Dresser coupling (see discussion on Tank Design Features) joining the 20-inch vapor
header from SST AX-102 to the main 24-inch header and the Dresser coupling atop SST
AX-104 (ARH-CD-587). Drywell 11-04-01, installed in January 1975, had
contamination at 24-ft bgs when first monitored in January 20, 1975. Drywell 11-04-11,
installed in January 1975, had contamination at 25-ft through 60-ft bgs (well bottom)
when first monitored in January 20, 1975. The contamination in both drywells did not
show signs of migration to lower depths, but did show signs of radioactivity decay.
Neither tank liquid level nor leak detection pit liquid level or radiation monitor gave any
indication of waste leakage from the tank based on data review for March 20, 1974
through June 29, 1975. The contamination was attributed to a Dresser coupling leak
(IDMS Accession #D194052992).

ARHCQO personnel conducted a field test to repair the vapor header by injecting a sealant
around the Dresser couplings for SST AX-102 (ARH-CD-587). However, the
effectiveness of the sealant was inconclusive and migration of contamination from the
vapor header continued. ARHCO personnel reported the results of the 241-AX vapor
header sealant test to the U.S. Energy Research and Development Administration and
recommended that normal operations continue in the 241-AX farm, using continued dry
well monitoring to “... provide assurance that any further vapor header lcakage will be
detected (IDMS Accession #D195006631).

The Dresser coupling joining SST AX-104 to the main vapor header showed continued
signs of leakage, as reported in January and April 1976 (OR-76-08 and OR-76-59). In
January 1976, drywell 11-04-01 experienced an increase in radiation detected at a depth
of 32-ft bgs, with a receding of the peak first detected in January 1975 at a depth of 25-ft
bgs. High soil moisture content was attributed to the cause for the downward migration
of contamination. In April 1976, drywell 11-04-01 experienced increase in radiation
detected at a depth of 33-ft bgs, fluctuating from 2,000 to 2,700 counts per second (cps).
This increase was attributed to high soil moisture content and the “... continuation of the
dispersion of radioactive contamination which has leaked to the ground from the exhaust
header which is located at a depth of ten feet and approximately 10-15 feet from the dry
well” (OR-76-59). The radiation detected in drywell 11-04-01 and 11-04-11 continued to
diminish in peak count per second.

4.7.3 Tank AX-104 Waste Loss Estimate

No increase in radiation was detected in the AX-104 leak detection pit or drywells
associated with this tank that was attributed to a tank leak. However, drywell 11-04-08
was observed in November 1977 to have an increase in radiation above background
reaching a peak of 247 cps at 64-ft bgs. The increase in radiation began in May 1976, but
did not exceed background levels until August 1976. The radioactivity in this drywell
had decreased to 204 cps on March 8, 1978, but then began to increase again reaching
287 cps on April 19, 1978 (IDMS Accession #293-006415). SST AX-104 was receiving
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PSS solution and sludge from final cleanout of SST AX-103 during the second quarter of
FY 1976 through December 1976 and was actively being sluiced from March 31, 1977
through November 5, 1977 and March 2, 1978 through April 20, 1978.

A new drywell, 11-04-19, was installed in March 1978 to further investigate the potential
for tank AX-104 to have leaked waste. Drywell 11-04-19 is situated between drywells
11-04-08 and 11-04-07 and is closer to tank AX-104. Initially, the radioactivity detected
in drywell 11-04-19 was less than the detection limit of 50 cps (SD-WM-TI-356 page 11-
04-10). RPP-8821 page 40 shows that the radioactivity detected in drywell 11-04-19
reached a maximum of ~200 cps 1978 and then slowly decreased. The radioactivity
detected in drywell 11-04-08 was subsequently correlated to ruthenium-106 decay rate
(RPP-8821 pages 36-40).

The cause for the increased radiation detected in drywell 11-04-08 could not be
determined. The strongest source of the radiation detected in drywell 11-04-08 was
determined to be due east, toward tank AX-104. The radioactivity detected in drywell
11-04-08 was subsequently correlated to ruthenium-106 decay rate (RPP-8821 pages 18-
21). The tank was classified as questionable integrity and removed from active service in
August 1978 as a result of the radioactivity detected in drywell 11-04-08 (IDMS
Accession #293-006415).

Drywells nearby SST AX-104 currently do not show any significant contamination
associated with a tank leak, as shown in Figure 4-20 (GJO-97-14-TAR, GJO-HAN-12).
The activity detected in drywells 11-04-08 and 11-04-19 show no signs of contamination
from a tank waste leak. Migration of Cs-137 contamination down the inside or outside
of the drywell casing is suspected to have affected the distribution of some of the
contamination detected in the drywells. Much of the bias of the drywell log data that is
due to drywell migration effects was removed from the surveys and is designated as
“removed” in Figure 4-20.

In an attempt to quantify the potential waste loss, Rockwell Hanford Operations
personnel averaged the waste loss for 18 other SSTs that had not shown a catastrophic
leak (i.e. excluded tanks T-106 and A-105). The average waste loss for these 18 SS8Ts 18
8,000-gallons. The estimated waste loss from tank 241-AX-104 was assigned 8,000-
gallons in HNF-EP-0182 based solely on the average waste loss from 18 other SSTs for
which liquid level decline was reported (Baumhardt 1989).
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Figure 4-20 Spectral Gamma Log Data from AX-104 Drywells
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The Field Investigation Report for Waste Management Areas C and A-AX (RPP-35434)
did not conduct specific characterization activities around tank AX-104. RPP-35484
states the primary indication of tank waste loss began in April 1975, when an increase in
gross gamma levels at 40-ft bgs were first noticed at drywell 11-04-11, which was
installed in January 1975. The following three paragraphs are taken from RPP-35484.

