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Ci curies 
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COC contaminant of concern 
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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.  Waste Management Area (WMA) C which encompasses the 241-C Tank Farm was 
selected for this re-assessment.  
 
Tank waste loss events were re-assessed for SSTs 241-C-101, 241-C-110, and 241-C-111, which 
have previously been designated as suspected of having leaked waste to the ground. 
Additionally, information on contamination in the soil surrounding SST 241-C-105 was 
reviewed to establish an inventory for the waste present in the soil below 15 ft.  Table ES-1 
summarizes the results of the re-assessment of tank waste loss events for these four SSTs and 
provides a comparison to the waste loss estimates contained in HNF-EP-0182, rev. 219 Waste 
Tank Summary Report for Month Ending June 30, 2006. 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. 1 (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 history for the 241-C Tank 
Farm was reviewed to determine if additional information exists for the three UPRs (200-E-153-
PL, 200-E-133, UPR-200-E-72) within the WMA C not associated with tank waste loss events.  
No significant new information was located for these UPRs.  However, potentially new UPRs 
were identified through review of the operational history for the 241-C Tank Farm.  Tank waste 
may have potentially been inadvertently discharged through the spare inlet nozzles on the SSTs 
or through previously unidentified pipeline failures.  The spare inlet nozzles on SSTs are 
suspected as not being sealed.  Waste may have potentially been discharged to the soil adjacent 
to a SST if the SST was filled to a level that resulted in submerging the spare inlet nozzles. Table 
ES-2 summarizes potential tank waste loss events associated with spare inlet nozzles for the 241-
C SSTs.  Additional pipeline failures that may have resulted in the loss of tank waste within the 
241-C Tank Farm are summarized in Table ES-3.  Insufficient information was available to 
estimate a volume of inventory of tank waste potentially discharged to the soil from the spare 
inlet nozzles or newly identified pipeline failures.  
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Table ES-1. Summary of Tank Waste Loss Events 
Tank Analysis HNF-EP-0182 

Waste Loss Estimate 
(gallons) 

RPP-ENV-33418 
Waste Loss Estimate 

(gallons) 
C-101 Data appears to be inconsistent and high 

uncertainty remains whether evaporation or 
tank leak occurred.  Until better supporting 
evidence is obtained, no changes to leak 
estimate in HNF-EP-0182. 

20,000 20,000 
Maybe P1 waste type 
or dilute condensate 

    
C-105 Data indicates leaks from multiple sources 

near tank C-105 including a potential leak at 
the base of the tank.  Waste volume in soil 
adjacent to tank calculations based on dry 
well logging data. 

0 40 to 2,000 
P1 waste type 

    
C-110 Waste loss appears to be the result of a tank 

overflow through spare inlet nozzles. 
2,000 Less than 2,000 

CSR waste type 
    
C-111 Evaporation calculations, plotted liquid level 

data, and evaporation rates clearly indicate 
that the liquid level decrease can be attributed 
to evaporation. 

5,500 0 
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Table ES-2. Potential Waste Losses Through Spare Inlets on WMA C SSTs 
Tank Date Waste Type Present in Tank 
C-101 June 1965 – December 1967 Received waste from CR Vault.  Tank contains CR 

Vault waste (28kgal), PUREX P2 (452kgal), and 
Coating Waste (CWP2) (94kgal). 

C-103 October 1953 – March 1957 Tributyl Phosphate Plant (TBP) Waste 
 June 1961 – December 1961 PUREX CWP2 

C-104 August 1958 PUREX CWP1 
 June 1965 – March 1966 After receiving 15,000 gallons of unknown waste type 

(likely PUREX CWP2 based on RL-SEP-332, page B-
2) from 244-CR Vault, the tank was filled above the 
spare inlets.  Majority of waste in tank is PUREX 
CWP2 

C-105 Pre-October 1967 Waste type unknown; soil contamination found 
beneath spare inlet nozzles during excavation in 
October 1967 

C-106 November 1951 Water added to metal waste (MW2) 
C-106 December 1965 – March 1966 PUREX P2 HLW supernate 
C-109 June 1961 – December 1961 PUREX CWP2 

 June 1965 – March 1968 Tank received 19,000 gallons from 201-C Sr 
Semiworks (HS).  Tank contains 112,000 gallons of 
evaporator bottoms (BT-SltCk), 300,000 gallons of 
PUREX CWP2, and 142,000 gallons of Sr Semiworks 
waste (HS). 

C-111 May 1957 TBP Waste 
 September 1957 Scavenged 242-B BT-SltCk waste (i.e. concentrated 

1C/CW and TBP wastes) 
C-201 December 1955 – January 1956 

June 1961 – June 1963 
201-C Hot Semiworks waste from PUREX flowsheet 
tests (Note: this is not waste type HS). 

C-202 January 1957 – March 1957 
June 1957 – October 1958 
June 1961 – December 1963 

201-C Hot Semiworks waste from PUREX flowsheet 
tests (Note: this is not waste type HS).  Last waste 
transferred into tank was 201-C building flush 
solutions. 

C-204 March 1968 – March 1970 201-C Hot Semiworks waste from PUREX flowsheet 
tests (Note: this is not waste type HS) and 201-C 
building flush solutions. 
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Table ES-3. Potential Pipeline Failures Not Previously Reported  
in DOE/RL-88-30, revision 16 

Date Waste Type (1) Waste 
Discharged 
(Gallons) 

Event Description from Reference References 

6-1964 HS - 201C 
Strontium 

Semiworks Waste 

No estimate “The underground process line from the 252-C diversion box to 112 tank, C Tank farm, 
failed.  The failed pipeline was isolated.  Jumpers were fabricated and installed to 
establish a new process route.” 
 
The failed pipeline is line V172. 

RPP-RPT-29191, 
page 115 

11-1964 Cesium Depleted 
PUREX HLW 
Supernate (P1) 

No estimate Installation was completed on an alternative effluent return route from the 801-C 
Cesium Loadout Building to Tank 103-C. 
 
See drawing H-2-4574, Process & Service Piping Tanks to Loadout Station for details 
of this piping.  A three-way ball valve was inserted in the 801-C effluent return line to 
SST C-102 to enable routing waste to SST C-103 or C-102.   

RPP-RPT-29191, 
page 115 

2-1965 PUREX CWP2 No estimate “On February 18, 1965 the 244-CR Vault was found flooded up to approximately the 
level of the tank tops.  Immediate steps were taken to reduce the liquid level by jetting 
the solution to the 011 Tank.  Partial cause of the flooding is attributed to a failure in the 
coating waste line which enters the 151-CR diversion box.  Drainage from this diversion 
box collects in the 002-CR vault sump.  Water from a sampler flush line and drainage 
from rain and snow contributed to the liquid level in the vault.  To date, the 001, 002, 
and 003 sumps have been emptied, and the 011 sump is being emptied, to the 011 Tank.  
This liquid is being pumped from the 011 Tank to Tank 103-A in the 241-A Tank Farm. 
 
In trying to establish a coating waste routing from the Purex Plant to the 241-C Tank 
Farm a leak was also discovered in the underground line adjacent to the 152-A 
Diversion Box.  Because of the two apparent leaks in this line it has been abandoned as 
being unusable.” 

RPP-RPT-29191, 
page 116 

3-1965 PUREX CWP2 No estimate “A liquid level rise in Tank 103-C, the cesium feed tank, was apparently caused by a 
failed line in the encasement between the 152-CR diversion box and Tank 102-C which 
permitted coating waste from the Purex Plant to leak into the encasement and drain to 
Tanks 101-C, 102-C, and 103-C via the tank pump pits.  Coating waste has been routed 
through a spare line to Tank 102-C and no further leaks have been detected.  The 
coating waste solution accumulated in Tank 103-C did not significantly affect cesium 
loading capability as a cask was loaded normally following the incident.” 
 
Note: Pipeline 8041 is inside a concrete encasement was used to route the PUREX CW 
to SST C-102 (see drawing H-2-44501, sheet 92).  This encasement traverses from 

RPP-RPT-29191, 
page 116 
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Table ES-3. Potential Pipeline Failures Not Previously Reported  
in DOE/RL-88-30, revision 16 

Date Waste Type (1) Waste 
Discharged 
(Gallons) 

Event Description from Reference References 

diversion box 241-CR-152 along the west side of SSTs C-101, C-102, and C-103.  In 
order for the PUREX CW to drain into SSTs C-101, C-102, and C-103, the encasement 
containing the failed transfer pipeline must have partially filled with waste.  The 
integrity of this encasement is unknown and may have leaked waste to the soil.  
Drawing H-2-2338, sheet 45 indicates pipeline 8041 is out of service.  Pipeline 8041 
connects from nozzle U-3 in the 241-CR-152 diversion box and nozzle U-2 in pit 02C 
atop SST C-102. 

5-1966 PUREX CWP2 No estimate “A leak in the PUREX coating waste route (152-CR diversion box) was detected by an 
abnormal liquid level increase of the 002CR vault sump.  The leaking flexible jumper in 
the 152CR diversion box was replaced.” 
 
Note: Diversion box 241-CR-152 and 244-CR Vault sump are concrete structures with 
painted surfaces.  It is uncertain whether leaked waste was contained inside diversion 
box 241-CR-152 and 244-CR Vault sump. 

RPP-RPT-29191, 
page 118 

Pre-1988 PUREX P2 
supernate 

No estimate Pipeline V-103 - “Earlier investigations of the extremely high levels of contamination 
found between Tanks 104-C and 105-C are described in reference (10).  The following 
observations were documented at the time and were the bases for the conclusion that 
both tanks were sound: 
 

The fill line V-103 was stated to have been abandoned at an earlier date due to 
pipeline leakage, and the activity noted in DW 30-03-02 could have been due 
to migration of pre-existing contamination that was first seen in the exploratory 
scans.  This line was part of the old PUREX supernate (PSN) transfer route 
from Tank 241-AX-101.  The material was thermally hot, and water injection 
was required to maintain a temperature below 60oC.  The cause of failure was 
believed to have been due to thermal shock induced by the intermittent 
transfers. 

 
In-tank photographs failed to show any evidence that either tank was unsound.  
However, the Tank 241-C-105 photos indicated that the tank had been filled to 
a level above that of the cascade and sidefill pipelines.  The possibility of 
leakage through the wall penetration seals was discussed. 
 

The liquid levels in Tank 241-C-105 and -104 remained at a high level for almost six 

Environmental 
Protection Deviation 
Report 87-10, page 4 
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Table ES-3. Potential Pipeline Failures Not Previously Reported  
in DOE/RL-88-30, revision 16 

Date Waste Type (1) Waste 
Discharged 
(Gallons) 

Event Description from Reference References 

months after the first exploratory well scans, and the observed activities, including that 
in DW 30-03-02, had remained stable throughout, whereas seepage from either tank 
would normally have been seen as steadily increasing radiation at the 35 to 41 feet farm 
excavation depth.  The activity at this depth however has diminished in all wells since 
1974.” 

Unknown Unknown No estimate Line V112 is identified as a leaker adjacent to diversion box 241-C-151.  The date and 
amount of waste leaker from this pipeline is unknown. 

RPP-25113, page 7 

Notes: 
(1) Waste types are defined in RPP-26744, Hanford Soil Inventory Revision 1. 
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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 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 (UPRs), 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. 1 (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-C tank farm.  This revision of this report 
contains the re-assessment for SSTs 241-C-101, 241-C-110, 241-C-111 and 241-C-105, as well 
as UPRs within the 241-C Farm.   
 

Page 14 of 222 



RPP-ENV-33418 Rev. 1 

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-SX 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.  As with the tank waste surface-level measurements, there are uncertainties 
associated with the use of gross gamma logging data as a leak detection system.  Three sources 
of uncertainty are as follows: 
 
1. Number and location of wells: There were rarely more that 6 drywells surrounding the 

100-series SSTs (circumference approximately 235 ft).  Consequently, the absence of gamma 
activity in a well 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 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.  
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During the active operation of the SST farms, either an anomalous liquid-level measurement or a 
significant increase in gamma activity in a drywell 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-C Tank Farm.  The assessment team membership is listed in Table 3-1. 
 

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 
Office of River Protection 

Tank Farms Programs and 
Project Division 
representative 

Jeffery Lyon Washington State 
Department of Ecology 

Regulatory oversight; 
review and approval of leak 
volumes and compositions 

 

Page 17 of 222 



RPP-ENV-33418 Rev. 1 

In accordance with RPP-32681, the following steps were conducted in reassessing waste losses 
within the 241-C Tank Farm: 
 

• 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). 

 
• 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. 
 

• 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.  

 
• 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. 

 

4.0 REASSESSMENT OF WASTE LOSS EVENTS IN 241-C TANK FARM 
The information gathered and the reassessment results for each of the SSTs and UPRs in the 241-
C Tank Farm are discussed in this section.  Several processes were conducted at the Hanford site 
that generated wastes transferred to the 241-C Tank Farm.  These processes and the waste types 
generated are discussed in the Standard Inventories of Chemicals and Radionuclides in Hanford 
Tank Wastes (HNF-SD-WM-TI-740).  Additional subsections will be added to this section as 
additional SSTs and UPRs in the 241-C tank farm are reassessed. 
 
The 241-C Tank Farm consists of twelve, nominally 530,000 gallon capacity SSTs and four 
nominally 55,000 gallon capacity SSTs.  Figure 4-1 and Figure 4-2 depict the two types of SSTs 
present in the 241-C Tank Farm.  The larger capacity SSTs are collectively referred to as the 
100-series SSTs, whereas the smaller capacity SSTs are referred to as the 200-series SSTs.  
Drywells were installed around the 100-series SSTs (Figure 4-3) to aid in detecting waste loss 
events.  No drywells are installed adjacent to the 200-series SSTs. 
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HRR Information: High resolution resistivity was used between August and December 2006 to 
conduct geophysical investigation within the 241-C Tank Farm (RPP-RPT-31558).  The 
preliminary geophysical investigation was performed by collecting resistivity data using 
69 drywells within the tank farm and with a set of 8 monitoring boreholes (e.g., groundwater 
wells), 1 buried electrode, and four surface electrode arrays outside of the farm.  The four surface 
electrode arrays were run parallel to the tank farm fence line.  Only the well to well electrode 
readings provided resistivity data having the capability to identify and delineate contaminant 
plume features within and around tank farms.   
 
Areas of low resistivity are shown in Figure 4-4 for the 241-C Tank Farm.  Areas with low 
resistivity are most likely associated with increased soil moisture or inorganic salt concentration, 
which could be due to waste loss events.  Specific areas of low-resistivity values within the 
241-C tank farm are a region near tanks 241-C-101, 241-C-102, 241-C-104, C-105, and 
241-C-107, along with a smaller low-resistivity zone near tank 241-C-108. 
 
 



RPP-ENV-33418 Rev. 1 

Figure 4-1.  Nominally 530,000 Gallon Capacity 75-Ft Diameter SST 
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Figure 4-2.  Nominally 55,000 Gallon Capacity SST 
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Figure 4-3.  Drywell Locations in 241-C Tank Farm 
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Figure 4-4.  Areas of Low Resistivity within 241-C Tank Farm (Aug. – Dec. 2006) 
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4.1 Reassessment of Tank 241-C-101 Waste Loss Event 
 
4.1.1 Background 
 
Tank 241-C-101 has a capacity of 2,006,000 liter (530,000 gallon) and a diameter of 22.9 m (75 
ft).  Tank 241-C-101 is presently passively ventilated and is the first tank in a three-tank cascade 
that includes tanks 241-C-102 and 241-C-103.  Figure 4-5 provides the orientation of tanks 241-
C-101, 241-C-102 and 241-C-103 along with piping connections to tank 241-C-101.  The base of 
tank 241-C-101 is approximately 38 feet below grade.  The inlet nozzles on the tank side wall are 
approximately 20.5 feet below grade; whereas the cascade overflow pipeline to tank 241-C-102 
(not visible in Figure 4-5) is approximately 21 feet below grade.  Figure 4-1 provides details of 
these piping penetrations into the single-shell tank.   
 
Tank 241-C-101 began receiving metal waste (MW) from the 221-B Plant bismuth phosphate 
process in March 1946.  In May 1946, the tank was declared full and began cascading waste to 
tank 241-C-102.  Tank 241-C-102 was filled with MW in August 1946 and MW supernatant 
cascaded to tank 241-C-103.  The cascade of tanks 241-C-101, 241-C-102 and 241-C-103 was 
filled with MW in October 1946.  MW from the 221-B Plant was then diverted to other single-
shell tanks for storage. 
 
The MW sat undisturbed in tank 241-C-101 until the fourth quarter of 1952.  A uranium 
precipitate formed in the MW, settling to the bottom of the tank as a sludge layer.  The MW 
supernatant and sludge were removed from tank 241-C-101 from the fourth quarter 1952 through 
May 14, 1953.  MW removal from tanks 241-C-102 and 241-C-103 was also conducted during 
this period.  These tanks were inspected and deemed fit for re-use to store additional waste. 
 
Tank 241-C-101 received Tri-Butyl Phosphate (TBP) Plant waste intermittently from 221-U 
Plant1 beginning on May 15, 1953 (HW-28377, page 4).  During August 1953, tank 241-C-101 
was filled with TBP Plant waste and supernatant was cascaded to tank 241-C-102.  TBP Plant 
supernatant waste was pumped from tank 241-C-101 to tank 241-C-103 in September 1953.  The 
reason why waste was not cascaded from tank 241-C-101 to 241-C-102 and then to 241-C-103 is 
not provided in the monthly tank farm reports.  The cascade overflow line from tank 241-C-101 
to tank 241-C-102 may have been plugged.  The cascade overflow line to tank 241-C-102 is first 
noted in the tank farm monthly reports as being partially plugged in June 1954 (HW-32389, page 
4).  All three tanks were noted as being filled with TBP Plant waste in October 1953. 

                                                 
1 The Tri-Butyl Phosphate Plant was also known as the uranium recovery plant, which was located in the 221-U 
Plant. 
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Figure 4-5.  Orientation of Tanks 241-C-101, 241-C-102 and 241-C-103 
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In December 1955, TBP Plant supernatant waste was transferred from tank 241-C-101 to 
the 244-CR Vault for precipitation of cesium and strontium using ferrocyanide (so-called 
In Farm scavenging)2.  The TBP Plant waste along with the ferrocyanide (FeCN) 
precipitate was discharged to tank 241-C-109 for settling of the precipitate, with the 
supernatant then transferred to 216-BC-4 crib (HW-44784, page 20).  Tank 241-C-101 
was then refilled (total waste volume 485,000 gallons) with TBP Plant supernatant from 
tank 241-C-104 in January 1956.   
 
In September and October 1956, 354,000 gallons of TBP Plant supernatant were 
transferred from tank 241-C-101 to 244-CR Vault for In Farm scavenging, leaving 
approximately 131,000 gallons of waste in tank 241-C-101.  The TBP Plant waste along 
with the ferrocyanide (FeCN) precipitate was discharged to tank 241-C-112 for settling of 
the precipitate, with the supernatant then transferred to 216-BC-10 crib (HW-48518, page 
19).  The volume of waste in tank 241-C-101 was later revised to 98,000 gallons in 
February 1957 as a result of a new waste surface electrode measurement.   
 
Tank 241-C-101 continued to be used through 1957 as the feed tank to the In Farm 
scavenging process conducted in the 244-CR Vault.  Tank 241-C-101 received TBP Plant 
supernatant and 242-B Evaporator bottoms wastes from the tanks listed in Table 4-1.  The 

                                                 
2 Tank 241-C-101 was sometimes referred to as tank 101-CR when used in conjunction with the 244-CR 
Vault for In Farm scavenging operations. 
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scavenged waste was transferred to tanks 241-C-108, 241-C-109, 241-C-111 and 241-C-
112 for settling of the FeCN precipitate before discharge to the 216-BC trenches.    
 

Table 4-1.  TBP Plant Supernatant and 242-B Evaporator Bottoms  
Transferred to Tank 241-C-101  

Tank Volume, gallons Date Reference 
241-BY-101 455,000 June 1957 HW-51348, page 5 
241-BY-102 717,000 June 1957 HW-51348, page 5 
241-BY-101 227,000 July 1957 HW-83906-C RD, pages 64 
241-BY-103 551,000 July 1957 HW-83906-C RD, pages 64 
241-BY-103 162,000 August 1957 HW-83906-C RD, pages 72 
241-B-101 228,000 August 1957 HW-83906-C RD, pages 72 
241-B-102 424,000 August 1957 HW-83906-C RD, pages 72 
241-B-103 297,000 August 1957 HW-83906-C RD, pages 72 
241-B-107 265,000 September 1957 HW-83906-C RD, page 80 
241-B-108 399,000 September 1957 HW-83906-C RD, page 80 
241-B-109 403,000 September 1957 HW-83906-C RD, page 80 
241-B-106 379,000 October 1957 HW-83906-C RD, page 88 
241-B-112 495,000 October 1957 HW-83906-C RD, page 88 

241-BX-110 88,000 October 1957 HW-83906-C RD, page 88 
241-BX-110 113,000 November 1957 HW-83906-C RD, page 97 
241-BX-111 511,000 November 1957 HW-83906-C RD, page 97 
241-BX-108 484,000 November 1957 HW-83906-C RD, page 97 
241-BX-109 243,000 December 1957 HW-83906-C RD, page 104 

 
 
Tank 241-C-101 contained approximately 98,000 gallons of sludge and approximately 
27,000 gallons of supernatant following the completion of the In Farm scavenging 
process in January 1958.  The tank did not receive any waste again until 1960.  Beginning 
in December 1960 (HW-68292, page 4) and intermittently until 1962, tank 241-C-101 
received plutonium-uranium extraction (PUREX) process cladding removal waste (CW) 
from the PUREX Plant.  During 1962, tank 241-C-101 was filled and further additions of 
PUREX cladding removal waste led to the cascade of supernatant to tanks 241-C-102 and 
241-C-103.  The PUREX cladding removal waste was subsequently transferred from 
tanks 241-C-102 and 241-C-103 to tanks 241-BX-101 and 241-BX-102.  Tank 241-C-101 
stopped receiving PUREX cladding removal waste in June 1962 (HW-74647).  The 
PUREX coating removal waste was transferred to tank 241-B-107 in the fourth quarter of 
1963, leaving ~94,000 gallons of sludge in tank 241-C-101. 
 
In the fourth quarter of 1963, tank 241-C-101 received 276,000 gallons of PUREX HLW 
supernatant (PSN) from tank 241-A-102 in order to prepare tank 241-A-102 for use in 
sluicing sludge from tank 241-A-103 (HW-80379, page 4).  Tank 241-C-101 also 
received 172,000 gallons of PSN from tank 241-A-103 in the first quarter of 1964 
(HW-83308, page 4), bringing the total waste volume to 546,000 gallons, which is above 
the cascade overflow level.  In the second quarter of 1965, tank 241-C-101 is reported to 
have received 28,000-gallons of waste from 244-CR Vault and the tank liquid level was 
reported as 574,000-gallons (RL-SEP-659, page 4), which exceeds the nominal operating 
capacity of 530,000 gallons and the cascade overflow level.  However, there is no record 
that waste cascaded from tank 241-C-101 into tank 241-C-102 during this timeframe.     
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No additional transfers of waste into or waste removals from tank 241-C-101 are reported 
until the fourth quarter of 1969.  Table 4-2 summarizes the waste level in tank 241-C-101 
for 1963 through 1970.  During the period between January 1965 and September 1969, 
the liquid level decreased in tank 241-C-101 from 574,000 gallons to 538,000, a decrease 
of 36,000 gallons.  No records could be located indicating the basis for the decrease in 
tank 241-C-101 liquid level.  In the fourth quarter of 1969, the supernatant in tank 241-C-
101 was transferred to tank C-105 and then to B Plant for processing through the cesium 
ion exchange system.   The pumpable liquid was removed from tank 241-C-101 in 1969, 
leaving approximately 47,000 gallons of supernatant (~17 in.) covering 87,000 gallons 
(~40.7 in.) of sludge.  The liquid level continued to decrease from 1970 through 1974.  
 
Tank 241-C-101 was removed from service in the first quarter of 1976.  It was 
categorized as a confirmed leaker in 1980 with an approximate leak volume of 20,000 
gallons.  Intrusion prevention was completed in December 1982, and the tank was 
interim-stabilized in November 1983 (HNF-EP-0182, rev. 219).  Table 4-2 and Figure 4-6 
summarize the waste history for tank 241-C-101.  
 
As of June 30, 2006, tank C-101 contains 88,000 gallons of sludge (HNF-EP-0182, 
rev. 219). The estimated volume is equivalent to 39.5 in. referenced to the tank center 
bottom.  For inventory estimates, the waste is designated as PUREX coating removal 
waste and TBP sludge with 4,000 gallons of drainable interstitial liquid and no pumpable 
liquid (TWINS).  
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Table 4- 2.  Tank 241-C-101 Waste Inventory 1963 – 1970 

Period 
Tank 241-C-101 
Waste Volume 

(Kgal) 
Comments Reference 

01/01/63 – 6/30/63 524 Tank contains a mixture of PUREX coating 
removal waste and TBP Plant waste.  Tank 
contains 109,000 gallons of sludge. 

HW-78279, page 4 

07/1/63 – 12/31/63 370 Transferred 430,000-gallons of supernatant 
out of Tank 241-C-101 to 241-B-107.  Tank 
241-C-101 received 276,000-gallons of 
PUREX HLW from tank 241-A-102.  Tank 
contains 109,000 gallons of sludge. 

HW-80379, page 4 

01/01/64 – 06/30/64 542 Tank 241-C-101 received 172,000-gallons of 
PUREX HLW from tank 241-A-103. 

HW-83308, page 4 

07/01/64 – 12/31/65 546 New electrode (reading confirmed) RL-SEP-260, page 4 
01/01/65 – 06/30/65 574 Received 28,000-gallons of waste from 244-

CR Vault 
RL-SEP-659, page 4 

07/01/65 – 09/30/65 568  RL-SEP-821, page 4 
10/01/65 – 12/31/65 565  RL-SEP-923, page 4 
01/01/66 – 03/31/66 563  ISO-226, Page 4 
04/01/66 – 06/30/66 571 New electrode reading ISO-404, Page 4 
07/01/66 – 09/30/66 565  ISO-538, Page 4 
10/01/66 – 12/31/66 563  ISO-674, Page 4 
01/01/67 – 03/31/67 557  ISO-806, Page 4 
04/01/67 – 06/30/67 555  ISO-967, Page 4 
07/01/67 – 09/30/67 555  ARH-95, Page 5 
10/01/67 – 12/31/67 549  ARH-326, Page 5 
01/01/68 – 03/31/68 545  ARH-534, Page 5 
04/01/68 – 06/30/68 545  ARH-721, Page 5 
07/01/68 – 09/30/68 545  ARH-871, Page 5 
10/01/68 – 12/31/68 541  ARH-1061, Page 5 
01/01/69 – 03/31/69 541  ARH-1200A, Page 5 
04/01/69 – 06/30/69 538  ARH-1200B, Page 5 
07/01/69 – 09/30/69 538  ARH-1200C, Page 5 
10/01/69 – 12/31/69 132 7,000 gallons liquid; transferred 404,000 

gallons to B Plant via tank C-105 
ARH-1200D, Page 5 

01/01/70 – 03/31/70 134 47,000 gallons liquid ARH-1666A, Page 5 
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Figure 4-6.  Tank C-101 Waste Surface Level History 
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4.1.2 Historical Basis for Leak Declaration 
Prior to 1980, no estimate of the potential waste loss from tank 241-C-101 was made.  A 
review team was established in 1979 to evaluate information available on nine single-
shell tanks suspected to have leaked waste to the environment (RHO-CD-896).  The 1980 
review team membership included the following tank farm organizations: 

• Surveillance 
• Process Control 
• Effluent Control 
• Chief Scientist 

 
RHO-CD-896 indicates tank 241-C-101 was pumped to a minimum heel in 1969 (~44 
in.) following an unexplained liquid level decrease from 194.5 in. in January 1968 to 
190.5 in. in December 1969 (RHO-CD-896, pg. 48).  Also, radioactivity was detected in 
the three of the five drywells around this tank (RHO-CD-896, pg. 46): 
 

• 30-00-06 
o Available data from 1968 – 1979 show only background 

• 30-01-01 
o No radioactivity when initially monitored, 
o 450 c/s at 33 feet in August 1971 
o Activity slowly receded to 50 c/s (1979) 

• 30-01-06 
o Drywell activity at several depths 
o Maximum peak 4,250 c/s at 73 feet when first monitored (1970) 
o Activity slowly receded to 70 c/s at 73 feet (1979) 

• 30-01-09 
o Extensive drywell activity found at several depths when first 

monitored (1970) with maximum activity ~17,000 c/s between 29 
and 36 foot levels 

o Activity (15,000 c/s) at 26 feet is stable with very little decay 
o Activity at 36 feet (~6,400 c/s) has decreased to ~200 c/s (1979) 

• 30-01-12 
o Very low level activity (~12 c/s) in top 20 feet when first 

monitored and activity is presently stable at background levels 
 
Tank liquid level data presented in Table 4-2 indicates the liquid level in tank 241-C-101 
may have began decreasing as early as 1965.  This tank was classified as having 
questionable integrity in 1970.  The tank was classified as a confirmed leaker in 1980 
based on recommendations of the 1980 review team. 
 
The findings of the individual review team members are summarized in Table 4-3 (RHO-
CD-896, pg. 52-54).  The review team concluded 17,000 to 24,000 gallons of waste had 
leaked from tank 241-C-101 during January 1968 through December 1969 (RHO-CD-
896, pg. 4).   
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Table 4-3.  1980 Review Team Findings for Tank 241-C-101 

Tank Farm Group Leak Estimate 
Surveillance Recommended classifying tank as confirmed leaker with 

estimated waste loss of 24,000 gallons 
Process Control Recommended classifying tank as confirmed leaker with 

estimated waste loss of 10,000 to 24,000 gallons 
Effluent Control Recommended classifying tank as confirmed leaker, however, no 

estimate of waste loss 
Chief Scientist Recommended classifying tank as confirmed leaker, however, no 

estimate of waste loss 
 
4.1.3 Data Review and Observations 
Drywell Information: In 1970, several new dry wells (30-01-01, 30-01-06, 30-01-09 and 
30-01-12) were installed around tank 241-C-101.  Drywells 30-01-01 and 30-01-12 were 
installed in March 1970.  Drywell 30-01-06 was installed in January 1970.  Drywell 30-
01-09 was installed in April 1970.   
 
During the drilling of the fourth drywell on March 17, 1970, 5,000 - 10,000 c/m 
contamination was encountered at the 38-foot level and drilling was terminated (ARH-
1526-1, page 130).  Drilling of the fourth drywell was resumed on March 18, 1970 and 
5,000 to 10,000 c/m contamination was encountered between the 42 and 48 foot level, 
but after 48 foot, no contamination was seen (ARH-1526-1, page 132).  Drilling of the 
fourth drywell around tank 241-C-101 was reported as being completed on March 24, 
1970 (ARH-1526-1, page 138).  Contamination was not reported as being encountered 
during the drilling of other wells around tank 241-C-101.  It is not clear which drywell is 
referred to as the “fourth” in ARH-1526-1.  Since this is the last drywell installed around 
tank 241-C-101 in 1970, it is thought that the “fourth” drywell is in reference to drywell 
30-01-09.  According to RHO-CD-896 page 46, drywell number 30-01-09 was found to 
have contamination between the 29 and 36 foot levels when first monitored, which is 
consistent with the “fourth” drywell being 30-01-09. 
 
These drywells are shown on Figure 4-3 (GJ-HAN-85).  Prior to 1970, the only drywell 
located near tank 241-C-101 was 30-00-06, which was installed in 1944.  Elevated 
gamma radioactivity was detected in drywells 30-01-01, 30-01-06 and 30-01-09 when 
they were first monitored.  Figure 4-7 provides the gamma logging for the drywells 
adjacent to tank 241-C-101, which were obtained in 1997.   
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Figure 4-7.  Tank 241-C-101 Drywell Gamma Activity Monitored in 1997 
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During the period between 1965 and 1968, the tank volume exceeded the 546,000 gallon 
level at which the spare inlet lines would become submerged.  At this level, the spare 
inlet lines would have been covered by about 10 in. of tank waste.  A cap with a gasket 
covered each of the spare inlet lines (drawing W-72743, section D-D), however these 
caps were not leak tight.  Waste loss through the spare inlet lines may have occurred.   
 
The spare inlet lines are located slightly less than the 9 o’clock position on tank C-101, 
near drywells 30-01-09 and 30-01-06.  The contamination at 25 to 30ft. bgs in drywell 
30-01-09 and ~35 to 40 ft. bgs in drywell 30-01-06 is at an elevation consistent with 
waste leakage from the spare inlet lines and spreading downward to an area near these 
drywells (GJ-HAN-85, section 5).  Drywells 30-01-06 and 30-01-09 were not installed 
until January 1970 and April 1970, respectively.  Therefore, there is no monitoring data 
for these drywells prior to 1970.  The observed liquid level decrease in tank C-101 can 
not be directly linked to leakage of waste from the spare inlet lines due to the absence of 
drywell monitoring data prior to 1970. 
 
Tank Waste Information: The PSN waste transferred into tank C-101 during 1963 and 
1964 originated from tanks A-102 and A-103.  Both tanks were operated as boiling waste 
tanks to evaporate water from the stored PSN waste.  The temperature of the PSN waste 
stored in tank A-102 was measured to be in a range between 94oC and 170oC from 
January 1963 through May 1963, prior to the transfer to tank C-101.  The higher 
temperature readings in tank A-102 were experienced when the waste liquid level 
decreased from ~350-inches to ~300-inches.  On May 15, 1963, the liquid level in tank 
A-102 was increased to 345-in. and the waste temperature was reported to be 105oC 
(IDMS References to Non-record Information, Tank Farm Information Center, Accession 
# D197260431).  The temperature of the PSN waste stored in tank A-103 in January 
through June 1964 ranged from 76oC to ~94oC (RHO-CD-1172, page B-226).   
 
Tanks A-102 and A-103 were equipped with air-lift circulators, which aided in cooling 
the waste temperature.  However, tank C-101 was not equipped with an airlift circulator.  
Clearly the waste stored in tanks A-102 and A-103 were capable of generating sufficient 
heat to cause liquid evaporation.  After transferring 448,000 gallons of PSN waste from 
tanks A-102 and A-103 to tank C-101, evaporation of this waste would still be expected 
to occur in tank C-101.   
 
Additional information supporting the potential to evaporate water from the PSN waste 
stored in tank C-101 was the 137Cs content of this waste.  The 137Cs concentration was 
3.85 Ci/gallon (Larkin 1969).  A complete estimate of the composition of the waste 
present in tank 241-C-101 from 1964 through 1969 is provided in RPP-26744, Hanford 
Soil Inventory Model Rev. 1.  At this 137Cs concentration and a liquid volume of ~465,000 
gallons (574,000 gallons – 109,000 gallons sludge), sufficient radiolytic decomposition 
heat would be generated to account for evaporation of up to ~2,550 gallons/month , or 
~7,680 gallons/quarter3 assuming no heat losses to the tank structure or surrounding soil.   
 
                                                 
3 Calculation conversion factors are 4.72E-03 W/Ci for Cs-137 decay; 8.60E+5 cal/KWH, and 540 cal/gm 
heat of evaporation. 
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Tank C-101 was equipped with an atmospheric condenser during the period of 1963 
through 1971, as evident in IDMS Photographs N1318496 and N03669016.  The 
condensers were located at the 3 o’clock position on the tanks within 241-C Farm.  A 
drawing of the atmospheric condensers is shown in Figure 4-8 (W-72927).  The 
condensers were approximately 20-ft (H), 6-ft (W) and 4-ft (L) and consisted of 50, 1inch 
diameter finned tubes.  The bottoms of the condenser tubes were open to the tank 
atmosphere via the condenser hatchway, as shown on drawing W-72743, reproduced as 
Figure 4-1, Section A-A.  The top of the condenser tubes vented to the atmospheres.  The 
condensers are a passive system that did not use cooling water or fans during operation. 
 
The function of these condensers was to condense water evaporated from tank wastes and 
reflux the condensed water back into the single-shell tank.  The condensed water could 
have formed a separate waste layer atop of the denser PSN waste in the tank.  The 241-A 
Tank Farm also contained PSN waste in the 1950’s and 1960’s.  The available 
composition of the condensate from the 241-A Tank Farms is reported in Table 4-4.  The 
composition of the condensate collected in tank C-101 would likely be similar to that 
reported in Table 4-4. 
 

Table 4-4. Analyses of 241-A Tank Farm Condensate 
Constituent 1959 Analyses4

  1961 Analyses5

 mg/L mg/L 
Tri-butyl or butyl phosphate 30 to 190 30 to 200 
Shell spray base (or hydrocarbon) < 10 10 to 70 
Ammonium ion not reported 35 to 200 
Sodium < 1.5 1 to 2 
Nitrate not reported 1 to 5 
Nitrite not reported 5 to 10 
Iron 0.1  
Nickel, chromium, copper, 
aluminum, zirconium, 
manganese, cobalt, calcium, and 
magnesium (each) 

< 0.01  

 μCi/ml μCi/ml 
Cs-137 2.3E-02 1E-2 
Nb-95 2.5E-2 1E-2 
Zr-95 1.2E-2 1E-2 
Ru-106 7.2E-3 1E-3 
Ru-103 5.6E-3 not reported 
Sr-89 3.7E-3 1E-3 
Sr-90 4.4E-4 1E-4 
Ce-144 5E-3 1E-3 
Y-91 3E-3 1E-3 
I-131 not reported 1E-5 
Gross beta 9.1E-2 not reported 
Gross alpha < 1.2E-6 not reported 
 
 
                                                 
4 HW-63949, pg. 17 
5 HW-79174, pg. 16-17 
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Review of available documentation did not identify information indicating that the 
condensers installed on the tanks in 241-C Tank Farm failed to perform this function.  
Information was found that demonstrated operating personnel did report the condensers 
in the 241-S Tank Farm failed to adequately condense evaporated waste and result in the 
discharge of water vapor to the atmosphere in 1952 – 1954 (ARH-780, pg. 23).  
Therefore, it is unlikely that waste evaporation was a significant source for the liquid 
level declines observed in tank C-101 between 1965 through 1969 given the presence of 
the condenser on the tank. 
 

Figure 4-8. Atmospheric Condenser for Single-Shell Tanks 

 
 
4.1.4 Tank C-101 Assessment 
On March 6 and March 20, 2007 the preceding information regarding tank C-101 was 
presented and discussed with the assessment panel.  Discussions focused on the summary 
information in Table 4-5. 
 
Discrepancies in leak levels reported in a 1980 tank integrity assessment were discussed.  
Estimates of the leak volume appear to range from 10,000 to 24,000 gal.  The reason for 
the differences, and why liquid level decreases before 1968 were not discussed in the 
1980 evaluation, remain unknown. 
 
The data shows there was a 36,000 gallon liquid level decrease in the tank between 
January 1965 and September 1969.  The source of the leak could be a spare inlet port, the 
cascade overflow line to tank C-102 (although reported as plugged, it may have only 
been partially plugged), a tank leak and/or evaporation.  The liquid level continued to 
decrease below the level spare inlet port (17 ft 4 in).   
 