Elevated gross gamma levels are reported in the first measurements taken at
drywell 11-04-11 in January 1975 (1,490 c/s at 25 ft bgs, 255 c/s at 39 ft bgs, and
950 c/s at 64 ft bgs), suggesting the presence of pre-existing contamination. The
higher level counts diminished rapidly thereafter to near detection limit levels by
late 1978 (Figure 4-21). A similar profile was also observed at nearby

drywell 11-04-01 (Figure 4-22). In this drywell, maximum levels were found in
one depth interval between 15 and 40 ft bgs, and maximum values of nearly
8,000 c¢/s suggest that this drywell was closer to the source of leakage. Given the
relatively rapid decrease in gross gamma levels shown in Figure 4-21 and Figure
4-22, shorter-lived radionuclides (e.g., ruthenium-106) are likely the primary
radiation producers. Recent spectral gamma analyses show only measurable Cs'’
concentration near the surface, which may be related to these losses or some other
near-surface release. As with tank AX-102, analysts concluded that the source of
this waste release was part of the buried 20-in. vapor line and vessel vent header
system. [This conclusion is based on information presented in IDMS Accession
#D194052992.]

Two other drywells indicated elevated gross gamma contamination around tank
AX-104. In drywell 11-04-08, elevated gross gamma measurements (up to

350 ¢/s) were taken in 1977 and 1978 between 60 and 65 ft bgs. A reduction by
half within a year’s time suggests that ruthenium-106 was the primary contributor.
Whether this observation indicates a continuation of waste migration from the
same source affecting drywells 11-04-01 and 11-04-11 is not clear, though the
timing and radiation levels are consistent with that hypothesis. On the other hand,
no indications of elevated gross gamma activity were observed at

drywell 11-04-10, which is located between drywell 11-04-08 and the other
drywells. A migration path that bypassed drywell 11-04-10 appears problematic.
Drywell 11-04-10 is also notable for an apparently independent near-surface
waste loss. Unlike the other drywells around tank AX-104, mid 1990s spectral
gamma data analyses show Cs™ peaks at approximately 5 fi bgs, accompanied by
cobalt-60 and europium-154 peaks in the same location.

Tank AX-104 was identified as having questionable integrity in 1977 and
assumed a leaker of 8,000 gal because of vapor system losses in 1988. No reports
are available that explain the questionable integrity designation, nor is the
information used to determine the leak volume estimate of 8,000 gal given in past
assessments.
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[t should be noted that the questionable integrity designation for tank AX-104 is a result
of the radioactivity detected in drywell 11-04-08 (IDMS Accession #293-006415), as

previously discussed.

Figure 4-21 Historical Gross Gamma Log Data from Drywell 11 04 11
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Figure 4-22 Historical Gross Gamma Log Data from Drywell 11 04 01
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474 AX-104 Conclusions

The assessment team deems using the average waste loss for 18 other SSTs that had not
shown a catastrophic leak (i.e. excluded tanks T-106 and A-105) as a method of
estimating the waste loss from tank 241-AX-104 is not valid for the purposes of
establishing a waste loss inventory and volume. It is doubtful that PSS waste actually
leaked from tank 241-AX-104, since the leak detection pit and drywells associated with
this tank do not show the level of radiation that is normally associated with a tank waste
loss. The likely source of radioactivity detected historically in drywells 11-04-01 and 11-
04-11 is the leaking Dresser coupling associated with the tank offgas piping. The source
of the historical '°°Ru radioactivity detected in drywells 11-04-08 and 11-04-19 can not
be definitively determined, but could be from migration of contamination associated with
the Dresser coupling leaks in this tank farm or nearby condensate lines which may have
leaked. Ruthenium is known to readily migrate through Hanford soils.

It is recommended that HNF-EP-0182 be revised to indicate the waste loss volume is
indeterminate.

4.8 Unplanned Waste Releases

Information is provided on unplanned releases (UPRs) of tank wastes from pipelines,
diversion boxes, and other structures (i.e., ancillary equipment) within the Waste
Management Area {(WMA) A and AX at the Hanford Site. The WMA A and AX
encompasses the 241-A and 241-AX Tank Farms, which includes ten 1,000,000 gailon
capacity single-shell tanks (SSTs); diversion boxes 241-A-152, 241-AY-152, 3; transfer
box 241-A-153; diverter station 241-AX-152; valve pits 241-A-A, 241-A-B, 241-AX-A,
241-AX-B, 241-AX-01VP, 241-AX-02VP, 241-AX-03VP, 241-AX-04VP, 241-A-501,
241-AY-501, and 241-AX-501; miscellaneous underground storage tanks 241-A-350,
241-A-433, and 241-A-417; ventilation building 241-A-431, compressor building 241-A-
701, fan house 241-A-702, control room / change houses 241-A-271 and 2707-EB,
condenser building 241-A-401, 241-AX-801A and 241-AX-801B instrument building.
Additionally, there is an underground vapor header, seal pots, condensers, and de-
entrainment vessels that were used as part of the primary ventilation system for the 241-A
and 241-AX tanks. Section 4.8.1 discusses known UPRs and discusses available
documentation. Section 4.8.2 provides information on potential tank waste losses from
pipelines.
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Information on unplanned releases (UPRs) in the WMA A and WMA AX was collected
trom the following sources:

* DOE/RL-88-30, rev. 16, 2007, Hanford Site Waste Management Units Report,
Fluor, Richland WA

o RPP-35484, Field Investigation Report for Waste Management Areas C and A-
AX, M. P. Connelly, CH2M HILL Hanford Group In¢., Richland WA

o RPP-7494, 2001, Historical Vadose Zone Contamination from A, AX, and C Tank
Farm Operations, Fluor Federal Services, Richland WA

o RPP-25113, 2005, Residual Waste Inventories in the Plugged and Abandoned
Pipelines at the Hanford Site, CHZMHILL Hanford Company, Richland WA

e RPP-RPT-29191, 2006, Supplemental Information Hanford Tank Waste Leaks,
CH2MHILL Hanford Company, Richland WA

e Waste status summary and monthly report for the Hanford site from January 1945
through December 1980 (various reports)

e RHO-CD-673, 1979, Handbook 200 Areas Waste Sites, Rockwell Hanford
Operations, Richland WA

The information provided on each UPR consists of the date when the waste loss event
occurred, the waste type and estimate of the volume of waste discharged, if known.