Page 35 of 222 



RPP-ENV-33418 Rev. 1 

Some evaporation may have occurred, but if the condenser shown in the drawings and 
period photographs were operating as expected, even though there was sufficient heat 
load in the tank to evaporate the supernate, evaporated liquid would have been condensed 
back to the tank and the majority of the liquid level decrease could not have been due to 
evaporation.  There is no evidence to indicate there was significant contamination near 
the condenser or any indication the condenser was not functioning at the time of the 
liquid level decrease. 
 
The low activity found in drywells near the tank is inconsistent with a 20,000 to 36,000 
gal PUREX supernate leak.  One possibility is that the leaked waste volume was not 
PUREX supernate waste.  The operation of the condenser on tank C-101 would have 
deposited condensate as a separate waste layer atop of the denser PUREX supernate 
waste.  This condensate, which would have significantly lower concentrations of gamma 
emitting radionuclides than the PUREX supernate waste (see Table 4-4), may have been 
the waste type leaked from tank C-101.  This hypothesis is consistent with the low 
concentrations of gamma radioactivity detected in the drywells around tank C-101.   
However there is a lack of conclusive data to support this hypothesis.   
 
4.1.5 Conclusions 
There is insufficient data available to establish a minimum range or leak mass for tank 
C-101.  The upper range appears to be 36,000 gallons.  The mass of the C-101 leak is in 
question because of inconsistencies in low radioactivity measurements in surrounding 
drywells and expected dry well radioactivity for a large leak of high activity waste.   The 
group agreed that a 1,000 gallon release, as contained in RPP-23405, is possible, but 
indefensible and agreed, for lack of better supporting evidence, to leave the estimated 
leak volume at 20,000 gallons as in HNF-EP-0182.  Based on the four organizations 
assessing the data in 1980, the 20,000 gallon leak volume estimate apparently represents 
a compromise estimate based on unspecified evidence or evaluation that is not 
documented in the record.   
 
The Initial SST System Performance Assessment (DOE/ORP-2005-01) used a leak 
estimate of 1,000 gallons and performed a sensitivity assessment assuming the tank 
C-101 leak was 5,000 gallons.  This sensitivity assessment showed the tank C-101 leak 
would exceed performance criteria for the groundwater.  Therefore, a 20,000 gallon leak 
from tank C-101 would also exceed performance criteria for the groundwater.  The leak 
estimates in RPP-23405 and DOE/ORP-2005-01 should not be changed until more data is 
obtained.  Ecology’s response to the C-101 leak assessment is shown in Table.4-6. 
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Table 4-5.  C-101 Tank Leak Information 

 When Amount Range (gal) Possible sources Comments 

Current 
"Hanlon" 
estimate  1980  20,000 liquid level decrease  

Average based on 1980 team 
findings 

liquid level 
decrease  Jan 65-Sept 69 

574,000 to 
538,000 decrease 36,000 spare inlet leak, leak, evaporation PUREX  

Jan 1968 to Dec 
1969 

4 in decrease 
from 194.5 to 
190.5   11,000   

1980 team 
findings 
 
 
 

Jan 1968 to Dec 
1969  17,000 to 24,000 on p.4 RHO-CD-896 

Basis for 17,000 unknown. 
Average of 17,000 and 
24,000 is 20,000 gal 

Surveillance N/A  24,000   
Process 
Control N/A  10,000-24,000  Basis for 10,000 unknown. 
drywell data  
 
 
 
 
 
 

1970-79 
 
 
 
 
 
 

Max 17,000 c/s 
29-36 ft bgs 
 
 
 
 
 

Indicates minimal 
contamination at 
drywell.  Inconsistent 
with leak events such 
as SX-108 and T-106. 

Found 1970 in drywell 30-01-09 
 
 
 
 
 
 

Contamination also in 30-01-
06 at 73 ft.  Contaminants 
decayed to < 200 c/s by 1979 
 
 

SGE data  
 obtained 2006   

shows resistivity anomaly NW of 
C-101 around C-104 

Anomaly NW of spare inlet 
ports 
 

Evaporation 
 
 
 
 
 
 

Jan 65-Sept 69 
 
 
 
 
  

0-30,500 gal 
 
 
 
 
 
 

Heat load calculations show pot 
550 gal/month or 30,500 in 56 
months. 
 
 
 
 
 

Condensers on tanks. 
Amount of evaporation that 
actually occurred is 
unknown.  No temp data, but 
sources show potential 180 F 
temp. 

 Tc 0.22 Ci 
PSN (P1) Supernatant waste 
type 

 Cs-137 852 Ci  
 Sr-90 7.7 Ci  

Soil Inventory 
Model 
Estimates 
for 1000 gal  Cr 1.5 Kg  

   
0-36,000 possible 
leak volume range   
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Table 4-6.  Ecology Response to C-101 Leak Assessment 
 
Criteria 
evaluated 

Acceptable 
data set 

Basis Comment 

range of values:   10,000 gallons 
to 36,000 gallon 
leak 

Max- based on in tank level 
measurements 
Min – Tank Farm 
Contractor Process Control 
organization determined a 
minimum volume; reported 
in the leak assessment 
report. 

C-101 tank dry well 
indicates low mass of 
contaminants; SGE 
indicates plume in area 
near tank located near 
tanks C-104 and C-105  

recommended 
value, to be used 
for any modeling 
reference case, 
SST PA Base 
Case or other 
Risk 
Assessments:  
 

 
 
20,000 gallons 

Conclusion of previous 
leak assessments; value is a 
compromise that reflects 
the uncertainty of the data 
sets provided 

Soil information is 
inconsistent with liquid 
level loss information; C-
102 tank levels can not be 
used to confirm a liquid 
overflow from tank C-
101; C-101 condenser on 
passive ventilation outlet 
should have minimized 
evaporative loss 

Type of Waste: PSN  or P1 Type of waste identified in 
1980 reports; information 
presented in 2007 leak 
assessment evaluation. 

 

Tank 
designation: 

Assumed 
Leaker 

Liquid loss and drywell 
information 

 

Type or location 
of tank leak: 

Unknown, 
information 
implies loss was 
below tank 
outlets and 
below plugged 
cascade line 

1980 report; information 
presented in 2007 leak 
assessment evaluation. 

Liquid level indicated 
drop below plugged 
cascade line,  

Conclusion: Tank leak information is insufficient to make definitive conclusion of volume or 
the mass of contaminant loss; soil data is inconsistent with waste volume and type.  
Recommended value is the value previously stated in Hanlon reports that represents an 
unexplained and unexplainable compromise by the 1980 evaluation team that is not well 
documented. 
Recommendations: (1) Area in vicinity of C-101, C-104, and C-105 requires DQO and further 
soil investigation; (2) further tank assessments necessary to establish relationship of nearby 
plume (C-104/105) to C-101 tank; (3) maintain HNF-EP-0182 volume estimate and notes 
related to C-101  
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4.2 Reassessment of Tank 241-C-110 Waste Loss Event 
 
4.2.1 Background 
SST C-110 has a nominal capacity of 2,006,000 liters (530,000 gallons), a diameter of 23 m 
(75 ft) (HNF-EP-0182), and is passively ventilated.  The tank is equipped with four inlet nozzles 
and a cascade overflow line connection to SST C-111. The centerline of the inlet nozzles on the 
tank side wall are approximately 17 feet 4 inch (~547,500 gallons) above the center of the tank 
bottom.  The centerline of the cascade overflow pipeline to SST C-111 is approximately 16 feet 
11.5 inch (~535,000 gallons) above the center of the tank bottom.  The steel liner of the tank is 
19 feet (~602,600 gallons) above the center of the tank bottom.   
 
SST C-110 began receiving waste in May 1946 (HW-7-4193-DEL, 1946, Monthly Report – May 
1946, page 21), and by August 1946 (HW-7-4739-DEL, 1947, Hanford Engineer Works Monthly 
Report August 1946, page 23) was filled with first decontamination cycle waste (1C) and coating 
removal waste (CW) from the bismuth phosphate process conducted in the 221-B Plant.  
Beginning in August 1946, waste received into SST C-110 overflowed to SST C-111 through the 
cascade line and then to SST C-112 beginning in November 1946 (HW-7-5505-DEL, 1946, 
Hanford Engineer Works Monthly Report November 1946, page 28).  The three tank cascade was 
reported as being filled to 100% in March 1947 (HW-7-6048-DEL, 1947, Hanford Engineer 
Works Monthly Report March 1947, page 23).  The waste volume in SST C-110 was not reported 
separately from the other two tanks in the cascade and only a total percent filled was reported 
until March 1952.  The 1C/CW supernatant waste was transferred from SST C-110 to SST B-106 
in July 1952 for processing in the 242-B Evaporator, leaving approximately 231,000 gallons of 
1C/CW sludge in this tank (HW-27839, 1952, Waste Status Summary Period 7/1952 thru 9/1952, 
page 20).   
 
Beginning in November 1952, SST C-110 was an active receiver of Tri-Butyl Phosphate (TBP) 
Plant6 waste.  The cascade overflow line to SST C-111 became plugged on November 15, 1952 
(HW-27840, page 20).  No information was located that indicated the plugged cascade overflow 
was ever unplugged.  As a result of the plugged overflow line, SST C-110 contained ~538,000 
gallons of waste, which corresponds to a height of 17-ft 0.5-in. (referenced from center of tank 
bottom).  Since the spare inlet nozzles are at a height of 17-ft 4-in. (referenced from center of 
tank bottom), it is unlikely that waste was lost through the spare inlet nozzles to the soil.   
 
In February 1956, the TBP Plant supernatant waste was transferred from SST C-110 to 241-CR 
vault for ferrocyanide scavenging of cesium and strontium (HW-41812, Waste Status Summary; 
Separations Section, Separations – Projects and Personnel Development Sub-Section, February 
29, 1956, p 4).  SST C-110 contained approximately 231,000 gallons of 1C/CW sludge and 
34,000 gallons of TBP Plant supernatant following this transfer.  The ferrocyanide scavenged 
waste was transferred from 241-CR vault to SST C-109 for settling of the ferrocyanide 
precipitate, with the supernatant discharged to a crib.   
 
SST C-110 then received a total of 226,000 gallons of organic wash waste (OWW) from 
plutonium-uranium extraction (PUREX) plant from June 1956 (HW-43895, Waste Status 

                                                 
6 The Tri-Butyl Phosphate Plant was also known as the uranium recovery plant or 221-U Plant. 
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Summary; Separations Section, Separations – Projects and Personnel Development Sub-Section, 
June 30, 1956, p 4) through September 1956 (HW-45738, Waste Status Summary; Chemical 
Processing Department, Planning and Scheduling – Production Operation, September 30, 1956, 
p 4).  The total waste volume in SST C-110 was 491,000 gallons after these transfers. 
 
No waste was added or removed from SST C-110 from October 1956 through October 1967.  In 
November 1967, approximately 73,000 gallons of supernatant was transferred from SST C-110 
to the cell 23 evaporator in 221-B Plant for concentration (ARH-N-82, Fission Process Products 
Summary, p 121).  SST C-110 contained approximately 191,000 gallons of 1C/CW sludge and 
244,000 gallons of OWW supernatant in December 1967 (ARH-326, Chemical Processing 
Division Waste Status Summary October 1, 1967 through December 31, 1967, p 5). An 
additional 215,000 gallons of OWW supernatant was transferred from SST C-110 to SST C-102 
in the second quarter of calendar year 1969 (ARH-1200 B, Chemical Processing Division Waste 
Status Summary April 1, 1969 through June 30, 1969, p 5).  The total west volume in SST C-110 
was ~220,000 gallons following these transfers. 
 
From 1970 until 1972, evaporator bottoms waste and ion exchange waste totaling 1,569,000 
gallons were sent to SST C-110 from SSTs BY-104, BX-104 and BX-103. During this time, 
~1,423,000 gallons of supernatant waste was transferred from SST C-110 to SSTs C-108, C-109, 
C-112, and C-104.  SST C-110 would have been filled and emptied periodically during 1970 
through 1972 as a result of these transfers.  The available tank waste data only lists the quarter 
ending volume in SST C-110 during 1970 through 1972; therefore no information is available on 
the transient liquid waste height in SST C-110.  As of the end of the 1st quarter 1972, SST C-110 
contained ~189,000 gallons of solids and ~187,000 gallons of supernate.  The remaining 
supernatant was transferred from SST C-110 to SST C-112 in 1975 and to SST C-103 in 1976.  
The supernate contained in SST C-110 was analyzed in June 1975 and is reported Figure 4-9 
(IDMS accession #D196216683, p. 30, Analysis of Tank Farm Samples Sample: T-5491 Tank 
110-C Received: June 19, 1975).   
 
The interstitial liquid was salt well pumped from SST C-110 in 1976 and 1977.  Additional 
supernatant was transferred to DST AN-103 in 1983.  Waste transfer histories are presented in 
LA-UR-97-311.  More detailed transfer information is presented in Chemical Processing 
Department Waste Status Summaries referenced in LA-UR-97-311 waste transfer tables.  
 
SST C-110 was removed from service in 1976 and was primary stabilized in September 1979.  In 
1984 it was categorized an “assumed leaker”.  The tank was saltwell pumped from November 
1991 through January 1992 and again from September 1994 through May 1995 (HNF-SD-RE-
TI-178, Single-Shell Tank Interim Stabilization Record, p 129).  The tank was evaluated and 
determined to meet interim-stabilization criteria in May 1995 and intrusion prevention was 
completed in September 1996 (HNF-EP-0182).  A tank surface-level diagram is shown in Figure 
4-10 (WHC-SD-WM-ER-313).   
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Figure 4-9.  Analysis of SST C-110 Supernate from 1975 Sampling Event 
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Figure 4-10.  Tank C-110 Waste Surface Level History 
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A manual tape with an electrode was used for many of the liquid level measurements reported in 
the 1950’s through the 1970’s.  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).  While an error was made in determining the reference level for the ENRAF 
gauges used for determining the waste level in SSTs C-201 thru C-204 (see H-2-817634, sheet 6, 
revision 25 and ECN 722598-R1, ECN-720817-R4, ECN-722597-R1, and ECN-720817), no 
information was located concerning errors in SST C-110 liquid level measurements or 
positioning of the manual tape and electrode. 
 
As of June 30, 2006, the tank contains 178,000 gallons (177,000 gallons sludge and 1,000 
gallons supernatant), corresponding to a waste height of 72.2 in..  The volume is based on 
average surface-level readings and in-tank photo estimates that show an uneven surface.  For 
inventory estimation purposes, the sludge is designated as first decontamination cycle bismuth 
phosphate waste (1C) mixed with coating removal waste (CW) (TWINS).  
 
4.2.2 Historical Basis for Leak Declaration 
SST C-110 was declared as “questionable integrity” in 1977 and an “assumed leaker” in 1984 
following the discovery of unexplained activity in drywell 30-10-09.  Drywell 30-10-09 was 
installed in 1974 and first monitored in October 1974.  Figure 4-3 shows the location of dry wells 
in 241-C Farm.  The gross gamma peak readings above background were detected in drywell 30-
10-09 from October 1974 through February 1976 at approximately 53 to 56 ft below ground 
surface (bgs).  A measurable decrease in the liquid waste surface was not detected during this 
period.   
 
An estimated leak volume for SST C-110 of 2,000 gallons was assigned in 1989.  “This estimate 
was made because radiation was detected at an associated drywell, but there was no detectable 
surface level decrease.  A liquid surface was being measured at the time radiation was detected 
in the drywell.  For a manual tape reading it is unreasonable to assume that more than 2,000 
gallons leaked without a surface level decrease” (Baumhardt, R. J. 1989, Single-Shell Tank Leak 
Volumes).  
 
4.2.3 Data Review and Observations 
The tank was classified as “questionable integrity” because the source of contamination in the 
associated drywell 30-10-09 was unknown, but there was no detectable surface level decrease.  A 
stable liquid level was observed from 1972 through mid-1975 at 132 in. (as referenced from the 
bottom of the tank knuckle).  The total waste volume was approximately 376,000 gallons of 
which the supernatant volume was approximately 165,000 gallons.  This provides a strong 
indication that the tank was not leaking prior to 1975.  Since 1975, no data (drywell, surface 
level, or transfer data) provides any indications of a loss of tank integrity.  In the third quarter of 
1975 and in 1976, approximately 165,000 gallons of supernatant in SST C-110 were transferred 
to SSTs C-112 and C-103, leaving only sludge in SST C-110. 
 
There are no laterals in C tank farm and it could not be determined whether contamination exists 
directly beneath SST C-110.  The only contamination that has been observed in the vicinity of 
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SST C-110 was found in drywell 30-10-09, 10 ft below the tank base at approximately 55 ft bgs.  
Drywell 30-10-09 in located on the west side of the 241-C Tank Farm and no other tanks are 
located in the vicinity of this drywell.  Three inlet pipelines and a spare inlet line connecting to 
SST C-110, as well as spare line V-137 from diversion box 241-C-153 are located slightly south 
of drywell 30-10-09 at approximately the 8 o’clock position on SST C-110 (see drawing H-2-
61962, Plot Plan 241-C Tank Farm).  A cap with a gasket covered each of the spare inlet lines, 
as shown in Figure 4-1 (drawing W-72743, Hanford Engineering Works Bldg. 241, 75’ Diameter 
Storage Tanks T-U-B & C Arrangement, section D-D), however these caps were not leak tight 
and installation has not been verified. 
 
In November 1952, the cascade overflow line from SST C-110 to C-111 was noted as being 
plugged (see section 4.2.1).  The tank on filling with TBP Plant waste failed to cascade to SST 
C-111 (HW-26486, Manufacturing Department Radiation Hazards Incident Investigation and 
HW-27627, Radiological Sciences Department Investigation Radiation Incident), but the SST C-
110 was not reported as being filled above the spare inlet nozzles.  An estimated 5-gallons of 
waste was inadvertently discharged to the surface ground on November 26, 1952 when a pump 
was being installed in SST C-110 (HW-27627).  The resulting ground and equipment 
contamination was reported as being removed.  This pump was used to transfer waste from SST 
C-110 to SST C-111, since the cascade overflow line was plugged.  
 
The process piping in the vicinity of drywell 30-10-09 are transfer pipelines V-141, V-137, 
V-138, V-139, V-140, and line 8712, as shown in Figure 4-11.  Line 8712 is a 6-inch drain line 
from 244-CR Vault to a ditch.  Line V-137 is a 3-inch line from diversion box 241-C-153 to an 
inlet nozzle on SST C-111.  Lines V-138, V-139, and V-140 are 3-inch lines from diversion box 
241-C-153 to inlet nozzles on SST C-110.  Line V-141 was connected in 1966 to a pump which 
was inserted through SST C-110 riser R-3 for transferring supernatants from SST C-110 to 
diversion box 241-C-153 (see drawings H-2-37010, 110-C TK ARRG’T AS BUILT and H-2-
33086, Transfer Pipe TK 241-C-110 To 241-C-153 Div. Box).  Line V-141 has since been 
stubbed off and is located at approximately the 7 o’clock position on SST C-110.  Line V-141 
traverses near drywell 30-00-09.  No evidence of waste leakage from this pump or any of these 
lines was located.  Therefore, it is unlikely these lines are the source of the contamination 
detected in drywell 30-10-09. 
 
Contamination was observed when drywell 30-10-09 was installed and first monitored in 
October 1974.  Figure 4-12 provides the historical gross gamma log results for drywell 30-10-09 
(GJPO-HAN-18, July 1998, Vadose Zone Characterization Project at the Hanford Tank Farms, 
C Tank Farm Report).  Contamination was also found in drywell 30-10-02 when first monitored 
in September 1974.  The peak gross gamma activity detected in drywell 30-10-09 was ~240 cps 
at a depth of 54 ft bgs (WHC-SD-WM-TI-356, 1988, Waste Storage Tank Status and Leak 
Detection Criteria, page 30-10-03).  Analysis of the decay rates for gamma activity for drywell 
30-10-09 shown in the gross gamma plots (Figure 4-13) indicates that the radioactive decay 
curve from 1975 to 1979 is consistent with 106Ru (half-life 368.2 days), which may or may not 
have came from the tank (RPP-8321, 2001, Analysis and Summary Report of Historical Dry Well 
Gamma Logs for the 241-C Tank Farm – 200 West Area, page 351).   
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Figure 4-11.  SST C-110 and Associated Pipelines 
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Figure 4-14 shows the 1997 spectral gamma logging for drywells in the vicinity of SST C-110 
(GJPO-HAN-18).  There are very low concentrations (less than 10-pCi/gm) of 137Cs detected in 
the soil surrounding SST C-110.  If a tank waste leak had occurred, higher concentrations of 
137Cs would be expected in the soil surrounding SST C-110. 
 
No contamination was found in drywell 30-07-10, which is adjacent to SST C-107 and located 
on the east side of SST C-110, as evident by the historical gross gamma logs provided in Figure 
4-15 (RPP-8321, page 286).  As shown in Figure 4-16, near-surface (0 to 10 ft bgs) 137Cs 
contamination has been detected in drywell 30-07-11, which is adjacent to SST C-107 and 
located on the east side of SST C-110 (RPP-8321, page 290).  Contamination was also found in 
drywell 30-10-02 when first monitored in September 1974.  The peak gross gamma activity 
detected in drywell 30-10-02 was ~65 cps at a depth of 47 ft bgs (WHC-SD-WM-TI-356, page 
30-10-03).  Analysis of the decay rates for gamma activity for drywell 30-10-02 shown in the 
gross gamma plots (Figure 4-17) indicates that the radioactive decay curve from 1975 to 1979 is 
consistent with 137Cs (RPP-8321, page 347). The liquid level in SST C-110 was steady at 132 in. 
(from the side wall knuckle) from 1972 through mid-1975 when contamination was observed in 
these drywells.   
 
In June 1975, the supernate in SST C-110 was sampled and analyzed (see Figure 4-9).  The 
supernate present in SST C-110 was a combination of evaporator bottoms and B Plant ion 
exchange waste.  The 106Ru concentration in the SST C-110 supernate can be approximated 
using the waste spreadsheets in the Hanford Defined Waste Model - Revision 5 (RPP-19822).  
RPP-19822, page A-48 identifies the B Plant ion exchange waste as “CSR” waste type.  
RPP-19822 predicts the concentrations of 106Ru and 137Cs present in the CSR waste type are 
4.05E-11 and 1.50E-02 Ci/L, decayed to January 1, 2001.  Correcting for radionuclide decay, the 
estimated concentrations of 106Ru and 137Cs present in the CSR waste type are 1.64E-03 and 
2.69E-02 Ci/L, decayed to June 1, 1975.  The ratio of 106Ru to 137Cs present in the CSR waste 
type as June 1, 1975 is estimated to be 0.061:1.  Applying this ratio of 106Ru to 137Cs to the June 
1975 sample analysis for SST C-110 supernate yields an estimated 106Ru concentration of 0.02 
Ci/gal (decayed to June 1975). 
 
As discussed previously, the maximum activity detected in drywell 30-10-09 was 240 cps at 40 
to 60 ft bgs in July 1975.  The activity detected in drywell 30-10-09 was shown to correlate to a 
radionuclide decay rate for 106Ru.  The maximum 106Ru activity detected in drywell 30-10-09 in 
July 1975, 240 cps, corresponds to an estimated 800 pCi/gm (“Estimate for 106Ru in 30-10-09”, 
E-mail dated April 24, 2007 from R. McCain, S. M. Stoller Corporation to M. E. Johnson, 
CH2M HILL Hanford Group). The estimated 106Ru concentration in the soil around drywell 30-
10-09 is a very rough estimate of equivalent 106Ru concentration based on the total gamma data.  
This estimate of 106Ru concentration in the soil was used to estimate the volume of waste 
potentially lost from SST C-110.  The 106Ru concentration and the estimated waste loss volume 
should not be considered as absolute values, but only a rough order of magnitude estimate. 
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Figure 4-12. Historical Gross Gamma Logs for Borehole 30-10-09  
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Figure 4-13. Drywell 30-10-09 Historical Gross Gamma Logging Correlated with 106Ru Decay 
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Figure 4-14. Spectral Gamma Logging for Drywells around SST C-110 (1997) 
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Figure 4-16. Drywell 30-07-11 Historical Gross Gamma
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Figure 4-17. Drywell 30-10-02 Historical Gross Gamma 
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The 106Ru activity was localized to 40 to 60 ft bgs; with the peak activity detected ~54 ft bgs.  If 
we assume a spherical leak volume centered on the drywell with a radius of 10-ft., the estimated 
volume of contaminated soil is ~4,200-ft3 (~119 m3).  Using a soil density of 2 gm/cm3 yields an 
estimated contaminated mass soil of ~238 MT.  Assuming the concentration of the 106Ru activity 
detected in drywell 30-10-09 is 800 pCi/gm, the ~238 MT of contaminated soil would contain an 
estimated 0.2 Ci of 106Ru.  Since the estimated 106Ru concentration in the SST C-110 supernate 
was ~0.02 Ci/gal in June 1975, the volume of SST C-110 supernate corresponding to 0.2 Ci of 
106Ru is ~10 gallons.  Assuming a larger volume of contaminated soil would not significantly 
alter the estimated leak volume. 
 
 
4.2.4 Tank C-110 Assessment 
On April 3, 2007 the preceding information regarding tank C-110 was presented and discussed 
with the assessment panel. Discussions focused on the summary information in Table 4-6. 
There was no liquid level decrease observed for this tank, only an increase of < 250 cps in 1974-
1978 gross gamma measurements in drywells 30-10-09 and 30-10-02.  Drywells were not 
installed before 1974.  There was also no indication of anomalies observed in Surface 
Geophysics Exploration (SGE) data.  However, there is also no nearby source for the 
contamination other than tank C-110. 
 
The only basis discussed and referenced for a tank C-110 leak was a “Questionable integrity” 
designation based on a 1989 letter Single-Shell Tank Leak Volumes (Baumhardt 1989).  As stated 
in the letter, it was “unreasonable to assume that more than 2,000 gallons leaked without a 
surface level decrease.”  This is roughly equivalent to a +/- ¾ inch undetected decrease, which is 
reasonable for manual tape measurements being used at the time. 
 
The most probable source determined for a leak from this tank was at the overflow ports.  Based 
on surface level history the waste was closest to the height of the overflow ports (17 ft 4 in.) 
before 1954 and in 1971-72.  Although the waste level was not reported as being over the 
overflow ports, it was very close and the assessment group noted that tank elevations in drawings 
have been found to be in error by several in..  Consequently an overflow is plausible. 
 
The gamma measurements observed follows a 106Ru decay curve indicating the observed gamma 
activity was 106Ru. Because of the short half-life of 106Ru, the 106Ru would have not have been 
seen in gamma measurements if the leak occurred before 1954.  So the most probable period for 
a tank overflow is 1971-72.  If an overflow occurred during 1971-72 the composition of the 
supernatant waste stream would have been that measured in 1975 showing ~ 0.32 Ci/gal of Cs-
137.  This is about five times higher than the predicted Soil Inventory Model waste type estimate 
for a 1969 leak. 
 
As a rough check on waste type and volume estimates 106Ru gamma measurements were 
compared with equivalent 137Cs measurements for a CSR (i.e. cesium removal) waste type.   
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Table 4-6.  Tank C-110 Leak Information Summary 
 When Estimated Leak 

Volume (gallons) 
Range of Leak 

Volume (gallons) 
Possible Sources Comments 

Declared questionable 
integrity 

1977 No estimate  No estimate No source identified Tank was identified as questionable integrity based on 
unexplained activity identified in drywell 30-10-09. 

Declared “assumed leaker 1984 No estimate  No estimate No source identified Tank was identified as questionable integrity based on 
unexplained activity identified in drywell 30-10-09. 

Current HNF-EP-0182 
leak volume estimate 

1989 2,000 No range provided No source identified “This estimate was made because radiation was detected 
at an associated drywell, but there was no detectable 
surface level decrease.  A liquid surface was being 
measured at the time radiation was detected in the drywell.  
It is unreasonable to assume that more than 2,000 gallons 
leaked without a surface level decrease.” (Baumhardt, R. 
J. 1989). 

Liquid Level Decrease N/A N/A N/A N/A No unexplained liquid level decreases observed. 
Liquid level data indicates spare inlet nozzles were not 
submerged. 
Steady liquid level at ~144 in. (~376,000 gallons) 
reported for April 1972 through June 1975 

Drywell data October 1974 
through April 
1978 

No estimate  No estimate No source identified A gross gamma peak reading at 53 to 56 ft bgs observed 
on drywell 30-10-09.  Initially ~210 cps (10-1974), 
increasing slightly to ~240 cps (07-1975), then declining 
to ~50 cps (04-1978).  Activity in drywell 30-10-09 
correlated to Ru-106 decay curve.  
A gross gamma peak reading at ~47 ft bgs observed on 
drywell 30-10-02.  Initially ~65 cps (09-1974), increasing 
slightly to ~72 cps (01-1975), then declining to ~50 cps 
(04-1980).  Activity in drywell 30-10-09 correlated to 
137Cs decay curve.  

SGE data  October 2006 No estimate  No estimate No source identified No areas of low resistivity are found around SST C-110 
1980 Prior leak 
investigations 

 No estimate  No estimate  SST C-110 was not evaluated in the 1980 report (RHO-
CD-896) 

SIM Estimate  2,000   Assumes leak date of 1969 and uses TBP-UR and 1C1 as 
waste types in tank. 

Mean Inventory 137Cs ~75 Ci   
 99Tc 0.02 Ci   
 90Sr 16.3 Ci   
 Cr 1.5 kg   

For a leak in 1971-72 the composition of the supernatant 
waste stream would have been that measured in 1975 with 
a CSR waste type and ~ 0.32 Ci/gal of 137Cs, about five 
times higher than the 137Cs estimate in SIM 
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4.2.5 Conclusion 
The C-110 leak appears to be the result of a tank overflow 17 ft 4 in (208 in) above the 
tank bottom.  As a worst case, the liquid level in SST was steady at 144 in. from the tank 
center from 1971 to 1975, indicating that if there was a breach in the tank wall, it was 
above this level.  
 
Because no liquid level decrease was observed, based on liquid level accuracy for the 
manual tape and electrode instrumentation in the tank in 1971-72, the volume of the leak 
was previously determined to be less than 2,000 gallons.  Rough calculations of the 
gamma activity observed in dry wells indicate that the volume of the leak could have 
been significantly smaller.  The supernatant was predominantly CSR waste.  Supernatant 
samples of this waste obtained in 1975 provide waste composition measurements.  The 
C-110 supernatant composition measured in 1975 appears to be consistent with the 
measured 106Ru dry well activity.  
 

4.3 Reassessment of Tank 241-C-111 Waste Loss Event 
 
4.3.1 Background 
SST C-111 has a capacity of 2,006,000 liters (530,000 gallons) and a diameter of 22.9 m 
(75 ft) (HNF-EP-0182).  SST C-111 is passively ventilated and is the second tank in a 
three-tank cascade that includes SSTs C-110 C-112.  A tank surface-level diagram is 
shown in Figure 4-18 for the period of 1945 through 1995 (WHC-SD-WM-ER-313).  A 
manual tape with an electrode was used for many of the liquid level measurements 
reported in the 1950’s through the 1970’s.  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).   
 
SST C-111 entered service in August 1946.  No record was found indicating SST C-111 
was connected to an exhauster or had an atmospheric condenser.  First decontamination 
cycle waste (1C) and coating removal waste from the bismuth phosphate process 
conducted in the 221-B Plant was transferred to SST C-110, which having been filled 
with waste cascaded into SST C-111.  In November 1946, SST C-111 was declared full 
(530,000 gallons) and the waste cascaded into SST C-112 (HW-7-5505-DEL, page 28).  
The three tank cascade was reported as being filled to 100% in March 1947 (HW-7-6048-
DEL, page 23).  The waste volume in SST C-111 was not reported separately from the 
other two tanks in the cascade and only a total percent filled was reported until March 
1952.    
 
In July and August 1952, supernatant was transferred out of SST C-111 to SST B-106 for 
processing in the 242-B Evaporator, leaving approximately 36,000 gallons of waste in 
SST C-111 (HW-27839, pg 9 and 20).  Beginning in November 1952, the cascade of 
SSTs C-110, C-111, and C-112 were the active receiver of Tri-Butyl Phosphate (TBP) 
Plant7 waste.  After filling SST C-111 to 139,000 gallons with TBP waste, the cascade 
overflow line from SST C-110 to SST C-111 became plugged on November 15, 1952 
                                                 
7 The Tri-Butyl Phosphate Plant was also known as the uranium recovery plant or 221-U Plant. 
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(HW-27840, page 20).  No information was located that indicated the plugged cascade 
overflow was ever unplugged.  As a result of the plugged overflow line, TBP waste was 
transferred from SST C-110 using a pump and a temporary overground pipeline to SST 
C-111 (HW-26486 and HW-27627).  SST C-111 was filled to ~536,000 gallons of TBP 
waste as of January 1953 (HW-27841, page 20, Waste Status Summary Separations 
Section Period: January 1953, General Electric Company, Richland WA).  No waste 
additions or removal occurred from SST C-111 from February 1953 through December 
1955. 
 
In January 1956, 483,000 gallons of TBP waste was transferred from SST C-111 to 244-
CR vault for in-farm scavenging of 137Cs.  SST C-111 then served primarily as one of the 
settling tanks for ferrocyanide waste (designated as waste type TFeCN) resulting from in-
farm scavenging of 137Cs (HW-41812, pg. 4).  In August 1956, 474,000 gallons of 
TFeCN supernatant was transferred to the 216-BC-7 disposal site, leaving 20,000 gallons 
of supernate and 36,000 gallons of sludge in SST C-111 (HW-45140, pg. 4, Separations 
Section Waste Status Summary for August 1, 1955 - August 31 1956, General Electric 
Company, Richland WA).   
 
SST C-111 periodically received plutonium-uranium extraction (PUREX) organic wash 
waste (OWW) and PUREX cladding waste (CW) from September 1956 through April 
1957.  SST C-111 received 8,000 gallons of PUREX OWW in October 1956 (HW-
46382, pg. 4), 6,000 gallons of PUREX OWW in December 1956 (HW-47640, pg. 4), 
53,000 gallons of PUREX CW in January 1957 (HW-48144, pg. 4), 91,000 gallons of 
PUREX CW in February 1957, (HW-48846, pg. 4), and 119,000 gallons of PUREX CW 
in March 1957 (HW-49523, pg. 4).  SST C-111 contained approximately 332,000 gallons 
of waste on March 31, 1957. 
 
In April 1957, SST C-111 received 573,000 gallons of PUREX CW and transferred 
approximately 373,000 gallons of PUREX OWW and CW to SST BY-111 in April 1957, 
leaving 532,000 gallons of waste in SST C-111 (HW-50127, pg. 4, Chemical Processing 
Department Waste – Status Summary April 1, 1957 – April 30, 1957).  SST C-111 was 
reported to contain 550,000 gallons of waste in May 1957, as a result of “line drainage” 
following the transfer to SST BY-111 (HW-50617, pg. 4, Chemical Processing 
Department Waste Status Summary May 1, 1957 – May 31, 1957).  550,000 gallons of 
waste corresponds to a height of 17-ft 4.9-in. (referenced from center of tank bottom).  
Since the spare inlet nozzles are at a height of 17-ft 4-in. (referenced from center of tank 
bottom), it is possible that some PUREX OWW / CW was lost in May 1957 through the 
spare inlet nozzles to the soil.   
 
SST C-111 was again used from June 1957 (HW-51348, pg. 4, Chemical Processing 
Department Waste Status Summary June 1, 1957 – June 30, 1957) through December 
1957 (HW-54519, pg. 4, Chemical Processing Department Waste Status Summary 
December 1, 1957 – December 31, 1957) as the settling tank for ferrocyanide waste 
resulting from in-farm scavenging of 137Cs (TFeCN).  SST C-111 was filled and emptied 
several times during June through December 1957.  The supernatant that had been 
scavenged of 137Cs was intermittently transferred from SST C-111 to disposal trenches 
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during this time frame.  The maximum reported waste volume in SST C-111 was 549,000 
gallons (17-ft 4.5-in. above center of tank bottom) in September 1957 (HW-52932, pg. 4, 
Chemical Processing Department Waste Status Summary September 1, 1957 – September 
30, 1957).  Since the spare inlet nozzles are at a height of 17-ft 4-in. (referenced from 
center of tank bottom), it is possible that some TFeCN waste was lost in September 1957 
through the spare inlet nozzles to the soil.  SST C-111 contained 3,000 gallons of 
supernate and 95,000 gallons of sludge as of December 31, 1957.   
 
SST C-111 did not receive any waste from January 1958 through September 1959.  
However, the total waste volume was adjusted to 101,000 gallons (6,000 gallons of 
supernate and 95,000 gallons of sludge) in February 1958 (HW-55264, pg. 4, Chemical 
Processing Department Waste Status Summary February 1, 1958 – February 28, 1958) 
and 111,000 gallons in September 1959 (HW-62421, pg. 4, Chemical Processing 
Department Waste Status Summary September 1, 1959 – September 30, 1959), based on 
new electrode readings.  SST C-111 received intermittent transfers of PUREX CW 
supernatant from SST C-105 in October 1959 (187,000 gallon; HW-62723, pg. 4), March 
1960 (39,000 gallons; HW-64810, pg. 4), and November 1960 (5,000 gallon; HW-68291, 
pg. 4), resulting in SST C-111 containing 247,000 gallons of supernate and 95,000 
gallons of sludge.   
 
No additional waste was transferred into or removed from SST C-111 from December 
1960 through December 1961.  In January 1962, SST C-111 was reported to contain 
345,000-gallons of waste comprised of 95,000-gallons of sludge and 250,000-gallons of 
supernatant.  The waste contained in SST C-111 was reported to be comprised of 242-B 
evaporator bottoms (concentrated 221-U TBP Plant supernatant) and PUREX coating 
removal waste (HW-74647, pg. 4).  SST C-111 also contained TBP Plant sludge and 
cesium ferrocyanide precipitate from the 244-CR vault.   
 
From the July 1962 through June 1964, SST C-111 received approximately 194,000-
gallons of waste from the Hot Semiworks.  The total volume of waste in SST C-111 was 
reported as 539,000-gallons (17-ft, 0.9-in. referenced from center of tank bottom) on June 
30, 1964.  Table 4-8 lists the Hot Semiworks waste transfers and indicates the waste 
volume present in SST C-111 from 1962 through 1971.   
 
The waste level in SST C-111 began to decrease, as noted in Table 4-9.  The waste 
volume in SST C-111 decreased ~20,000-gallons from January 1, 1965 through June 30, 
1965.  SST C-111 continued to show a decrease in waste volume from July 1965 through 
June 1969, losing 1,000 to 5,000-gallons per quarter.  In the fourth quarter of calendar 
year 1969, approximately 350,000-gallons of waste were transferred from SST C-111 to 
SST C-104 because of a suspected tank leak.  The supernatant collected in SST C-104 
was then transferred in 1969 through several intermediate tanks to the in-tank 
solidification unit number 2 for volume reduction.  The SST C-111 supernatant did not 
reside in any of these intermediate tanks for sufficient time to detect waste evaporation.  
SST C-111 contained approximately 66,000 gallons of supernate and 81,000 gallons of 
sludge on December 31, 1969, following the supernate transfer to SST C-104.  SST 
C-111 received ~22,000 gallons of waste from catch 241-C-301 in the 2nd quarter of CY 
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1972.  Additional transfers of supernatant out of SST C-111 occurred during 1974 and 
1976.  Interim stabilization of the SST C-111 was completed in March 1984.   
 