4.8.1 Identified UPRs

DOE/RL-88-30, rev. 16, 2007, Hanford Site Waste Management Units Report, contains
the official listing of unplanned releases identified at the Hanford site. Information on

the UPRs associated with WMA A and WMA AX is summarized in Table 4-5. No new
information other than that already listed in DOE/RL-88-30 was located on these UPRs.

4.8.2 Suspect Pipeline Waste Loss Events

Several pipelines in the WMA A and WMA AX are known to have failed while
transferring tank wastes, as identified in Table 4-6. The date the failure was detected, the
waste type and the volume of waste that was leaked to the soil (if known) are listed in
Table 4-6. Unplanned releases (UPRs) have not been identified in DOE/R1.-88-30,
revision 16 for the failed pipelines listed in Table 4-6. In general, these pipeline leaks
were either small volumes of waste (less than 20 gallons) or the leaked waste type was
condensate. If a significant volume of condensate was leaked, this could cause migration
of contaminated from other leak sites. The inventory of radionuclides and contaminants
in these leaks would be insignificant in comparison with the estimated inventories from
tank waste leaks in the A and AX tank farms. A separate program has been developed to
examine the residual waste that may be present in pipelines or have leaked from failed
pipelines as part of investigations for waste management area 200-1S-1.
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CH2MHILL
MEETING SUMMARY Hantard Group. inc.
From; J. G. Field, CHXM HILL Hanford Group, Inc
Phone: 376-3153
Location: Ecology Office,
Date: November 27, 2007
Subject: Tank Fam Leak Evalustion
To: DistributionvAttendee s

Atendees:.  Joe Caggiano, ECOLOCY
Jim Field, CH2M HILL
Les Fort, ECOLOGY
Paul Heawood, $.M. Stoller
Mike fohnson, CH2M HILL
Marcus, Wood, FLUOR

PURPOSE:
Assess Tank 241~ A-105 leak evenls

Review of Previous Meeting Semmary:
The November 6, 2007 mee ting summary was revised per comments eovived from Ecology.
The v isions were reviewed and approved.

Review of C-Farme Asscssmaent Report

After the draft Hanford C-Farm Assessments Repont (RPP-ENV-33418, Rev, 13 s revised to
incofporate unplanned m ke ases, supple mental data and applicable meeting summaries, the epon
will be sent ta Ecology for review.  This differs from the original plan to relesse the draft Rev. |
previously sent to Ecology for seview with only the four tank leak assessments {C-101, C-110,
C-111 and C-105).

Discwssion of A- 105 Lesk Events
Marc Wood walked through the conceptual model prepared for the A/AX and C Farm Field
Investigution report (FIR). The conce ptual mode] and tank leak descriptions in the FIR wil be
meferenced in the ase ssment reporn and not duplicasted  Based 00 the conceptua! model
presented s approach to estimate a leak volume and inventory wes discussed. Leok volume and
inve ntory e stimates witl be developed for discussion in the next meeting. Assumptions for the
estimate will include:
l. Assume lakml gamma measurements ae Cs-137 contamination
2. Based on activity in the laterals near the edge of the tank and besed on where the siel
liver is ripped along the edge of the tank, up 1o % of the tank circumse iesce could have
leaked.
. The keak moves dow nward from the tank edge to the laterals in a triangular distribution.
4. The width of the contamination at the laferals is the average measurmed plume size for
adtivity detected along the lskerals.

(]
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3. The concentratinn of the enlire plume from tank to katerals is assumed to be at Cesium
saluation capacity.

6. The composilion of the tank leak was either B-Plant waste or PUREX i P13 wasie leaked.
The rlative amounts of cack wask rype are unkrown, but peovide arange for the
imeentory ¢ stimu ke,

NEXT MEETING AGENDA
1. Continue to Assess Tank 21-A- 108
2. Start A- T3 Assessment

ACTIONS:
1. 1 Field: Prpare and distribute November 27, 2007 Drul't Meeting Summary.
2. M. Johnson: Prepare Diaft C-Farm Assessment report (Rev. 13 for review .
3. M. JohnsonMark Wood: Prepare A- 103 discussion for next meeting summarizing
discussion in the C and AYAX FIR.

NEXT MEETING:

Date: Devember 11, 2007
Time: 3430
Lecation: ECOLOGY Uffice
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CH2MHILL

MEETING SUMMARY ke G
From: 1. G. Field, CH2M HILL Hanfisd Group, e
Phone: 3762753
Location: Ecology Oftice,
Drate: December 19, 2007
Subject: Tank Farm Leak Evaluation
Tew: Distribution/Attendoz s
Atendees:  Les, Fort, BECOLOGY

Linda Lehman, CH2M HILL

Marcus, Wood, FLLUOR
PURPOSE:
Assess Tank 241-A-105 and A- 103 leak events
Review of Previous Meeting Semmary:
The November 27, 2008 meeling summary was reviewed and approved as written,

Review of C-Farm Assessment Report

Les Fort noked that he had found out that Eoology concurrenice on the leak assessme nl process
report iRPP-3268 [ 1, requested in a letter submitled o Ecology on Ser!cmher:ﬁm . was pasl due,
Les equesied thet CHIM HILL resend a copy of the kak process s port and promised b tam it
amound promptly upen its receipt. He also noted that be is anxious bo see the revisions o the C
Farm beak loss summary e port.

Discussion of A- 105 Leak Informstion
Further discussion of tank A-105 was tahled forthe next meeting when Jim Field can attend.