As of June 30, 2006, SST C-111 contains 57,000 gallons of sludge as estimated from a 
22.9 inch ENRAF8 reading.  No pumpable liquid remains in the tank, and the waste 
contains an estimated 9,000 gallons of drainable interstitial liquid.  For inventory 
estimates, the sludge is designated as a combination of PUREX cladding waste (CWP1) , 
Hot Semi-works waste (HS), ferrocyanide sludge (TFeCN), and first decontamination 
cycle bismuth phosphate waste (1C) (TWINS, Queried 4/15/04, [SST C-111 Recent Best 
Basis Derivation Text]).  
 
 

                                                 
8 ENRAF - Nonius Series 854 is a trademark of ENRAF-Nonius, N.V. Verenigde Instrumentenfabrieken, 
ENRAF-Nonius Corporation Netherlands, Rontegenweg 1, Delft, Netherlands. 
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Table 4-8. SST C-111 Waste Inventory for 1962 through 1971 
Date Total Volume 

(gallons) 
Sludge Volume 

(gallons) 
Reference Comments from Reference Document 

01/01/62 – 06/30/62 345,000 95,000 HW-74647, page 4 88,000-gallons of evaporator bottoms (EB) 
and 257,000-gallons of coating removal 
waste (CW) in storage 

07/01/62 – 12/31/62 370,000 95,000 HW-76223, page 4 Received 25,000-gallons of waste from HS 
(201-C Hot Semi-Works) 

01/01/63 – 06/30/63 431,000 95,000 HW-78279, page 4 Received 61,000-gallons of waste from HS 
(201-C Hot Semi-Works) 

07/01/63 – 12/31/63 472,000 95,000 HW-80379, page 4 Received 41,000-gallons of waste from HS 
(201-C Hot Semi-Works) 

01/01/64 – 06/30/64 539,000 95,000 HW-83308, page 4 Received total of 101,000-gallons of waste 
from HS (201-C Hot Semi-Works) into C-
111 and C-112.  By mass balance and the 
reported inventories in each tank, 67,000-
gallons were received in C-111 and 
34,000-gallons were received into C-112 

07/01/64 – 12/31/64 539,000 95,000 RL-SEP-260, page 4 No waste additions or removal noted. 
01/01/65 – 06/30/65 519,000 81,000 RL-SEP-659, page 4 “New electrode” 
07/01/65 – 09/30/65 520,000 81,000 RL-SEP-821, page 4 “New electrode” 
10/01/65 – 12/31/65 516,000 81,000 RL-SEP-923, page 4 No waste additions or removal noted. 
01/01/66 – 03/31/66 513,000 81,000 ISO-226, page 4 No waste additions or removal noted. 
04/01/66 – 06/30/66 510,000 81,000 ISO-404, page 4 No waste additions or removal noted. 
07/01/66 – 09/30/66 510,000 81,000 ISO-538, page 4 No waste additions or removal noted. 
10/01/66 – 12/31/66 508,000 81,000 ISO-674, page 4 No waste additions or removal noted. 
01/01/67 – 03/31/67 508,000 81,000 ISO-806, page 4 No waste additions or removal noted. 
04/01/67 – 06/30/67 503,000 81,000 ISO-967, page 4 No waste additions or removal noted. 
07/01/67 – 09/30/67 503,000 81,000 ARH-95, page 5 No waste additions or removal noted. 
10/01/67 – 12/31/67 502,000 81,000 ARH-326, page 5 No waste additions or removal noted. 
01/01/68 – 03/31/68 499,000 81,000 ARH-534, page 5 No waste additions or removal noted. 
04/01/68 – 06/30/68 499,000 81,000 ARH-721, page 5 No waste additions or removal noted. 
07/01/68 – 09/30/68 499,000 81,000 ARH-871, page 5 No waste additions or removal noted. 
10/01/68 – 12/31/68 499,000 81,000 ARH-1061, page 5 No waste additions or removal noted. 
01/01/69 – 03/31/69 498,000 81,000 ARH-1200 A, page 5 No waste additions or removal noted. 
04/01/69 – 06/30/69 497,000 81,000 ARH-1200 B, page 5 No waste additions or removal noted. 
07/01/69 – 09/30/69 497,000 81,000 ARH-1200 C, page 5 No waste additions or removal noted. 
10/01/69 – 12/31/69 147,000 81,000 ARH-1200 D, page 5 Transferred 349,000-gallons of 

supernatant to SST C-104.   
01/01/70 – 03/31/70 147,000 81,000 ARH-1666 A, page 5 No waste additions or removal noted. 
04/01/70 – 06/30/70 146,000 96,000 ARH-1666 B, page 5 No waste additions or removal noted. 
07/01/70 – 09/30/70 150,000 92,000 ARH-1666 C, page 5 No waste additions or removal noted. 
10/01/70 – 12/31/70 151,000 92,000 ARH-1666 D, page 5 No waste additions or removal noted. 
01/01/71 – 03/31/71 151,000 92,000 ARH-2074 A, page 5 No waste additions or removal noted. 
04/01/71 – 06/30/71 151,000 92,000 ARH-2074 B, page 5 No waste additions or removal noted. 
07/01/71 – 09/30/71 151,000 92,000 ARH-2074 C, page 5 No waste additions or removal noted. 
10/01/71 – 12/31/71 151,000 92,000 ARH-2074 D, page 5 No waste additions or removal noted. 
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Table 4-9. SST C-111 Waste Volume Change 1964 - 1971 

Date 
Change in Volume 

(gallons) 

Cumulative Volume 
Decrease 
(gallons) 

Total Volume 
(gallons) 

07/01/64 – 12/31/64 0 0 539,000 
01/01/65 – 06/30/65 -20,000 (9) 20,000 519,000 
07/01/65 – 09/30/65 1,000 19,000 520,000 
10/01/65 – 12/31/65 -4,000 23,000 516,000 
01/01/66 – 03/31/66 -3,000 26,000 513,000 
04/01/66 – 06/30/66 -3,000 29,000 510,000 
07/01/66 – 09/30/66 0 29,000 510,000 
10/01/66 – 12/31/66 -2,000 31,000 508,000 
01/01/67 – 03/31/67 0 31,000 508,000 
04/01/67 – 06/30/67 -5,000 36,000 503,000 
07/01/67 – 09/30/67 0 36,000 503,000 
10/01/67 – 12/31/67 -1,000 37,000 502,000 
01/01/68 – 03/31/68 -3,000 40,000 499,000 
04/01/68 – 06/30/68 0 40,000 499,000 
07/01/68 – 09/30/68 0 40,000 499,000 
10/01/68 – 12/31/68 0 40,000 499,000 
01/01/69 – 03/31/69 -1,000 41,000 498,000 
04/01/69 – 06/30/69 -1,000 42,000 497,000 
07/01/69 – 09/30/69 0 42,000 497,000 
10/01/69 – 12/31/69 

-350,000 
Transferred waste to tank  

241-C-104 
147,000 

01/01/70 – 03/31/70 0  147,000 
04/01/70 – 06/30/70 -1,000  146,000 
07/01/70 – 09/30/70 4,000  150,000 
10/01/70 – 12/31/70 1,000  151,000 

 
 

                                                 
9 Waste volume decline due to installation of new electrode for determining liquid level. 
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Figure 4-18. Tank C-111 Waste Surface Level History 
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4.3.2 Basis for Leak Declaration 
SST C-111 was classified as questionable integrity in 1968 (Baumhardt 1989).  SST C-111 was 
declared a suspected leaker in late 1973 (ARH-2794-D, 1974, Manufacturing and Waste 
Management Division Waste Status Summary October 1, 1973 Through December 31, 1973).  
As a result, supernatant was transferred out of SST C-111 during 1974.  SST C-111 was removed 
from service in 1975 and the final waste transfer out of the tank was completed in 1976.  The 
tank status was reviewed and classified confirmed as “questionable integrity” in 1981 (RHO-CD-
1193, 1981, Review of Classification of Hanford Single-Shell Tanks 110-B, 111-C, 103-T, 107-
TX, 104-TY, and 106-U). 
 
A leak estimate of 5,500 gallons was assigned in 1989 based on liquid level calculations 
(Baumhardt 1989), but these calculations were not provided in the reference.  In 1974, the 
volume of waste leaked from SST C-111 was estimated to be 22,000 gallons with a leak date of 
1968 (IDMS Accession # D196207372).  Also, an unexplained decrease of 8.5 in. in the tank 
surface-level measurements occurred over a 4-year period (1965-1969), which corresponds to a 
liquid volume of ~23,000 gallons (RHO-CD-1193, pages 25-33).   
 
 
4.3.3 Data Review and Observations 
The panel first looked for evidence of a leak or contamination outside the tanks or in the vadose 
zone.  There are no laterals in C tank farm and negligible (less than 50 cps) contamination was 
observed historically in drywells 30-11-01, 30-11-05, 30-11-06, 30-11-09, and 30-11-11 
surrounding SST C-111 (RHO-CD-1193, pg. 27).  Minor surface level contamination and less 
than 1-picocuries of 137Cs per gram of soil was detected at depth in these drywells when gamma 
spectral logging was conducted between 1997 and 2000 (GJPO-HAN-18, 1998, and GJO-98-39-
TARA, September 2000, Vadose Zone Characterization Project at the Hanford Tank Farms, 
Addendum to the C Tank Farm Report).  
No evidence was found of a pipeline leak in the vicinity of SST C-111 (RPP-RPT-29191, 2006, 
Supplemental Information Hanford Tank Waste Leaks  and RPP-25113, 2005, Residual Waste 
Inventories in Plugged and Abandoned Pipelines at the Hanford Site). 
 
HRR Information 
High resolution resistivity (HRR) was used between August and December 2006 to conduct 
geophysical investigation within the 241-C Tank Farm (RPP-RPT-31558).  The preliminary 
geophysical investigation was performed by collecting resistivity data using 69 drywells within 
the tank farm and with a set of 8 monitoring boreholes (e.g., groundwater wells), 1 buried 
electrode, and four surface electrode arrays outside of the farm.  The four surface electrode 
arrays were run parallel to the tank farm fence line.  Only the well to well electrode readings 
provided resistivity data having the capability to identify and delineate contaminant plume 
features within and around tank farms.   
 
Areas of low resistivity are shown in Figure 4-4 for the 241-C Tank Farm.  Areas with low 
resistivity are most likely associated with increased soil moisture or inorganic salt concentration, 
which could be due to waste loss events.  Specific areas of low-resistivity values within the 
241-C tank farm are a region near tanks 241-C-101, 241-C-102, 241-C-104, C-105, and 
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241-C-107, along with a smaller low-resistivity zone near tank 241-C-108.  There are no areas of 
low resistivity detected in the vicinity of SST C-111. 
 
Evaporation 
Over 4 years, from 1965 to 1969, an 8.5-in decrease in the SST C-111 waste surface level was 
observed to follow a typical (exponential) decay curve profile, as shown in Figure 4-19. 
 
Previous reviews of SST C-111 assumed a temperature of less than 100oF at the time that the 
tank was filled to the 191 in. level with the Hot Semiworks (HS) waste (RHO-CD-1193, pg. 29).  
This was a primary basis for the conclusion in RHO-CD-1193 that the loss could not be 
attributed to evaporation.  However, after SST C-111 received strontium HS waste, during the 
second quarter of 1964, temperature records show that the tank heated up to greater than 190oF 
(RHO-CD-1172, pages B-61 and B-62).  The high temperature suggests that the observed 
decrease in surface level can be explained by evaporation.   
 
A search was conducted of available waste sample analyses to determine if there was sufficient 
radiolytic decay heat generated from the HS waste stored in SST C-111 to cause the observed 
waste surface decrease through evaporation.  No information could be located that provided the 
composition of the Hot Semiworks waste transferred into SST C-111.  However, the fission 
product content of the Hot Semiworks waste can be estimated from the Hot Semiworks 
specifications and standards for strontium purification (RL-SEP-20). 
 
From July 1962 through July 1964, the Hot Semiworks transferred 3,939,000 curies of 
strontium-90 to offsite users as listed in Table 4-10 (Johnson 2003, interoffice memo 7G400-03-
SMM-003, Shipment of Cesium-137 and Strontium-90 from the Hanford Site (1961 through 
1977)).  The Hot Semiworks specifications and standards documents states the concentrations of 
90Sr and 144Ce in the feed to the strontium purification process were 48 Ci/L and 150 Ci/L, 
respectively.  This ratio of 144Ce to 90Sr has been used in Table 4-11 to estimate inventory of 
144Ce contained in the Hot Semiworks waste that was transferred to SST C-111.   The 144Ce 
inventory in the waste transferred to SST C-111 was decay corrected from the date of processing 
in the Hot Semiworks to July 1964 using the following equation: 
 
 

C = Co * e – (T * 0.693 / t
½

) 
 
Where: 
C is the concentration after decay by T years 
T is the decay time in years 
t½ is the half life of the isotope,  
t½ is ~0.78 (284.3/365) years for Ce144 (RHO-SD-RE-TI-131) 

 
In Table 4-12, the radiolytic heat generation rate for this waste was calculated using the 
estimated Ce144 inventory and a decay heat generation rate of 2.73E-02 Btu/(Ci-hr) for 144Ce / 
144Pr (RHO-SD-RE-TI-131).  The radiolytic heat generation rate was also determined versus 
time using the radionuclide decay equation listed above and reported in Table 4-12. 
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After adding approximately 194,000-gallons of waste from the Hot Semiworks, SST C-111 
contained 539,000-gallons of waste.  The waste level in SST C-111 began to decrease, as noted 
in Table 4-9 and depicted in Figure 4-18.  The waste volume in SST C-111 decreased by 
~20,000-gallons from January 1, 1965 through June 30, 1965.  This waste volume decline was 
described as due to the installation of a new electrode for determining liquid level.  The SST 
C-111 waste volume remained at 519,000 to 520,000-gallons for three months (July thru 
September 1965).  SST C-111 showed a decrease in waste volume from October 1965 through 
June 1969, losing 1,000 to 5,000-gallons per quarter.  In the fourth quarter of calendar year 1969, 
approximately 349,000-gallons of waste were transferred from SST C-111 to SST C-104 because 
of a suspected tank leak.   
 
The waste volume decrease in SST C-111 is plotted versus time along with the radiolytic heat 
generation rate in Figure 4-19.  This plot clearly shows the decrease in SST liquid level parallels 
the radiolytic heat generation rate from the HS waste stored in this tank.  The liquid level 
decrease in SST C-111 stops when the waste radiolytic heat generation rate diminishes. 
 
Evaporative modeling calculations were conducted to evaluate whether evaporation could lead to 
a 2-in. liquid level (~5,500-gallons) decrease in 1 year without active ventilation.  There is no 
evidence that SST C-111 was connected to an active ventilation system or had an atmospheric 
condenser between 1965 and 1969.  High temperature conditions in SSTs typically create airflow 
mixing and airflow rates of 3 to 6-cfm are considered plausible under these conditions.  The 
psychometric chart indicates at 190oF and 100% relative humidity, air contains ~1.0 lbs of water 
per lb of dry air and has a density of ~0.024 lbs dry air/ft3 (Chemical Engineering Handbook, 
1973, pg. 20-6, 5th Edition, R. H. Perry and C. H. Chilton, McGraw-Hill Book Company, New 
York).  At an airflow rates of 5-cfm, ~7,500 gallons of water per year would be exhausted from 
SST C-111.  If we assume the air exhausting from SST C-111 was only at 190oF and 70% 
relative humidity, then the air would contain ~0.52 lbs of water per lb of dry air, at a density of 
~0.033 lbs dry air/ft3, and 5-cfm would exhaust ~5,460 gallons of water per year.  Therefore, the 
8.5-inch loss of liquid level in SST C-111 can be adequately explained by an exhaust airflow rate 
of 5-cfm of air at 190oF and a relative humidity of 70% to 100%, which are conditions estimated 
to have existed within this SST at the time of the liquid level decline.  
 
As noted in RHO-CD-1193 (p. 28), following the 8.5-in. level decrease, there was a period of 
231 days (about 7 months) that the waste level remained stable.  The waste level in SST C-111 
stayed at 176 in. (~497,000 gallons) between May 9, 1969 and December 26, 1969, before 
349,000 gallons of waste was transferred to SST C-104.  This serves as a reasonable static leak 
test after the period of evaporation.  After transferring ~349,000 gallons of waste to SST C-104, 
the waste level in SST C-111 was ~49 in. (~109,400 gallons).  The waste level in SST C-111 
remained unchanged at 49 in. until June 1972 when approximately 24,700 gallons of waste was 
transferred from catch tank C-301 into SST C-111 (RHO-CD-1193, pg. 27), increasing the waste 
level to ~58-in. (~134,100 gallons).  From June 1972 to 1974, the waste level remained at a level 
of 58 in. (~134,000 gallons).  No waste losses were observed below this level. 
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Figure 4-19.  Tank C-111 Liquid Level and Estimated Radiolytic Heat Generation July 1964 – September 
69
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Table 4-10. Strontium Semiworks Cask Station Fission Products Shipment Information 

Inventory in Shipment (kilocuries) Date 
Sr-90 Cs-137 Ce-144 Pm-147 

Destination Reference 

August 1969 699    To B Plant The 699kCi of purified Sr-90 were transferred from tank E-4 in the 
Strontium Semiworks to B Plant tank 35-1 for temporary storage.  The 
Strontium Semiworks was placed in layaway status [PR-REPORT-AUG69-
DEL, page AIV-3]. 

February 27, 1969 28    To PNNL Shipped cask containing 40-liters of strontium product to PNNL [PR-
REPORT-FEB69-DEL, page AIII-3 and ARH-1023-DEL, page 93]. 

January 1968 60    To PNNL Shipment to PNNL [HAN-99604-DEL, page AIII-3]. 
October 1967 None None None None  Strontium Semiworks shutdown.  Washed solvent was transferred to tank 

14-2 at REDOX using a PNNL trailer [ISO-651 RD, page 256]. 
September 18, 1967   150 200 To PNNL Shippingport Am/Cm/Rare Earth material recovered at REDOX and semi-

purified at Semiworks was transferred in a cask to PNNL.  Approximately 
2,820 curies Am-241, 4,830 curies Cm-244, 1,000 curies Eu-154 recovered 
along with Ce-144 and Pm-147 [ISO-651 RD, page 245 – 247]. 

July 1967   ~1,200  To PNNL Loaded two 200-gallon bowling ball casks with cerium product for delivery 
to PNNL [ISO-651 RD, page 180 and HAN-98343-DEL, page AIII-3]. 

June 1967 ~35    To PNNL About 35kCi of Sr-90 sent to PNNL in a 40-gallon sample cask [ISO-651 
RD, page 141 and HAN-98163-DEL, page AIII-4]. 

May 1967   324  To PNNL Loaded three 40-gallon PNNL casks with cerium and rare earth product 
[ISO-651 RD, page 113 and HAN-97845-DEL, page AIII-4]. 

November 1966   300  From PNNL Received 6 casks, each containing 200-gallons of Ce waste and unloaded to 
tank 011 in 244-CR Vault [HAN-96143-DEL, page AIII-4]. 

October 1966 2.65    To PNNL 3.5-gallons of strontium-90 solution at approximately 200 Ci/l were loaded 
into a 11-gallon PNNL sample cask [ISO-75 RD, page 163]. 

June 10, 1966 390    To ORNL Shipped HAPO-IB-3 cask [HAN-95105-DEL, page 15]. 
May 2, 1966 490    To ORNL Shipped HAPO-II-2 and HAPO-IB-1 casks [HAN-94842-DEL, page 18]. 

May 1966    1,080 To PNNL Two Pm-147 shipments to PNNL [HAN-94842-DEL, page 18]. 
April 1966    1,800 To PNNL Two casks loaded and shipped [HAN-94591-DEL, page 14]. 