Discwssion of A-103 Leak Informat kn

Marc Wood discussed the A-103 makerials and his findings. Marc noted that A- 103 was
considered to be a sound tank tor a very fong time. Anearlier study investigaked lakrals and no
contamination was foumd e xce pt some minor hits were seen in the bend outside the Tank Farm,
The laterals we re investigated again in 2003 and confirmed the findings of the prev ious shidy.

Inthe 1970 s they obeerved Fucteations in ligquid levels within the tank. This tank had been
mreeiving ion ex change wastes from B Plant. It wus also noted that the FIC was rapidly
hecoming encrusked in saits and its performance suspect It was considered to be a gassy active
tank that deve loped crusts and gas pocke i and therefore the variations in liquid kvels could not
he detinilively related to tank leaks.

[rata trom the labe |960's reported gross gamma signals at about 75 feet below ground surdace in
Dy wells 10-03-07 and JO-03-@1 which surround A- 103, These dry wells ar adjacent to the
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laterals and no significant ¢ vide poe of vontamination was found in the laterals. The gross
ramma measured in the in the dry wetbls in the 196('s is assumed to be ruthenium becanse litlle
o ey gamma activity was debected in subsequent logging of drywells 10-03-07 and 1003431
conducted in [987.

[twas voncluded that no vadase zome drywell or lakral messurements were attribuied to a
vadose rome beak and liquid leve ] measunemenl variations in tank A- 103 can be atributed ko
other cause s, such as trapped vapor releases in the waste and sall build-up on the FIC surtace
kvel gage. Mo detaikd discussion of ligquid level decreases will be included in the assessment
repork

The change in statts from a sound tank ko an sssumed leaker oocurred in the 1980 s. A panel of
experts was corve ned to deemine whether selected tanks were sound or were kakers. Their
charge was tohave beter than a 95% confidence kvel thal a tank was obe orthe other. The vote
for Eank A-10% was 3 for Soond and X not sure o the 95% confidence level, Because there was
some doubt the tank integrity classification was changed to to “assumed ~ Jeaker. They nssigned
a keak volume of 3300 gallons, which was based on the uncertainty in the FIC liquid level

me asure ments.

The assessment eam members prese nt concluded that based on the gvailabk infornation, there
is e videnoe that tank A-103 lost coninment and no leak ¥olume or invenlory was assiphed
tor this tank.

Tank A- 104 will be studied mex t, after concluding A- 105 leak discussions. The next meeting is
scheduled for Janwary 8, 2008,

NEXT MEETING AGENDA
. Coptinue b Assess Tank 241-A- 105
2. Starl A- 11 Assessment

ACTIONS:
I. 1 Field: Prepar and distribute December 8, 2007 Draft Moeting Summary.
2. M. Johnson: Prepare Draft C-Farm Assessment report iRev, 1) For review .
3. 1. Feld: Send Ecology e kak assessment process eport RPP-3268 1

NEXT MEETING:
Drae: December 11, 2007
Time: 34230

Law ation: ECOLOGY {tice
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CHZMHILL
MEETING SUMDMARY et Grup e
Fram: 1. G. Field, CH2M HILL Hanford Group, Inc
Phone: 3T6-3753
Lowation: Ecology Otfive,
Date: January 8, 2008
Subjecl: Tank Farm leak Evaluarion
Tex: Distributiony Attendev s

Atendees:  Joe Caggiano, ECOLUGY
Les Fory, ECOLOGY
Jim Field, CHXM HILL
Linda Le hman, CH2M HILL
Beth, Rochette, ECOLOCY
Marcus, Wond, FLUOR

PURPOSE:
Review Tank A-103 Assessment and Disciss Tank 24 1-A-105 kak volume calculations.

Revlew of Prevbhous Meeting Sunwmary:

The December 19, 2008 meeting sumniary was reviewed and changes were ientificd. Previous
discyssions and assessments tor tank A-103 were clarified. The changes will be made and the
December 19 meeting summary redistributed for review,

Revlew of C-Farm Assessment Repont

CH2M HILL provided a disk to ECOLOGY b eview Lhe C Farm kak loss assessment repart
(RPP-ENV-3341R, Rev. 1) and rquested comments by theend of January. It was noked that this
wY isicn does not change the write-up or vinclusions reviewed previousty for C-101, C-110, C-
L11 and C- 103 assessments. The peimary change is the addition of Unplanned Re beases (UPRsi
and other podeatiel feleass s ase ssed.

Discussion of A- 195 Leak [nformubon

Calculations for tank A- 105 leak volume estimates weme presented and discussed. The
calculations were based on assymplions docunented in the November 27 meeting. Based on
the se assum plions the velume of soil impaciked by the leak was calculated to be 14 500 113 with
220 Ciof Cs- 137 vbased on a cesium sorption capacity of 4E7 pCifg, RPP-ENV-33418, Rev.
0%, The kak volume calculation ranged from roughly 1,000 gallons ko 2000 gallons for a
PUREX sopernatant iCs- 137 concentration = 30.7 Cifgal) and for a B-Plent waste concentration
i 1.38 Ci¥galirespectively. Based on laleral gamma measureme nis the contamingtion appears to
te a combingtion of the two wask typos, but the relative contribution of each is unknown. Amy
dihation of the waste would further inagease the estimated leak volumw. However, neither the
wiuste type or dilution change the estimaked Cs-137 Cicontent.
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Alter reviewing the calculation participants agroed that the volume of soil impacted could have
boen larger than that assurmed for a triangular distribution of waste from the base of the tank to
the lagerals 10 Feel below. Asa esull calcuialions presenied were doubled o cover a word case
assuming wast? spread at the base of the tank as much as it did at the laterals fie. acylindrical
distribution frem the tank . This results in a Ci conte nd for the leak of 56,000 Ci with volumes
ranging from rmoughly 2,000 gal 1o 30,000 gailons. Detailed calculations and figures will be
prescoked in the assessment report,

Future Assessments
Tank A- 104 will ke stadied pex t meeting scheduled For fanuary 22, 20068,

Perticipants then discussed a potential shift in the Tank Farm leak assessments from Focusing on
lank farm closure needs to fiacusing on entral plateau vadose and groundwater priorities
identitied by the groyndwakrintegration project team (IPT).  All were suppontive of this shitt in
foeus. Prioritized groundwater needs are scheduled o be discussed Tanuary 23 in IPT roeelings.