March 18, 1966 180    To Quehanna, PA Shipped HAPO-II-1 cask [HAN-94330-DEL, page 15]. 
March 18, 1966    730 To PNNL Shipped 200-gallon bowling ball cask [HAN-94330-DEL, page 15]. 

February 21, 1966 330    To ORNL Sipped HAPO-IB-3 cask [HAN-94040-DEL, page 15]. 
February 4, 1966 160    To Quehanna, PA Shipped HAPO-II-2 cask [HAN-94040-DEL, page 15]. 
January 3, 1966 170    To Quehanna, PA Shipped HAPO-II-1 cask [HAN-93802-DEL, page 13]. 

December 13, 1965 430    To ORNL Shipped HAPO-IB-1 cask [HAN-93551-DEL, page 13]. 
December 10, 1965    195 To PNNL Shipped 200-gallon cask [HAN-93551-DEL, page 13]. 
November 29, 1965   420  To ORNL Shipped HAPO-IB-2 cask [HAN-93300-DEL, page 13]. 
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Table 4-10. Strontium Semiworks Cask Station Fission Products Shipment Information 
Inventory in Shipment (kilocuries) Date 

Sr-90 Cs-137 Ce-144 Pm-147 
Destination Reference 

November 18, 1965 150    To Quehanna, PA Shipped HAPO-II-2 cask [HAN-93300-DEL, page 13]. 
October 1965 430    To ORNL Shipped HAPO-IB-1 cask [HAN-92954-DEL, page 14]. 

September 10, 1965 100    To Quehanna, PA Shipped HAPO-II-1 cask [HAN-92750-DEL, page 14]. 
September 1965    14 To PNNL Shipped 40-gallon cask to PNNL.  Pm-147 was from promethium ion 

exchange column run conducted at 222-S laboratory [HAN-92750-DEL, 
page 14]. 

June 18, 1965    120 To PNNL [HAN-92077-DEL, page 14]. 
May 14, 1965    45 To PNNL [HAN-91791-DEL, page 18]. 

April 1965    125 To PNNL Loaded out 125kCi of Pm-147 from Strontium Semiworks [HAN-91499-
DEL, page 14]. 

March 19, 1965 340    To ORNL Shipped HAPO-IB-1 cask [HAN-91198-DEL, page 16]. 
September 11, 1964 350    To ORNL Shipped HAPO-IB-1 cask [HW-84354, page A-3 and B-1]. 

July 6, 1964 420    To ORNL Shipped HAPO-IB-2 cask [HW-83508, page B-2]. 
May 18, 1964 120    To ORNL Shipped HAPO II-1 cask [HW-82526, page B-1]. 

March 23, 1964 410    To ORNL Shipped HAPO-IB-2 cask [HW-81620, page A-3]. 
March 2, 1964   500  To ORNL Shipped HAPO-IB-2 cask [HW-81620, page A-3]. 
February 1964   30  To HLO Shipped 40-gallons cask to HLO [HW-81078, page B-1]. 
January 1964 110    To Quehanna, PA Cask shipped [HW-80672, page A-3]. 

November 29, 1963    49 To ORNL ORNL Pm cask shipped [HW-79768, page B-1]. 
November 22, 1963 140    To ORNL HAPO-II-1 shipped [HW-79768, page B-1]. 
October 18, 1963 340    To ORNL HAPO-IB-1 cask shipped [HW-79480, page A-3]. 
October 7, 1963 170    To ORNL HAPO-II-2 cask shipped [HW-79480, page A-3]. 
August 12, 1963 470    To ORNL HAPO-IB-1 cask shipped [HW-78817, page 5 and A-3]. 
August 5, 1963 140    To Quehanna, PA HAPO-II-1 cask shipped [HW-78817, page 5 and A-3]. 
July 19, 1963 170    To Quehanna, PA HAPO-II-2 cask shipped [HAN-83805-PT7, page 32]. 
June 14, 1963 160    To ORNL HAPO-II-1 cask shipped [HAN-85578-DEL, page 11]. 
May 31, 1963 155    To Quehanna, PA HAPO-II-2 cask shipped [HW-77795, page 5 and A-3]. 
April 15, 1963 170     ARH-N-82 page 2 reports 170kCi of Sr-90 shipped to ORNL on April 15, 

1963.  Monthly report for April 1963 (HAN-85001) does not report this 
shipment. 

March 1963   100  To ORNL HAPO-I cask shipped [HAN-84757-DEL, page 11]. 
March 22, 1963 145    To Quehanna, PA HAPO-II-2 cask shipped [HAN-84757-DEL, page 11]. 
February 1963 50    To HLO A HLO cask was loaded in the strontium nitrate form [HW-76848, page B-

1]. 
February 22, 1963 170    To ORNL Shipped HAPO-II-2 cask [HW-76848, page 5]. 
December 31, 1962 165    To Quehanna, PA Shipped HAPO-II-2 cask [HW-76054, page 5]. 
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Table 4-10. Strontium Semiworks Cask Station Fission Products Shipment Information 
Inventory in Shipment (kilocuries) Date 

Sr-90 Cs-137 Ce-144 Pm-147 
Destination Reference 

November 1962 170    To Quehanna, PA Two HAPO-II casks were loaded with approximately 335kCi of Sr-90 in 
November 1962.  The monthly report does not mention shipment of either 
cask [HW-75702, page B-1].  Only one of the HAPO-II casks containing 
165kCi of Sr-90 is reported as being shipped in December 1962 [HW-
76054, page 5].  Therefore, it is assumed that the other cask was shipped in 
November 1962. 

September 29, 1962 94    To Quehanna, PA Shipped HAPO-II-2 cask [HW-75145, page 5]. 
November 3, 1962 170    To Quehanna, PA HAPO-II-1 cask loaded with 170kCi of Sr-90 for shipment on August 3, 

1962 [HAN-80582-DEL, page 24]. 
July 6, 1962 130    To Quehanna, PA Shipped HAPO-II-2 cask [HW-74505, page 5]. 

March 26, 1962 140    To ORNL Shipped HAPO-II-2 cask [HW-73193, page 5]. 
March 2, 1962 110    To ORNL Shipped HAPO-II-1 cask [HW-73193, page 5]. 

July 1961 120    To ORNL Shipped HAPO-II-1 cask loaded at Hot Semiworks [HW-70588, page B-1]. 
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Table 4-11. Estimated 144Ce Inventory in Hot Semiworks Waste  
Transferred to SST C-111 

Date 
90Sr kCi 

Shipped Offsite 
Estimated 144Ce 

kCi in waste 
Decay Corrected to July 64  

144Ce kCi 
6-Jul-64 420 1312.5 1,328.6 

18-May-64 120 375.0 336.9 
23-Mar-64 410 1281.3 1,004.1 

Jan-64 110 343.8 220.6 
22-Nov-63 140 437.5 254.7 
18-Oct-63 340 1062.5 567.9 
7-Oct-63 170 531.3 276.4 

12-Aug-63 470 1468.8 666.7 
5-Aug-63 140 437.5 195.2 
19-Jul-63 170 531.3 227.5 
14-Jun-63 160 500.0 196.6 

31-May-63 155 484.4 184.0 
15-Apr-63 170 531.3 180.4 
22-Mar-63 145 453.1 145.2 

Feb-63 50 156.3 44.4 
22-Feb-63 170 531.3 159.0 
31-Dec-62 165 515.6 135.6 

Nov-62 170 531.3 120.7 
29-Sep-62 94 293.8 61.6 
3-Nov-62 170 531.3 121.3 

Total 3939 12,309.4 6,427.3 
 

Table 4-12. Radiolytic Heat Generation Rate for Hot Semiworks Waste 
Transferred to SST C-111 

Date 
Radiolytic Heat Generation 

Btu/hr 
Decay Corrected Ce144 

kCi 
1-Jul-64 175,464 6,427 

31-Dec-64 112,321 4,114 
31-Mar-65 90,195 3,304 
30-Jun-65 72,252 2,647 
30-Sep-65 57,737 2,115 
31-Dec-65 46,138 1,690 
31-Mar-66 37,050 1,357 
30-Jun-66 29,679 1,087 
30-Sep-66 23,717 869 
31-Dec-66 18,952 694 
31-Mar-67 15,219 557 
30-Jun-67 12,191 447 
30-Sep-67 9,742 357 
31-Dec-67 7,785 285 
31-Mar-68 6,236 228 
30-Jun-68 4,996 183 
30-Sep-68 3,992 146 
31-Dec-68 3,190 117 
30-Mar-69 2,568 94 
30-Jun-69 2,052 75 
30-Sep-69 1,640 60 
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Further evidence supporting evaporation is the seasonal pattern of waste level decrease, after 
July of 1967.  The heat load from the waste would have significantly decayed by this point, 
leaving a warm tank to gradually cool by sensible heat.  In the summer months, when the outside 
conditions were similar to the temperature in the tank, no change was observed.  However, in the 
winter months, when the air inside the tank was warmer than the outside air, slight decreases in 
waste levels were observed.  This is interpreted as evidence of increasing airflow in the winter 
due to thermal effects, which removed between 1,000 and 3,000 gallons of waste per quarter (see 
Table 4-9).   
 
In the absence of any documentation, it is unclear why an 8.5-in. level drop was of little concern 
to the engineers and operators from 1964 through 1969.  Compared to other tank leak events 
(e.g. SST T-106), a considerable span of time elapsed before most of the supernatant was 
pumped from this tank.  It was almost a year after the observed waste level decreases that the 
supernatant was pumped, leaving approximately 147,000 gallons of waste in SST C-111.  A 
period of about 5 years passed between the liquid level decrease and the declaration of SST 
C-111 as a “suspected leaker” in late 1973.   
 
4.3.4 Tank C-111 Assessment  
The summary information shown in Table 4-13 for tank C-111 was discussed with evaluation 
team members. 
 
Drywell Activity 
Minor surface level contamination and less than 1-picocuries of 137Cs per gram of soil was 
detected at depth in these drywells when gamma spectral logging was conducted between 1997 
and 2000 (GJPO-HAN-18, 1998 and GJO-98-39-TARA, 2000).  
 
Evaporation 
The waste volume in SST C-111 decreased by ~20,000-gallons from January 1, 1965 through 
June 30, 1965.  This waste volume decline was described as due to the installation of a new 
electrode for determining liquid level.  The decrease in liquid level measurements observed after 
installing a new manual tape electrode is attributed to instrument error.  This discrepancy was not 
uncommon when a new electrode was installed.  It is believed that the old electrode may have 
decayed or been damaged, resulting in the erroneous readings.  Three electrode level adjustments 
are noted in the transfer record between 1957 and 1961.  The fact that the SST C-111 waste 
surface level measurements remained steady at 519,000 to 520,000-gallons for three months 
(July thru September 1965) following installation of the new electrode is further evidence that 
there was likely no instantaneous liquid level decrease when the new electrode was installed.   
 
SST C-111 also showed a decrease in waste volume from October 1965 through June 1969, 
losing 1,000 to 5,000-gallons per quarter for a total level decline of 22,000 gallons.  High 
temperature conditions in SSTs typically create airflow mixing and airflow rates of 3 to 6-cfm 
are considered plausible under these conditions.  The psychometric chart indicates at 190oF and 
100% relative humidity, air contains ~1.0 lbs of water per lb of dry air and has a density of 
~0.024 lbs dry air/ft3 (Chemical Engineering Handbook, 1973, pg. 20-6).  At an airflow rate of 
5-cfm, ~7,500 gallons of water per year would be exhausted from SST C-111.  Assuming the air 
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exhausting from SST C-111 was at 190oF and 70% relative humidity, then the air would contain 
~0.52 lbs of water per lb of dry air, at a density of ~0.033 lbs dry air/ft3, and 5-cfm would 
exhaust ~5,460 gallons of water per year.  Therefore, the loss of liquid level in SST C-111 can be 
adequately explained by an exhaust airflow rate of 5-cfm of air at 190oF and a relative humidity 
of 70% to 100%.  Measured liquid level decrease rates compared with calculated evaporation 
rates showed similar trends, further confirming that liquid level decreases from October 1965 
through June 1969 can reasonably be attributed to evaporation losses. 
 
A key difference in current evaporation calculations and previous estimate (RHO-CD-1193) is 
that previous report estimated evaporation for a 100oF temperature.  The authors of RHO-CD-
1193 did not appear to be aware of and did not consider information (RHO-CD-1172, pages 
B-61 and B-62) found during the current assessment showing the tank waste temperature was 
190oF or higher.   
 
4.3.5 Conclusions 
Evaporation calculations and plotted liquid level and evaporation rates clearly indicate that the 
liquid level decrease can be attributed to evaporation and suggest that high tank waste 
temperature information was apparently not available for previous assessments.  The assessment 
team believes that the data supports the potential to reclassify tank C-111 as sound.  Therefore, 
no leak volume or inventory is assigned for tank C-111.  
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Table 4-13.  Tank C-111 Leak Information Summary 

Item When Estimated Leak 
Volume (gallons) 

Range of Leak 
Volume (gallons) 

Possible Sources Comments 

Declared “suspect leaker” 
in 1968 and “questionable 
integrity” in 1974 

1968; 1974 No estimate  No estimate No source identified Tank was identified as questionable integrity based on RHO-
CD-1193, 1981, Review of the Classification of Hanford 
Single-Shell Tanks 110-B, 111-C, 103-T, 107-TX, 104-TY, 
and 106-U. 
No primary source could be located corroborating the 
“Suspect Leaker” date of 1968, which is listed in LET-
013074 and HNF-EP-0182 rev. 219. 
The first documented date for classification of SST C-111 as 
a “Suspect Leaker” is reported on March 25, 1974 in ARH-
2794-D, 1974, Manufacturing and Waste Management 
Division Waste Status Summary October 1, 1973 Through 
December 31, 1973, Atlantic Richfield Hanford Company, 
Richland WA. 

Current HNF-EP-0182 
rev. 219 (June 2006) leak 
volume estimate 

1968 5,500 No range provided No source identified “There were 27 tanks for which leak volumes have not 
previously been reported.  Of these 27 tanks, the leak volume 
of 6 tanks could be determined using liquid level data, and 2 
additional tank leaks were estimated as 2,000 gallons each.”  
Table 2B lists the estimated leak volumes for the 27 tanks, 
including SST C-111 (Baumhardt, R. J. 1989). 
 
Note: The reference does not provide a basis for SST C-111 
leak estimated of 5,500 gallon. 

Liquid Level Decrease 1965-1969 ~23,000 None N/A Unexplained liquid level decreases from ~520,000 to 497,000 
gallons observed 1965 - 1969. Liquid level data indicates 
spare inlet nozzles were not submerged at this time. 
Steady waste level at ~176 in. (~497,000 gallons) reported 
for May 9 1969 – December 26, 1969 (RHO-CD-1193, 
page 28).   
After transferring ~349,000 gallons of waste to SST C-
104, the waste level in SST C-111 was steady at ~49 in. 
(~109,400 gallons) from 1970 through June 1972.  
In June 1972, ~24,700 gallons of waste was transferred 
from catch tank C-301 into SST C-111 (RHO-CD-1193, 
pg. 27), increasing the waste level to ~58-in. (~134,100 
gallons).  From June 1972 to 1974 the surface level 
remained at a level of 58 in. (~134,000 gallons). 
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Table 4-13.  Tank C-111 Leak Information Summary 
Item When Estimated Leak 

Volume (gallons) 
Range of Leak 

Volume (gallons) 
Possible Sources Comments 

1974 Leak Estimate 1968 22,000 None 7,000 Ci Cs-137 
(1968) 

Accession # D196207372, LET-013074, “Radionuclide 
Inventories in Leaks from Transfer Lines and Tanks”, letter 
dated January 30, 1974 from M. C. Fraser and D. J. Larkin to 
H. P. Shaw, Atlantic Richfield Hanford Company, Richland 
WA 

Drywell data 1970 – 1986 No estimate  No estimate No source identified Monitoring of drywells 30-11-01 (1979), 30-11-05 (1975), 
30-11-06 (1970), 30-11-09 (1970), and 30-11-11 (1975) all 
have shown less than the background radioactivity level of 50 
cps gross gamma (RHO-CD-1193, page 27 and WHC-SD-
WM-TI-356). 

SGE data  October 2006 No estimate  No estimate No source identified No areas of low resistivity are found around SST C-111 
1981 Prior leak 
investigations 

 No estimate  No estimate  SST C-111 was evaluated in the 1981 report (RHO-CD-
1193). 
 
Four teams reviewed the classification status of SST C-111 
with the teams comprised of: (1) Tank Farm & Evaporator 
Process Control Group, (2) Tank Farm Surveillance Analysis 
Group, (3) Process Engineering, 200 East Area Maintenance 
and Earth Sciences, and (4) Process Engineering.  Teams 1, 2 
and 4 concluded SST C-111 should be classified as a 
“Confirmed Leaker”.  However, team 3 concluded that “… 
without confirmatory drywell evidence Tank C-111 could 
not, at the 95% Confidence Level, be declared a Confirmed 
Leaker.  Therefore, following the established Ground Rules 
for reclassification of single-shell tanks, Tank C-111 must 
continue to be classified as of Questionable Integrity.” 
(RHO-CD-1193, pg. 13) 

SIM Estimate  5,500    
SIM Mean Inventory 137Cs ~195 Ci   
 99Tc 0.054 Ci   
 90Sr 841.8 Ci   
 Cr 5.3 kg   

Assumes leak date of 1968 and uses the following waste 
types and maximum leak volume estimate: 
1C1 (BT1): 8.01E-03 liter 
TBP-UR (BT2): 5.86E-01 liter 
TFeCN (BT2): 1.50E+03 liters 
CWP1 (CWP1): 9.37E+03 
PUREX (P2) OWW1: 3.01E+00 liter 
Sr-Cs Rec Wst (P1)_HS: 8.56E+03 liter 
PUREX (P2) Cool Wtr-Stm Cond: 1.39E+03 liter 
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4.4 Reassessment of Tank 241-C-105 Waste Loss Event 
 
4.4.1 Background 
Tank C-105 is a single-shell tank (SST), which was constructed in 1944 through early 1945.  
SST C-105 has a capacity of 530,000 gallons and a diameter of 75-ft, as depicted in Figure 4-1 
(W-72743).  A cascade overflow line connects SST C-105 as second in a cascade series of three 
tanks continuing through SSTs C-104 and C-106.  The cascade overflow line, as shown in Figure 
4-20, consists of a 3-inch diameter schedule 80 steel pipe contained within an 8-inch diameter 
schedule 40 steel pipe (W-72743).  The 3-inch diameter cascade pipeline extends into the pipe 
sleeves on both SSTs.  The pipe sleeves consist of an outer 6-inch diameter schedule 40 steel 
pipe and an inner 4-inch diameter schedule 40 steel pipe.  The pipe sleeves protrude from the 
SST and the ends of the outer 8-inch diameter pipe are welded to the pipe sleeve, external to the 
SST.  SST C-105 is categorized as a sound tank (HNF-EP-0182, rev. 221, page 16). The 
operational history for SST C-105 for 1947 through 1980 is presented in WHC-MR-0132 and 
summarized in the following discussion. 
 
Figure 4-21 provides the surface waste level history for SST C-105, which is described in more 
detail below.  Figure 4-22 provides available temperature data for the waste stored in SST C-105 
from 1973 through 1996 (WHC-SD-WM-ER-313, Appendix D).  
 
SST C-105 began receiving Metal Waste (MW) in February 1947 from the 221-B Plant Bismuth 
Phosphate Process.  The MW was received into SST 241-C-104 and then cascaded to SST 
C-105.  After filling SST C-105 to normal operating capacity of 530,000-gallons in June 1947, 
MW cascaded through both SSTs C-104 and C-105 into SST C-106.  The cascade was filled 
with MW in November 1947.  The MW remained in SST C-105 until it was sluiced out in 1953 
and 1954; after the last transfer of the MW slurry, virtually no solids remained in the tank.   
 