NEXT MEETING AGENDA
1. A-104 Aszsessment

ACTIONS:
. 1. Field: Prepar and distribute January 8, 2006 Dirafl Meeting Summary.
2. Al review C-Farm Assessment report sRev. 10,
3. M. Wood: prepare A- 10 discussion lor next meeling

NEXT MEETING:

Date: January 23, 2008
Time: Ju4:30
Lewation: ECOLOGY (¥hce
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CH2MHILL
DRAFT MEETING SUMMARY Femtad Grup e
From: 1. G Field, CHM HILL Hanford Group, Inc
Phone: 376.3753
Lewation: Ecology Otice,
Datg: January 29, 2008
Subject: Tank Farm Leak Fvaluation
T Distribution/ Attlendoc s

Alendoes:  Joe Caggiano, ECOLOGY
Les Fon, ECOLOGY
Jim Field, CH2M HILL
Paul Henwood, STOLLER
Beth, Rochette, FCOLOGY
Marcus, Wond, FLUOR

PURPOSE;
R view Tank A-104 leak lies

Rer ew of Previous Meeting Semmary:
The December 19, 2007 and January 8, 2008 mecting summarie s we e reviewed and approved.

Discussion of A- LM Leak Information

The A-104 tank opemling history and waste types and laweral und drywell lugging resulls wer
discussed. This infismation will be included in the assessment report. Tank A- 104 was declared
an assund keaker based on an increae in adioactivity observed in lateral # 1 during sluicing in
April 1975, Lateral data obtained fiom 1977 o 1991 show elevaied gamma activity below the
Lank thel indicates the presence of a tank leak. The level of radionctiv ity measured at the lateral
<250 counts per second indivates that the leak was small. No ekevated activity was observed in
nearby drywells. ‘The basis For the 500-250) gallon krak estimate in HNF-EP-0152 will be
discussad in the next meeting.

NEXT MEETING AGENDA
I Complete A- 104 Assessmenl, Stant AX- (2 and AX- 104 Assessmenls

ACTIONS:
I. I Ficld: Prepare and distribule Jungary 29, 2008 Drait Meeting Summary.
2. M. Johnsor: Review basis for A- 104 leak volume estimate
3. M. Johnson: Prepare AX- 102 and AX- 104 information to discuss

NEXT MEETING:

Do Febrary |2 200s
Time: 304530
Lowation: ECOLOGCY Uttice
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G . CH2MHILL
DRAFT MEETING SUMMARY rustad Gp e
From: 1. G. Field, CHZM HILL Hantord Group, Inc
Phone: 376-3753
Lo ation: Ecology Office,

Drae: February 19, 200%
Subject: Tank Fam Leak Evaluation
Tex DistributionfAttendoe s

Distribution:  Joe Caggiane, EQOLDGY
Les Fort, ECOLOUGY 1 Attendee)
lim Field, CHXM HILL
Paul Henwexd, STOLLER i Attendee)
Michael E. Johnson i Attendee)
Beth, Rochette, ECOLUGY
Marcus, Wood, FLUOR

PURPOSE:
Review Tank A-104 leak volumeestimalke.
Review badk ground information for historical leaks from Tanks AX- 162 anpd AX-104.

Review of Previous Meeting Ssmunary:
The January 29, 2008 meeting summary was reviewad and approved without changes,

Discwssion of A- 104 Leak Volunw Estimate

HNF-EP-OI82, rew_ 237, Waste Starus Supsnary Report for Mok E rding December 3, 2007,
estimates betweaen 300 ta 2 500 gallons of wask was loss from SST A-1Q4 in 1978, The basis
for this estimale is cited as PNL-4688 Assessmiens of Single-Shell Tank Residual Laquid Issues.
Section 3.1.3.1 of PNL-4688 discusses past leaks Irom S5Ts as of May 1982 and provides s
tahle simmarizing estimated leak volume by each tank. PNL-4688 references RHO-RE-5R-14 -
May 1982, Waste Status Suemnary May 1982, as the source identifying kaking SSTs and states
the estimated waste kaked from SST A-104 is 2,500 gallons. RHO-RE-SR- 14 - May 1982

ide ntifies SSTs that were calegorized as having kaked wask, but does NOT list the volume of
wask leaked from any of these SSTs PNL-4688 provides no other basis for the e stimaked waste
loss from SST A-104.

The first lime estimake s for waste losses [rom SSTs appear in 8 monthly waske stalus summary
report is in Sepember 1983 (RHO-RE-SR- 14 - September 1985, page 280, The eporied
estimated waste loss from SST A- 104 is less than 1,500 gallons. The estimated wask loss from
SST A-L0d reported in RHO-RE-5R- |4 - September 1983 is consistent with the estimeted waste
loss of T00 o 1, 500 gallons repocted in July 1975 by the Hanfond site contractor in
comespondence with the 115, Epergy Resanch and Development Administralion iBurton, 1975
Furthe more, the tank farm contrector’s monthly report for June 1975 also e ponts the estimated
wasle loss from SST A-104 as 70wy |, X)) gallons ( ARH-LD-206 B, page 10
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None of the identified ke fesenoe documents provide an actual basis for the estlimaied waste loss
from $5T A-104. The team recommended thet the referenoe Tor the estimated wask Joss from
SST A-10d be ciled as Burnton 1975 in future revision of HNF-EP-0182 and the estimated waste
loss volume be changed b 700 to 1,500 gallons.

Discussion of Tank AX-162 Leak Loss

A summary of Tank AX- 102 design leatures, operational history, and historical kak loss
infirmation thal was Jistributed to team members prios to this meeting was reviewed amd
discussed.

At nkes discussed the kakage of condensak thot was evolved from Tank AX-102 through an
viderground vapor heeder as well, Condensete keakage from the underground vapor header was
detecied indrywell 11-02-11 when First monitored on February |1, 1975, Augerdrilling
conducted amund this vapor header in 1975 kead 1o the discovery that compression seals 1ix.
Dresser couplingss on Lhe vapor headir were lesking, A new drywell | [-02-12 installed in May
19975 conlimmed the condensake kakage fromthis vapor header. No histonical estimate was
Iocated for the volume of condensate leaked trom this vapor header. The boiling washe tanks in
the 241-AX and 241-A lank farms were connected to this header and material halance
information is inadeguak W determine vapor header losses.

The atlendees alsa ke viewed the hisworical gamma scans for drywells 11-02-11 and 110212
lrom RPP-8821. These scons show gross gammi radiation detected in dywells 11-02-11 and
1102- 12 were camrelabed to nithenium- 106 decay rate for rdioactivity detected at S0-60-tt hgs
incrywell 11-02-11 and 32-50+-ft bgs indrywell 1 1-02-12. The hislofical gross gamma radiation
deteced 32-30-0 bgs indrywell | 1-02-12 was alsi vome lated 1o cobalt640 decay rale as well,

Atendees also discussad the 1.25-inch liquid ke vel dacrease deleawd in Tank AX-102 from Jyne
I8, 1984 through May 27, 1988, This liuid level decrease is the basis Jor the estimated wask
loss of =3,00+gallons from Tank AX-102,

Discussion of Tank A X-104 Leak Loss

A summary of Tank AX- 104 design Features, operational history, and historical keak loss
information that was distributed o team me mbers prorto this meeting was review ed and
discussed. A graphical timeline for Tank A X- 104 evernts was also presented,

Aswith Tapk AX-102, the Dresser coupling joining the Tank AX-104 ¢ xhaust pipe to the
underground vapor header wus found 1o be leaking condensate in 1%F 5. No historical estimate
was locaked for the volume of condensate leaked from this vapor header, The hoiling waste
kanks in the 24 1-AX and 241- A tank Famms wer conmecied to this heeder and material balancy
intormation s inadequake to determine vapor header losses.

Tank AX-104 wasclassified as questionab ke integrity and removed from sctive service in August
1978 as a result of the radivactivity defected in drywell | 1-0448. However, the soure of the
mdioactivity detectad in drywell | {-04-08 could not be determined. The strongest gammia
radigtion signal was detected due cast, toward tank A X- 104, which led personnel in 1978 1o
suspect the integrity of the tank. No correspending liquid level decline orelevated radiation
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readings were detecied in the leak Jetection pit at the lime inc Rrased nadicastivily wias detcted
in drywell 11-04-08. The estimated waste loss of 3,000-gallons for tank AX-104 js based solely
on the averupe waste loss from 18 other SSTs for which liquid level decline was reparted.

The attendoes discussed that a conceptual mode | needs te be developed that would aceount tir
the postulated waste loss from tankAX- 104, This conceptual model would peed 1o acoount for
radicactivity detected in drywell 11-04-08 without corresponding aclivity being Jetected in the
kak delection pil associated with tank AX- 1.

NEXT MEETING AGENDA
L Complete AX- 102 and AX-161 Ase ssmenls

ACTIONS:
1. M. Johnson: Prepare and distribute February 19, 2008 Deafl Meeting Sutomary.
2. M. Johnson: Present historical gamma analyses for drywells surrounding Tank A X- 104 ar
next meeting.

3. M. Johason: Prepare AX- 102 timeline.
4. P. Henwood: Provide reference infommation for precision and detection capability tor
probes used o scan drywells.
5. P. Henwood: Rev iew gross gamma plots for drywells 11-02-12 [ 144-01, and 1 1-04-11
b Jetermine if corection of the data is needed hased on different probes used 1o scan
drywells.
NEXT MEETING:
Dale: March 4, 2002
Time: 300430

Loxc ation: ECOLOGY 1 Wlice oom 3B

Referemces:

ARH-LI206 B, L 975, Atlantic Richtield Harford Compary Mourhly Repory June 1975, Atlantic
Richlicld Hanford Company, Richland Washinglon

Burton, G., 1975, Sranus of Task 241-A- 104 Conpract Er 45-1 - 2130, ket e dated July 10, 1975
frem G. Burion Vi President Production and Waste Management Atlantic Richie ld
Hanford Company 1013, ). Elkert, Director Production and Waske Manage ment Programs
Division, 1.5, Energy Research and Developme nt Administration, Richland W ashington

HNF-EP-OI82, ev. 237, Wasee Sratis Swranary Reporr for Monrh Evding December 31, 2007,
C'H2M HILL Hanford Groep Inc,, Richland Washington

PNL-4688, 1983, Arsessme st of Single-Shell Tank Residual Liquad Daves, Munthy, K. 5 etal,
Pacific Northwe st Lahoratory, Richland, Washington
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RHO-RE-SR-14 - Moy 1982, Waste Starus Starimary May 1982, Reckwell Hanford e rations,
Richland Washington

RHO-RE-SR- 14 - September 1983, Waste Srars Sammary Seprember 1983, Rockwell Hanford
Operations, Richland Washington
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) . CH2MHILL
MEETING SUMMARY hynfard Grouge ine
From: 1.G. Field, CH2M HILL Hanlord Group, Inc
Phue: 362153
Location: Feology Office,

Date: March 4, 2008
Subject: Tank Famm leak Evaluation
Ter: Distribution‘Attendee s

Distribution:  Joe Caggiano, ECOLOGY
Jim Field, CH2M HILL
Paul Heowood, STOLLER
Michae| E. Johpson
Beth, Rochelte, EQOLDGY
Marcys, Wood, FLUDR

PURPOSE:
Complet? AX- 102 and AX-104 asessments.