During July and August of 1954, SST C-105 was filled with Tri-Butyl Phosphate (TBP) Plant 
waste (HW-32697, page 4 and HW-33002, page 4).  SST C-105 contained a total volume of 
546,000-gallons after receiving this TBP Plant waste, which corresponds to a waste height of 17-
ft 4-in. above the center of the tank bottom.  The spare inlet nozzles on the SSTs are at a height 
of 17-ft 4-in. (referenced from the center of the tank bottom) and it is known from the SST BX-
102 waste loss event investigation (HW-20742, page 5) that some of the spare nozzles on SSTs 
are poorly sealed.  It is possible that some TBP Plant waste was lost in August 1954 through the 
spare inlet nozzles to the soil nearby SST C-105.   
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Figure 4-20.  Cascade Overflow Pipeline for 241-B, C, T, and U Single-Shell Tanks 

 

 
 
 
SST C-105 remained filled at 546,000-gallons from August 1954 through February 1956 (HW-
41812, page 4).  In March 1956, approximately 294,000-gallons of TBP Plant waste was 
transferred from SST C-105 to 244-CR Vault for ferrocyanide scavenging of 137Cs and 90Sr, 
leaving 252,000-gallons of waste in SST C-105 (HW-42394, page 4).  An additional 
173,000-gallons of the TBP Plant waste was transferred in April 1956 from SST C-105 to 244-
CR Vault for ferrocyanide scavenging of 137Cs and 90Sr, leaving a total of 79,000-gallons 
(including 15,000-gallons of sludge) of waste in SST C-105 (HW-42993, page 4). No waste was 
added or removed from SST C-105 from May 1956 through July 1956. 
 
In August of 1956, the tank was utilized as a receiver for PUREX coating removal waste (CW).  
Approximately 451,000-gallons of PUREX CW was pumped from SST C-104 into SST C-105, 
filling the tank to 530,000-gallons (HW-45140, page 4).  No waste was added or removed from 
SST C-105 through March 1957, but the total waste volume was adjusted to 535,000-gallons 
based on a new electrode measurement in February 1957 (HW-48846, page 4).  Beginning in 
April 1957, SST C-105 was used to receive PUREX CW that was then transferred to other SSTs 
within 241-C Farm and to 241-BY Farm.  SST C-105 was filled and emptied several time from 
April 1957 through April 1960 with PUREX CW (HW-65272, page 4).  The monthly waste 
status summary reports for April 1957 through April 1960 do not indicate the total waste volume 
in SST C-105 exceeded the height of the spare inlet nozzles. 
 
As of April 30, 1960, the waste total volume reported in SST C-105 was 527,000-gallons (HW-
65272, page 4).  From May 1960 (HW-65643, page 4) through December 1960 (HW-68292, 
page 4) , the total waste volume in SST C-105 was reported as 529,000-gallons, based on a new 
waste level electrode reading taken in May 1960.  The SST C-105 waste volume was next 
reported in June 1961 (HW-71610, page 4).  The total waste volume in SST C-105 was reported 
as 521,000-gallons on June 30, 1961; an unexplained 8,000-gallons decrease during the 6-
months from the previously reported waste volume of 529,000-gallons in December 1960.  The 
SST C-105 waste volume was reported as 521,000-gallons in December 1961 (HW-72625, page 
4), 519,000-gallons in June 1962 (HW-74647, page 4), and 519,000-gallons in December 1962 
(HW-76223, page 4).     
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Figure 4-21.  SST C-105 Waste Level History Summary
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Figure 4-22.  SST C-105 Historical Temperature Measurements 
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Figure 4-22.  SST C-105 Historical Temperature Measurements (continued) 
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Figure 4-22.  SST C-105 Historical Temperature Measurements (continued) 
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In May 1963, 394,000-gallons of waste was transferred from SST C-105 to SST C-102, leaving 
125,000-gallons (HW-78279, page 4), in order to use SST C-105 as an emergency spare for 
waste from 241-A Farm (HW-77795, page B-1).  In the last quarter of 1963, 407,000 gallons of 
neutralized PUREX supernatant (P1) waste were transferred from SST A-102 to SST C-105 to 
support sluicing operation testing that was conducted in SSTs A-102 and A-103 (HW-80379, 
page 4 and HW-78076, page B-1).  The process records examined did not indicate the 
underground transfer lines that were used to transfer the P1 waste from SST A-102 into SST 
C-105.  Since none of the records indicate SST A-102 waste was transferred into SST C-104, it 
is assumed that the cascade line was not used for this transfer.  SST C-105 contained a total of 
532,000 gallons following this transfer. 
 
A 36-inch (101,000 gallons) liquid level decrease occurred in SST C-105 between May 1963, 
when it was filled with P1 waste, and the fourth quarter of 1967 (ARH-95, page 5).  Records 
state the loss was due to “steaming” or “evaporation”, without further elaboration. Supporting 
temperature data for 1963 could not be located to verify evaporation (i.e. steaming) of waste 
from SST C-105 (ARH-CD-948).  
 
The P1 waste transferred into SST C-105 during May 1963 originated from SST A-102.  The 
temperature of the P1 waste stored in SST A-102 was measured to be range between 94oC to 
170oC from January 1963 through May 11, 1963 prior to the transfer to SST C-105.  The higher 
temperature readings in SST A-102 were experienced when the waste liquid level decreased 
from ~350-in. to ~300-in..  On May 15, 1963, the liquid level in SST A-102 was increased to 
345-in. and the waste temperature was reported to be 105oC (IDMS # D197260431).  SST A-102 
was equipped with air-lift circulators which aided in cooling the waste temperature.  Clearly the 
waste stored in SST A-102 was capable of generating sufficient heat to cause liquid evaporation.  
After transferring 407,000 gallons of P1 waste from SST A-102 to SST C-105, evaporation of 
this waste would still be expected to occur in SST C-105.  The waste volume in SST C-105 had 
reduced to 431,000 gallons by September 30, 1967 (ARH-95, page 5).   
 
Beginning on December 27, 1967, the P1 supernatant was transferred from SST C-105 to the 
221-B Plant to separate 137Cs by ion exchange (IX) processing (ARH-N-85, page 140).  The 
concentration of 137Cs in SST C-105 supernatant was reported as 8.7 Ci/gal in December 1967 
(ARH-N-82, page 140).  The 137Cs concentration in SST C-105 supernatant would have been 
~9.7 Ci/gal (total of 5,160,000 curies) in May 1963, accounting for radionuclide decay and the 
volume of waste (532,000 gallons) as of May 1963.  Approximately 83,000 Btu/hr of radiolytic 
decay heat would be generated from the 137Cs stored in SST C-105.  SST C-105 was equipped 
with an atmospheric condenser at the time the P1 waste was stored which would have allowed 
discharge of some condensate to the atmosphere.  Collectively, this information supports the P1 
waste stored in SST C-105 was capable of evaporating liquid.            
 
In 1966, a transfer line (V-103) from diversion box 241-C-151 was cut and rerouted to SST 
C-105 in order to make direct transfers to SST C-105 (drawing H-2-61962, revision 1b).  As 
depicted in Figure 4-23, line V-103 wraps around the southeast side of SST C-104 and then 
transverses across the cascade line before connecting to the southernmost spare inlet line.  Note 
the grids in Figure 4-23 are five foot apart.  There is a gap of roughly seven feet between the 
cascade line and line V-103 where the two lines cross each other (drawing H-2-61981).  It is 
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customary to periodically pressure test transfer lines in order to confirm their integrity.  
However, line V-103 connects to SST C-105 through the spare inlet line, which is permanently 
open and precluded any ability to check this line for leaks. 
 
From 1968 through 1978, SST C-105 received additional P1 waste, PUREX Sludge Supernatant 
(designated as PSS), REDOX neutralized supernate (RSN) and B Plant cesium ion exchange 
wastes for rework from 241-A, 241-AX, and 241-TX Farm, SSTs C-103 and C-106, and double-
shell tank 241-AY-102.  Some solids contained in the SSTs 241-A and 241-AX wastes are 
believed to have been transferred to SST C-105 along with the P1 and PSS wastes.  The P1 and 
PSS wastes were pumped periodically to the 221-B Plant for cesium IX recovery processing.  
The total waste volume in SST C-105 was varied from a 198,000-gallons (including 
136,000-gallons of sludge) to 542,000-gallons (including 109,000-gallons of sludge).  New 
wastes were no longer transferred to B Plant for cesium ion exchange processing after 1978.  
After 1978, supernates were removed from SST C-105 and the tank was maintained at a 
minimum supernate heel. 
 
Until the early 1990’s, the sludge in this tank generated significant radiolytic decay heat to cause 
evaporation of water to occur.  Water was periodically added to the tank to cool the sludge.  
Water addition was stopped in the mid 1990’s after determining that the radiolytic decay heat 
generation had declined sufficiently.  The tank waste surface was inspected in 1995 and the tank 
determined to comply with interim stabilization criteria in October 1995 (HNF-SD-RE-TI-178, 
page 115).  SST C-105 contains approximately 132,000 gallons of sludge as of August 2006 
(HNF-EP-0182, rev. 221 page 16).   
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Figure 4-23.  Drywells and Transfer Piping Around Tank 241-C-105 
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4.4.3 Basis for Leak Declaration 
SST C-105 is currently classified as “sound” (HNF-EP-0182).  Previous occurrence reports and 
the basis for the current assessment are presented in Data Review and Observations section. 
 
4.4.4 Data Review and Observations 
The radioactivity detected in drywells around SST C-105 (see Figures 4-24 through 4-27) 
suggests there may be several waste loss events.  The pipeline, C-104 to C-105 cascade line, and 
spare inlet nozzle waste loss events are thought to be responsible for the radioactivity detected at 
one or more depth intervals in drywells 30-04-02, 30-04-03, C4297, 30-04-04, 30-04-05, 30-04-
08, 30-05-06, and 30-05-09.  The peak radioactivity detected in drywell 30-05-07 is 
approximately at the same elevation as the base of tank SST C-105.  Therefore, waste loss from 
SST C-105 may have occurred.   
 
There are several potential pipeline, spare inlet nozzle, or cascade line waste loss events that 
occurred in the vicinity of SSTs C-104 and C-105, which are summarized in Table 4-14.  Two 
potential waste loss events of significance are: (1) waste loss from SST C-105 spare inlet nozzles 
reported in October 1967 (drywell 30-05-08) and (2) waste loss from pipeline V103 reported in 
1988 (drywells 30-04-02, 30-04-03 and C4297).  Additionally, there is significant radionuclide 
activity detected in drywell 30-05-07, which is located nearby SST C-105.  These events are 
discussed further below.   
 
a) Waste Loss from SST C-105 Spare Inlet Nozzles: During October 1967, excavation was 

occurring around SSTs C-104 and C-105 to install pipeline V103 and connect this pipeline to 
a spare inlet nozzle on SST C-105, as shown on drawing H-2-61981.  During this excavation, 
personnel encountered contaminated soil directly beneath the spare inlet nozzles for SST 
C-105.  This contamination appears to have occurred before October 1967, since the isotopic 
ratio for 137Cs to 134Cs in the contaminated soil was reported to be different than the waste in 
SST C-105.   

 
The spare inlet nozzles are located between the 8 and 9-o’clock positions on SST C-105.  
Radioactivity has been detected in drywell 30-05-08, located nearby the spare inlet nozzles 
(see Figure 4-25), since this drywell was installed in early 1974.  The radioactivity has 
steadily decayed, as indicated by the gross gamma scans reported in WHC-SD-WM-TI-356.  
As shown in Figure 4-25, 137Cs is detected from the ground surface to the bottom of the 
borehole.  137Cs, 60Co, and 154Eu were detected at approximately 16-ft (depth location of 
pipeline V103) and 137Cs and 60Co between 35-ft and the bottom of the borehole during the 
spectral gamma energy scans conducted in 1997 for drywell 30-05-08 (GJPO-HAN-18). The 
spare inlet nozzles are approximately 21-ft bgs and may be responsible for the contamination 
below this depth.  Waste loss from the spare inlet nozzles on SST C-105 may have been 
spread downward in the soil, as seen in the 1997 spectral gamma scan for drywell 30-05-08 
below approximately 21-ft.  Therefore, a waste loss event occurring before October 1967 
from the spare inlet nozzles on SST C-105 is a likely source of radioactivity detected in 
drywell 30-05-08.  The contamination between 14-ft and18-ft is likely associated with 
pipeline V103.  This contamination may reside inside the pipeline, since the gamma logging 
of the borehole does not differentiate between contamination in the soil and buried objects. 
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Table 4-14.   Potentially New Unplanned Releases of Waste in Vicinity of Tanks C-104, C-105 and C-106 
Date Location Event as Described in Reference Reference Comments 

     
1-1959 Pipeline leak – 

overground line 
 
241-C Tank Farm 

“A leak in the overground coating waste transfer line at 
241-CR tank farm resulted in contamination of the 
ground to 1.5 r/hr at 15 feet.  The line was replaced at a 
maximum exposure of 4 r/hr.” 

HW-59079, page C-3 HW-60807, page 18 reports a leak of about 
50 gallons occurred during the transfer of 
PUREX coating removal waste from SST 
C-105 to SST 241-C-108.  The leak 
occurred in the vicinity of the pump pit 
which is located on the north side (12 
o’clock position) of the tank. SSTs C-105 
was actively receiving PUREX coating 
waste and transferring PUREX coating 
waste to SST BY-110 from September 1957 
through January 1959.  No other SST in C-
104 was actively receiving or transferring 
PUREX coating waste during this period. 

3-1965 Pipeline leak 
 
Diversion box 241-
CR-152  
 
Tank 241-C-102 

“A liquid level rise in Tank 103-C, the cesium feed tank, 
was apparently caused by a failed line in the encasement 
between the 152-CR diversion box and Tank 102-C 
which permitted coating waste from the Purex Plant to 
leak into the encasement and drain to Tanks 101-C, 102-
C, and 103-C via the tank pump pits.  Coating waste has 
been routed through a spare line to Tank 102-C and no 
further leaks have been detected.  The coating waste 
solution accumulated in Tank 103-C did not significantly 
affect cesium loading capability as a cask was loaded 
normally following the incident.” 

RL-SEP-405, page B-2 The failed pipeline is enclosed in a concrete 
encasement which traverses along the east 
side of tanks 241-C-104, C-105, and 241-C-
106. 
 
The failed line may have been replaced by 
line V8107 per drawing H-2-33087, LN 
8107 (241-CR-152 TO 102C) V843 & V844 
(241-CR-151 TO 102C) V050 & V051 (241-
A-152 TO 104C). 
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Table 4-14.   Potentially New Unplanned Releases of Waste in Vicinity of Tanks C-104, C-105 and C-106 
Date Location Event as Described in Reference Reference Comments 

10-1967 Tank C-105 
 
Spare inlet nozzle 

“During excavation on the southwest side of 105-C, J. 
A. Jones personnel unearthed some contaminated soil.  
The spot is located directly beneath two blanked 
stubs.  The extent of spreading or volume of the source 
contamination is unknown at this time.  Analysis of a 
sample shows cesium to be the only gamma producing 
isotope present.  3.71 μCi/ml Cs-137 and 0.0039 μCi/ml 
Cs-134 were the results of analysis.  This cesium ratio 
will allow determination of source and time of deposition 
of the activity.  A sample of 105-C supernate is now 
being analyzed at Redox Laboratory.” 

ISO-651 RD, page 288 The absence of other gamma emitting 
radionuclides indicates this leak is old and 
did not occur in 1967.  The curie ratio of 
134Cs to 137Cs is 0.00105. 

11-1967 Tank C-105 
 
Spare inlet nozzle 

“Analysis of Soil Samples Near Tank 105-C 
 
Subject analyses showed that the solution that had leaked 
into the soil was not the same as that currently contained 
in the tank.  This conclusion was made on the basis of the 
different Cs-137/Cs-134 ratios.  See letter, HL Brandt – 
PW Smith to LW Roddy, November 9, 1967.” 

ISO-651 RD, page 298 Same event as above. 
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Table 4-14.   Potentially New Unplanned Releases of Waste in Vicinity of Tanks C-104, C-105 and C-106 
Date Location Event as Described in Reference Reference Comments 

Unknown 
(Pre-1988) 

Pipeline V-103 “Earlier investigations of the extremely high levels of 
contamination found between Tanks 104-C and 105-C 
are described in reference (10).  The following 
observations were documented at the time and were the 
bases for the conclusion that both tanks were sound: 
 
The fill line V-103 was stated to have been abandoned 
at an earlier date due to pipeline leakage, and the 
activity noted in DW 30-03-02 could have been due to 
migration of pre-existing contamination that was first 
seen in the exploratory scans.  This line was part of the 
old PUREX supernate (PSN) transfer route from Tank 
241-AX-101.  The material was thermally hot, and water 
injection was required to maintain a temperature below 
60oC.  The cause of failure was believed to have been 
due to thermal shock induced by the intermittent 
transfers. 
 
In-tank photographs failed to show any evidence that 
either tank was unsound.  However, the Tank C-105 
photos indicated that the tank had been filled to a level 
above that of the cascade and sidefill pipelines.  The 
possibility of leakage through the wall penetration seals 
was discussed. 
 
The liquid levels in Tank C-105 and -104 remained at a 
high level for almost six months after the first exploratory 
well scans, and the observed activities, including that in 
DW 30-03-02, had remained stable throughout, whereas 
seepage from either tank would normally have been seen 
as steadily increasing radiation at the 35 to 41 feet farm 
excavation depth.  The activity at this depth however has 
diminished in all wells since 1974.” 

Environmental Protection 
Deviation Report 87-10, 
Internal memo 13331-88-088 
dated February 22, 1988, 
page 4 

The reference to drywell (DW) 30-03-02 in 
the reference document seems to be a 
typographical error.  The drywell should be 
30-05-02 



RPP-ENV-33418 Rev. 1 

Waste loss from the spare inlet nozzles on SST C-105 could have occurred: (1) between July 
1954 through February 1956 when this tank was filled to the height of the spare inlet nozzles 
with TBP Plant waste, (2) between August 1956 through April 1960, when this tank was 
used for PUREX CW storage and transfers, or (3) between May 1963 through September 
1967 when P1 waste evaporation was occurring within this tank. 

 
b) Waste Loss from Cascade Overflow Pipeline - Drywells 30-04-02, 30-04-03 and C4297: 

Radioactivity was found in drywell 30-04-02 in 1974, two years after this well had been 
drilled.  This drywell (see Figures 4-3 and 4-23) is located between SSTs C-104 and C-105, 
near the cascade line and transfer pipeline V103.  The contamination occurred just after two 
waste transfers from SST AX-103 through pipeline V103 into SST C-105 in March 1974.  
However, no increase in the radioactivity in drywell 30-04-02 was detected following a third 
transfer from SST AX-103 to SST C-105 in late March 1974.  The total volume of waste in 
SST C-105 was approximately 443,500 gallons following this transfer.  Waste in SST 
AX-103 was reported as hot, requiring dilution with water to maintain its temperature below 
60oC (IDMS # 292-001798, LET-101574).  It was suggested in October 1974 that as little as 
400-gallons of condensate could have leaked at an elevation above the 158-inch level in SST 
C-105, resulting in the increased radioactivity detected in drywell 30-04-02. 

 
A material balance for the three, March 1974 waste transfers to SST C-105 indicated less 
than 250-gallons difference in the volume of waste transferred and the volume received, 
which is within the tolerances for the liquid level measurement devices (IDMS # 292-
001798, LET-101574).  Therefore, a leak from pipeline V103 during the March 1974 waste 
transfers is unlikely to have occurred, but can’t be discounted.   