Review of Previous Meeting Sumamnary:
The Febmary 19, 2008 meeting summary was reviewed and approved. Inlomation requested by
Fralogy will he included in the assessment repor.

Assigned actions were complkeled. Paul Hetrwood verified that the gross gamma data for
drywells 11-02-12, 1 1-04401 and | 1-04-1 | were obtained using prote 4. Therelor it was agrad
that conection of the dala is not eeded. The assessment e pont will clarily which probe was
usend to obtain the data.

The assessment kam was infommed that the C-Farm assessment eport iRPP-33141, Rev. liwas
issued and posted to a CH2M HILL e ttemal web page.

Discassion of AX- 1M Leak Volunee Estimate

Mike Johnson presenied histonic al gamma analyse s tor drywelts surmunding tank AX- 104,

Nex Cs- 137 was disoovered in the drywells around AX- 104 or AX- 102,

Dresser couplings provide o compression seal on the oue 1 surface of vapor header pipe segmenis
in the 241-AX and 24t-A lank tarms. The couplings provide fore xpansion and contraction of
the vapor header pipe segments | Sex Figure 11, The tegm concluded that wask losses from
Jdmesser couplings were a probab ke cause of nw asured gamma in drywells and a kak from the
bank was unlikely. No liquid level decreases were observed in Tank AX- 104, Other
contamination in nearby drywells and radicactivity surface data will be discussed in the next
meeting,
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Figure 1. Typical Dresser Coupling arrangement

Siyle 38 ad Sty 40
Couplirg Gashet

Discussion of AX- 102 Leak Volume Estimate

Contamination from a dresser coupling was verified as the source of 1975 contamination
discovered in a nearby drywell. However, no drywell contamination was discovered afler 1975
ornear the time of liquid level decreases. Liquid level decreases equating to 3400 gallons do not
correlate with potential evaporation losses  Liquid level measurement results have been
questioned because of a buildup of comosion/scum on the instrument probe. However, ther: is
insufficient evidence o verify the instrument was bad. It was further observed that AX-102 is
one of the few tanks where multiple gamma emitters were measured. Gamma emitiers should
have been observed if there was a 3400 gallon leak from the tank.

The panel concluded that ther is sufficient evidence to question a tank leak and no basis for
assigning a leak loss volume or inventory for this tank.

NEXT MEETING AGENDA
1. Complete AX-104 Assessments and begin UPR assessments.
In preparation for next meeting M. Johnson distributed a handout summarizing UPRs in
the A and AX Farms.

ACTIONS:

1. Field: Prpare and distribute March 4, 2008 Draft Meeting Summary.

P. Henwood: Review drywell data in A and AX farm

M. Johnson: Look up information for surface mdicactivity messurements in the farms

ot et

NEXT MEETING:

Date: April 1, 2008

Time: 3:00-4:30

Location: ECOLOGY Office room 3B
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ety e f - CH2MHILL
MEETING SUMNMMARY b Grup e
From: 1. G. Field, CH2M HILL Hankord Group, Inc
Phone: 362753
Location; Ecology Office,
Date: April 1, 2008
Subject: Tank Farm Leak Evaluation
T Distribution/Attendoe s

Distribution:  Joe Caggiano, EOOLIOGY
Jim Field, CH2IM HILL
Les Fant, ECOLOGY
Paul Henwond, 8. M. STOLLER
Michae | Johnson, CH2M HILL
Marcus Word, FLUGR

PURPOSE:
Complete AX- 104 Assessment and gssess other releases inthe A- and AX-Fam.,

Review of Previous Meeting Swmmary!

The March 4, 2008 mecting summary was reviewed. A typo was observed and a request to
detine “dresser coupling.'” Changes to the surmmary will be incorporated and the final summary
distributed.

C ontinued Discussion of AX-184 Leak Volume Estimate

It was noted that the gamma activity indry well [ 1-04-08 started to increase during sluicing of
tank AX-104. Several possibilities for the gamma activity were discussed. The gamma
signatire is not consistent with & tank keek. The only indication of a possible tank kak is the
continued incrase of gamma activity in 11-04-08 duning the previeus sluicing campaign,
However, AX-104 is a “hot”™ tank and thete was no obsetved evidence of a high activity waste
type in the soil, Parlicipants could not conclude wheother tank AX-104 lost integrity. However,
because the tank has atready been sluiced and setnaining residvals are "hot,”" participants
believed that AX- 104 is mot g likely candidute for sluicing regardless of whether it has lost
inbegrity.

Unpianned Releases

A list summarizing unplanned rele ases in 241-AX was prepared and discussed.

UPR's included in the Waste Information Data System /W IDS ) include the follow ing.
UPRs-E- 18 and FE-42 are outside the fam and are identified in WIDS as “clesped up* sites.
Clean up criteria and standards are not specified.

Note: UPR E- 115 and UPR-E-11% were inkerchanged onthe C-Farm and A Complex Drawing
M09 daed | 1-7-02 ineed o check to be sure these are correct in WIDS:.
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UPR-E-145 is far outside the Farms ido not include in assessmentr. The soil imentory model
«SIMjassumes a F3 waste type forthis release. 1t was noted that the waste s like ly conde nsate
i a vitritied clay pipe.

UPRs-F-47, 48, 115 and 119 ar identified in W IDS as particulate or smalt feleases. No
imentory could be determined.

Surface Radioactivity surveys from Feb, X006 ithe most carrent in IDMS) do not show high
adtivity between the tanks: only known ectivity is over the lanks at riser pit locations. Betwoen
the tasks a 10N cpm foear back ground was measuneds

Two locations not cume ntly ientified as UPRs wem identitied in 241-AX farm and discussed,

These were:

I Atdrywell {1-03-02 near AX- 105 highativity was observed. A tank integrity
assessment con luded AX-103 was not the source. The source of this activity is likely a
June 1966 10 10 X gal of high aclivity waste discharge from an air 1ift cincubator ajr
supply pipeline outed between AX- 103 and the AX-80 A instrument building,. The AX-
S01A instrument building was decontaminaied intermittently over a three week period
using waker and chemical rsodiun by drovide, citric acid, oxalic acid, tartari ¢ acid,
tri-sodium phosphate, and potassium pe rmanganate 1 Flushing. These tlush selutions were
initialy discharged o open tenches fquantity not specified) dug outside the buitding.
These trenches were backtilled with three ket of earth cover, Subsequently, Hushes wewr
rxted b two cribs af the northedge of tw 241-AX Farm. Following these Aushes, lead
shovt was installed inside the AX-801A building te further reduce the radiation dese rate
(150-416 PT1 page 4). Noreord was locabed that details the velume of the flush
solutions used.

. A pipeline faiture near AX-103 whire Cs-137 was observed al 25 fthgs. Thisis
attribuled to a pipeline kak beiwwen AX-102 and the I02C pump pit  Liguid was
ohserved coming from the ground near the AX- 103 pomp piton 1-29-68 during ate mpdis
o unplug the AX- 102 o C- 102 line with hot waker.

(]

Parlicipants reco mmended these pipeline ailures be added w WIDS along with pipeline leaks in
C-Farm that are not yet identified as UPRs

Mo tank vvertlows are indicaked tor boiling waste lanks in A and AX Farm. Mo detailed
descriptions and rele maces for these UPRs and information presentd during the meeting will he
inclyded in lhe A-AX Assessment rport.

Additioand Discussions:

C-Farm imventory Jiscussions in Tank Farm Vadvse Zone Contamination Volume Fstimates
(RPP-23405) wer updated consisbent with C-Farm keak assesstents IRPELENY-33418, Rev. |1
A dratt rev ision was distributed for Emlogy meview.

NEXT MEETING AGENDA
Be gin SX-Farm assessmerts
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ACTIONS:
1. 1. Field: Pepare and distribute April 1, 2008 Drait Mecting Summary.
2. M. Johnson: Prepare SX-Fam information fot discussion.
3. M. Johnson: Prepare A-AX Farm Assessment Report.

NEXNT MEETING:!

Date: Apnl 15, 2008

Time: 3450

Low atinn: ECOLOGCY IMfice room 3B
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et g . CH2MHILL
MEETING SU MMARY g Growp e
From: ). G, Field, CHM HILL Hankord Group, Inc
Phone: 3TH-ATSR
Location: Ecology Otfice,
Dnate: Aprl 15, 2008
Subjpect: Tank Farm Leak BEvaluation
Tor Distributi on‘Attendee s

Distribution:  Joe Caggiano, ECOLOGCY
lim Field, CH2M HILL
Les Fort, ECOLDGY
Paal Henwoead, 5. M. STOLLER
Michae! Johnsca, CH2M HILL
Beth Rochette, ECOLOGY
Marcus Wood, FLUOR

PURPOSE:
Bepin SX-Farm kak assessmenis

Review of Previous Mecting Senumary:
The April 1, 2008 mecting summary was reviewed and approved with changes

Additionsl Discussion of A/AX -Farm UPRs

Emphasis was added that the inventory fior UPRs in APAX —Farm could not be dekermined.
Although some UPRs are lisked as "cleaned up* in WIDS. The criteria for considering the sikes
cleaned up at the time are unknown, as is the detection timit for any instruments used b make
this judgment Typically in the past siles were cleansd ¢ nough to eliminay smearable

< ontamination and to allow workers inbo the location.

Assessinent of SX-114

Informalion seganding tank transte n, nperating conditions and contamination observed near $X-
114 was pre sented by Mike Johnson, Multipk unigue aspects of S X-Farm wene identitied.
Presentation details will be in the ussessment report.

5X- 114 was classified as an assumed feaker based on gammg activ ity 160,000 cpmy in drywell
41-04-116 nheerved measured in & 10°7 2 ab 38 it below ground surface ibgs), ahout 16 1 shove
the tank base. On &2 1/72 contamination was observed al 51 {t bgs. No liquid leve icess has been
observed and no kak inventory assigned in the past. However, ther are no known pipeling lvaks
around 5X-114 and a structurl failure was a typical cause of kaks for tanks with Empenature
and waste ype histoties similar to SX-114.

Basad on the gamma kevel and decay the drywell aclivity appears to he Ru-106 andsor Co-fi)
The woste type in the tank at the time was REDUIX lon Exchange waste. In this wask type, Cs-

Page 109



RPP-ENV-37956 Rev. 1

137 was extracked from REDOX high kevel waste, An action was assigned to look closer al the
records to determine the percent of Cs extracted in the process and the ratio of Cs 1o Ru waste
following extraction. This may ensble a rough calculation to estimake an upper bound leak
inventory. Lacking that, no leak volume estimate could be determined,

Because no Cs was observed and Ru- 106 has decayed, future chamcterization near drywell 4 1-
04-06 would target chemical constituents. This leak appears to be minor compared to other SX-
Farm releases and additional characterization may not be wamanted.

NEXT MEETING AGENDA
Continue SX-Farm kak assessments (SX-113 and 115)

ACTIONS:
I. ). Field: Pepare and distribute April 15, 2008 Draft Meeting Summary.
2. M. Johnson: Look for information showing the Cs- 137 concentration afler the Cs

extruction process and the C</Ru ratio for the waste,

(Finding: The HDW mv. 5 Model does not contain a separate defined waste type for REDOX
ion exchange waske and no sample analyses of this waste type were located. Therefore an
estimate of the waste loss inventory can not be made at this time using the Ru- 106
concentration and assumed leak geometry.)
3. M. Johnson: Prepare additional SX-Farm information for discussion.

NEXT MEETING:

Date: April 29, 2008

Time: 3:00-4:30

Location: ECOLOGY Office room 3B
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