 
An occurrence report was written in 1974 (IDMS # D195005272; OR-74-120), indicating 
increased radioactivity in drywell 30-04-02 around C-104 and C-105.  Radioactivity in 
drywell 30-04-02 increased in January 1974 from 400 c/s to 600 c/s at 40-ft bgs in March 
1974.  The activity in drywell 30-04-02 continued to increase reaching a maximum of 960 c/s 
at 41-ft bgs in June 1974 and then slowly decreasing in radioactivity to the present (RPP-
8321, page 147).  Occurrence report OR-74-120 also notes “the tank 105-C photos do 
indicate the tank liquid level was above the tank 104-C to tank 105-C cascade line for some 
period in the past (pre-June 1973) and highly contaminated dirt has been removed from the 
immediate area near both ends of this line during recent [1974] well drilling operation”.   

 
Occurrence report 74-120 was initiated because drywell 30-04-02 showed an increase in 
radiation at 40-ft depth.  Additional boreholes were drilled to better define the source of 
contamination.  It was concluded that both SST C-104 and C-105 were sound and the 
radioactivity detected in these drywells was due to an old leak associated with the cascade 
overflow pipeline between SSTs C-104 and C-105 and leakage from spare inlet nozzles in 
SST C-105.  This is supported by the elevation of the peak radioactivity detected in drywells 
30-04-03, which was ~ 21-ft bgs; the approximate location of the cascade overflow pipeline 
between SSTs C-104 and C-105.  Also in 1975, Boeing used an electrical potential 
measurement technique to analyze the vadose zone between SSTs C-104 and C-105 for 
evidence of waste leakage (ARH-LD-120, page 31).  Boeing used electric potential through 
the ground to detect moisture, salt, or other variances.  Results from the 8 o-clock position on 
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SST C-105 indicated that the “area between 104-C and 105-C was flooded in the past from 
the overflow of the cascade line, and thus its salt content is quite high.”  This Boeing report 
supports the postulated cascade overflow pipeline leak and leakage from spare inlet nozzles 
in SST C-105. 

 
In 2004, drywell C4297 was installed adjacent to the cascade overflow pipeline between 
SSTs C-104 and C-10 and a few feet from pipeline V103.  Sediments were obtained during 
installation of drywell C4297 and water extracted for analyses (RPP-23752), as shown in 
Figure 4-28 and 4-29.  Spectral gamma analysis of drywell C4297 was conducted in 2004 
and is shown in Figure 4-26 (PNNL-15503).  The soil analyses from drywell C4297 and the 
spectral gamma scan also support a leak from the vicinity of the cascade overflow pipeline 
between SSTs C-104 and C-105, due to the elevated 60Co concentrations and other 
contaminants between 40 and 60-ft and continued downward movement of contaminants 
such as 99Tc, sodium, 60Co, nitrate, and sulfate.  The spectral gamma scan at approximately 
15-ft where 60Co, 137Cs, and 154Eu were detected suggest contaminants inside the cascade 
line.  Soil samples acquired near this depth did not exhibit these contaminants, further 
suggesting the cascade line did not leak at this location.  However, the soil between tanks C-
104 and C-105 was excavated to a depth of at least 16-ft in 1967 when the V103 pipeline was 
installed. 

 
c) Waste Loss from Pipeline V103: Drywell 30-04-02 was the only drywell located between 

SSTs 241-C-104 and C-105 prior to July 1974.  Five additional drywells (30-04-01, 30-04-
03, 30-05-06, 30-05-07 and 30-05-08) were installed in 1974 to better define the source of 
the contamination that was detected in drywell 30-04-02.  These drywells are also depicted in 
Figure 4-23, with 1997 spectral gamma analyses shown in Figures 4-24 and 4-25.  In 1974, 
the peak gross gamma radioactivity detected in drywells 30-04-01, 30-05-09, 30-05-10 were 
less than 100 cps, ~31,000, and 18,000 cps at 21-ft  and 35-ft bgs, respectively in drywell 30-
04-03, ~293-cps at 15-ft bgs in drywell 30-04-04, ~255, 120, and 110 cps at 15, 30, and 43-ft 
bgs, respectively in drywell 30-04-08, ~160 cps at 40-ft bgs (and ~100 cps at ~10-ft bgs) in 
drywell 30-05-06, 50,000 cps in drywell 30-05-07 at 37 to 58-ft bgs, and ~4,100 and 3,000 
cps in drywell 30-05-08 at ~15 and 40-ft bgs, respectively (IDMS # D195005272, OR-74-
120).  The multiple depth intervals where gamma peaks are identified appear to coincide with 
pipelines (~15-ft), cascade lines and spare inlet lines (~21-ft), and potentially tank leaks 
(38-ft and below). 

 
In 1974, the elevation that the peak radioactivity detected in drywells 30-04-04, 30-04-05, 
30-05-08, 30-05-06, and more recently drilled C4297, which are nearby pipeline V103, was 
~15-ft bgs.  Pipeline V103 is ~13.6-ft bgs and the radioactivity detected in these five 
drywells may be due to the radioactivity internal, external, or both to the pipeline.    

 
Additional waste transfers from tanks 241-AX-103, 241-AX-104 and 241-AY-101 to SST 
C-105 were conducted during 1974 through 1977, but is not clear whether pipeline V103 was 
used or an alternative pipeline was used.   
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1974: 103-AX waste – October 
 
1975: All transfers were 103-AX waste -  

April 5-9, May 4-5, May 30, June 14-15, June 27, July 6, July 23-25,  
August 10-11, August 30 – September 1, October 9, October 17-18,  
November 4-5, December 5, December 30-31 (all transfers were 103-AX waste) 

 
1976: 103-AX waste - February 14,  

104-AX waste - March 25-26, September 8-10 
 
1977: 101-AY waste – November 4-8 
 
1978: 101-AY waste – February 4-5, February 18, April 2-6, May 6-7  

 
The total volume of waste in SST C-105 twice exceeded 443,500 gallons (volume as of 
March 31, 1974) during the period April 1974 thru May 1978.  After the December 30-31, 
1975 transfer of PSS waste, the total volume of waste in this SST was ~477,100 gallons.  
Condensate from a portable exhauster connected to SST C-105 was returned to this tank, thus 
causing the total waste volume to increase to ~491,100 gallons by February 3, 1976.  The 
total waste volume in SST C-105 was subsequently decreased by transferring PSS waste to 
221-B Plant for processing.  On March 26, 1976 following the PSS waste transfer from SST 
241-AX-104, the total volume of waste in SST C-105 was ~454,800 gallons. The total waste 
volume in SST C-105 was subsequently decreased to ~ 217,600 gallons by transferring PSS 
waste to 221-B Plant for processing from March 28, 1976 through April 16, 1976.   

 
Radioactivity measurements in drywells 30-04-04, 30-04-05, 30-05-08, and 30-05-06 
adjacent to pipeline V103 did not indicate an increase following any of these subsequent 
waste transfers conducted in 1975 – 1978.  However, pipeline V103 was reported to have 
been abandoned due to pipeline leakage (Environmental Protection Deviation Report 87-10, 
page 4), but the date of the waste leak is not reported.  The Environmental Protection 
Deviation Report 87-10 explanation for the leak in pipeline V103 is thermal shock due to the 
intermittent transfers.  Waste transferred into SST C-105 was often hot enough that it needed 
do be diluted with water to limit its temperature to less than 60°C (140°F).  Introducing this 
hot waste to pipes that had cooled to ground temperature (~60°F) could stress the pipe 
materials. 

 
d) Potential Waste Loss from SST C-105: The largest measurements of 137Cs contamination 

(>107pCi/g) have been found in drywell 30-05-07 between 36 and 40 feet bgs, as shown in 
Figure 4-25.  Radioactivity was first detected in this drywell when it was installed in July 
1974 (IDMS # D195005272; OR-74-120), measured at 50,000 cps at ~37-ft bgs.  The peak 
gross gamma activity in drywell well 30-05-07 has steadily decreased after first being 
detected (RPP-8321, pg. 211).  Peak radioactivity was detected in drywell 30-05-07 at the 
same elevation as the bottom of SST C-105.  

  
e) Waste loss from C-104 Atmospheric Condenser: The single-shell tanks that contained high 

heat generating wastes were equipped with an atmospheric condenser.  The atmospheric 
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condenser sat on a concrete pit atop the tank.  A gasket sealed the atmospheric condenser to 
the concrete pit.  Tank vapors were drawn by natural convection into the condenser tubes.  
Cooler outside air contacted the condenser tubes causing condensation of the tank vapors.  
The condensate flowed down through the condenser tubes into the tank, while the vapors 
vented to the atmosphere through the open tubes. 

 
Tank C-104 was equipped with an atmospheric condenser, which was at the 3-o’clock 
position on the tank, as shown Figure 4-23.  The gasket sealing the atmospheric condenser to 
the pit atop tank C-104 was reported in July 1979 as being deteriorated and “… had 
condensate smearing 1 R/hr during an inspection in January” 1979.  “The condenser problem 
is compounded by the deterioration of the concrete bases” (IDMS #D197225783).  The 
leakage of radioactive condensate from the C-104 atmospheric condenser may have 
contributed to the radioactivity detected in the region between tanks C-104 and C-105. 

 
4.4.5 Tank C-105 Assessment  
The summary information shown in Table 4-15 for tank C-105 was discussed with evaluation 
team members.  As shown in section 4.4.4, it is probable that the contamination around SST 
C-105 stems from different events.  Pipeline V103, the cascade overflow pipeline from SST 
C-104, spare inlet nozzles on SST C-105, and a leak near the base of tank C-105 are all probable 
sources of waste loss events. 
 
Based on new data and information presented in Section 4.4.4, this assessment concluded that a 
tank leak was a probable source of drywell 30-05-07 contamination.  A formal tank leak 
assessment has not been conducted and therefore a definitive statement concerning the integrity 
of this tank can not be made at this time.  
 
Evaporation 
Previous documentation attributes a 100,000 gallon liquid level decrease in tank C-105 from 
1963 to 1967 to evaporation.  The actual tank temperature from 1963 to 1967 is unknown.  The 
temperature of supernatant received from tank A-102 was 220oF.   
 
At a saturated  air flow of 5-cfm (assumed as the natural air flow within the tank, prior to 
installation of an exhauster) and temperature of 220oF, steam tables show ~ 40 gal/min would be 
exhausted or 18 million gallons/year.  This would more than account for the liquid level 
decrease.  However, the actual temperature of the waste at the time of the leak is somewhere 
between the waste temperature prior to receipt of A-102 waste and the temperature of the A-102 
waste.  A weighted average temperature of 192oF can be calculated based on the relative 
amounts of A-102 supernatant added (407,000 gal) compared to the supernatant waste volume 
before receiving A-102 (125,000 gallon) and assuming the temperature of C-105 waste was only 
100oF before receiving supernate from tank A-102.  Assuming saturated steam at 5-cfm this 
equates to ~ 8,000 gallons/year.  Although more reasonable, this evaporation estimate does not 
take into account potential heat losses.   
 
Lacking a known tank waste temperature at the time of the leak, evaporation estimates are highly 
uncertain such that liquid level decreases observed may be entirely or only partially due to 
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evaporation.  Consequently, leak volume and inventory estimates will be based only on vadose 
zone gamma logging measurements.     
 
Tank Leak Estimate based on Dry Well Gamma Logging 
As noted previously, only the contamination observed in drywell 30-05-07 is attributed to a  
potential leak from tank C-105.  The 137Cs activity levels were much lower and nearer to the 
waste surface or tank spare inlet ports for all other dry wells.  Even in dry well C4297, only 9 ft 
away from drywell 30-05-07, significantly lower gamma activity was measured well above the 
tank bottom.  Therefore only drywell 30-05-07 measurements were included in a a calculation to 
estimate a potential tank leak. 
 
The concentration for 137Cs in PSN-IX supernatant in tank C-105 in 1969 was 4.34 Ci/gal  
(ARH-1945, B Plant Ion Exchange Feed Line Leak).  The same concentration is assumed at the 
time of the potential leak.  Leak volumes based on a 4.34 Ci/gal 137Cs concentration, soil density 
of 2.0 g/cm3 and gamma logging measurements (see Figure 4-25) were calculated as follows: 
  
1. For a minimum leak volume, a 30 ft long cylinder (10 ft with 137Cs logged at about 107 pCi/g 
and 20 ft at about 105 pCi/g), with a point source leak and a 3 ft radius (distance from the tank to 
drywell 30-05-07) is assumed.  The assumption that the potential leak may not have extended 
much beyond 30-05-07 is based on the observation that the potential leak concentration may be 
below 137Cs sorption capacity and is based on the theory that 137Cs sorption capacity is reached 
before a plume continues to migrate (See Appendix B).  The resulting calculation, shown below, 
is a 165 Ci plume.  For a 4.3 Ci/gal waste concentration this would be less than a 40 gal leak. 
   

Volume of 3 ft radius and 10 ft long cylinder = 8.1 m3 @ 107 pCi/g 
Volume of 3 ft radius and 20 ft long cylinder = 16.2 m3 @ 105 pCi/g 
 
8.1 m3 * 2 g/cm3 * 107 pCi/g = 162 Ci     
16.2 m3 *2 g/cm3 * 105 pCi/g = 3 Ci 
 
165 Ci / 4.3 Ci/gal = 38 gal 

 
2.  A maximum potential leak volume was calculated assuming a potential leak could extend 
along as much as a quarter of the tank perimeter without being detected.  For simplicity of 
geometry, the leak was assumed to spread horizontally 24 ft, 12 ft outside the tank perimeter and 
12 ft under the tank from 35 to 65 ft bgs (12 ft is the distance between the tank and the closest 
dry well to 30-05-07 (vadose zone borehole C4297) showing no indication of contamination 
comparable to that found in 30-05-07).    This forms a plume 30 feet below the base of the tank 
with an inner and an outer ring (like a rind) with radiuses of 25.5 feet and 49.5 ft respectively.  
The upper 10 feet of the plume has a concentration of 107 pCi/g 137Cs and the concentration of 
the lower 20 ft is 105 pCi/g 137Cs.  
 

For a tank diameter of 75 ft, ¼ circumference = 2πr/4 = 2π(37.5)/4 = 59 ft 
Upper Plume Volume = 10*24*59 = 14,140 ft3 = 400  m3 @ 107 pCi/g 
400 m3 * 2 g/cm3 * 107 pCi/g = 8,000 Ci     
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Lower Plume Volume = 20*24*59 = 28,280 ft3= 800 m3 @ 105 pCi/g 
800 m3 * 2 g/cm3 * 105 pCi/g =160 Ci 
 
(8,000 + 160)Ci / 4.3 Ci/gal = 1,900 gal or ~ 2,000 gal 

 
 
4.4.6 Conclusions 
There are potentially multiple waste loss events nearby SST C-105, with the potential sources of 
the waste losses the tank, nearby transfer pipelines, the cascade line from SST C-104, leakage 
from the C-104 atmospheric condenser, and/or the spare inlet lines to SST C-105. The 
radioactivity in drywell 30-05-07 indicates a potential tank leak.  However, no increase in 
gamma activity has occurred in drywells since 1974, during which 2.8 million gallons of 
supernatant was cycled through SST C-105.  A formal tank leak assessment has not been 
conducted and therefore a definitive statement concerning the integrity of this tank can not be 
made at this time.   
 
Based on drywell calculations scenarios presented, and the absence of contamination in drywell 
C4297 (within 9 ft of 30-05-07), contamination below the tank base was estimated to range from 
40 gallons to 2,000 gallons.  The waste type for the leak is assumed to be PUREX (PSN-IX or 
P1) supernatant with a measured 137Cs concentration of 4.34 Ci/gal (ARH-1945) for these 
calculations.  
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Table 4-15.  Tank C-105 Leak Assessment Summary 

Item When Estimated Leak 
Volume (gallons) 

Range of Leak 
Volume (gallons) 

Possible Sources Comments 

Current HNF-EP-0182 
rev. 219 (June 2006) 

NA 0 NA Contamination in 
borehole 30-05-07 
attributed to a pipe 
leak 

The contamination around SST C-105 likely stems from 
different events.  Pipeline V103, the cascade overflow 
pipeline from SST 241-C-104, spare inlet nozzles on SST C-
105, and a leak near the base of tank C-105 are all probable 
sources of waste loss events. 
 

Liquid Level Decrease 1963 to 1967 100,000 gallons 
36 in. 

NA Tank liquid level 
measurements  

The actual tank temperature from 1963 to 1967 is unknown.  
The temperature of supernatant received from tank A-102 
prior to the leak was 220 F.     
 
Lacking a tank waste temperature evaporation estimates are 
highly uncertain.  All or only a portion of the liquid level 
decrease could be attributed to evaporation. 
 

Potential Leak volume 
based on Drywell 30-05-
07 log 

Well logged  
in 1974 

Minimum 40 gal 
Maximum 1,000 
gal 

40 to 2,000 gal. Tank, point or  
line source leak  

Use 4.34 Ci/gal for 137Cs concentration from supernatant 
analysis.   Contamination measured at 107 pCi/g from 35 to 
45 ft bgs (10 ft) and 105 pCi/g from 45 to 65 ft bgs (20 ft). 
Min volume: Assumes point source, cylindrical plume, 3 ft 
radius, 30 ft deep. 
Max. volume: a plume 30 feet below the base of the tank 
with an inner and an outer ring (like a rind) with radiuses of 
25.5 feet and 49.5 ft respectively. The upper 10 feet of the 
plume has a concentration of 107 pCi/g 137Cs and the 
concentration of the lower 20 ft is 105 pCi/g 137Cs. 

SGE data  October 2006 No estimate  No estimate No source identified Areas of low resistivity were found on the south side of SST 
C-105. 

SIM Estimate  1,000   Assumes a 1,000 gallon leak loss.   
SIM Mean Inventory 
 

137Cs 620 Ci   

Decayed to 1/1/2001 99Tc .23 Ci   
 90Sr 9.0  Ci   
 Cr 1.4 kg   

Assumes leak date of 1972 and uses predominantly a PUREX  
(PSN-IX or P1) waste type. 
SIM range for 137Cs is 26 to 3,100 Ci back decayed to 1972 
= 50 to 6,100 Ci or 0.05 to 6.1 Ci/gal.  This bounds a  
measured 137Cs conc. Of 4.3 Ci/gal. 
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Figure 4-24.  Drywells 30-04-01 thru 30-05-04 Spectral Gamma Logs  

 
Drywells 30-04-01 thru 30-04-04 Spectral Gamma Logs 

 

Page 94 of 222 



RPP-ENV-33418 Rev. 1 

Figure 4-25.  Drywells 30-05-07 thru 30-05-10 Spectral Gamma Logs 
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Figure 4-26.  Drywell C4297 Spectral Gamma Log 
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Figure 4-27.  Drywell 30-05-07 Historical Gross Gamma Peak Values 
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Figure 4-28.  C4297 Well Sediment Sample Chemical Analyses 
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Figure 4-29.  C4297 Well Sediment Sample Radionuclide Analyses 
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5.0 SUMM
 to be inconsistent and high uncertainty remains.  Until better 

pporting evidence is obtained, a 20,000 gallon leak volume (HNF-EP-0182) is assumed with a 
P1 waste type.  Assessment attendees accept the sensitivity assumptions and modeling in the 
Initial SST System Performance Assessment (2006) as a starting point for risk estimates for this 
tank. 
 
The tank C-110 leak appears to be the result of a tank overflow, the assumed volume of the leak 
is less than 2,000 gallons of CSR waste type.  Supernatant samples of this waste obtained in 
1975 provide waste composition measurements.  
 
Evaporation calculations, plotted liquid level data, and evaporation rates clearly indicate that the 
liquid level decrease for tank C-111 can be attributed to evaporation.  Therefore, no leak volume 
or inventory is assigned for tank C-111.  
 
Data indicates leaks from multiple sources near tank C-105 including a potential leak at the base 
of the tank near drywell 30-05-07.  The leak volume calculations based on dry well logging data 
range from 40 to 2,000 gallons.  The waste type of the leak is assumed to be PUREX (PSN-IX or 
P1) supernatant for these calculations.  A formal tank leak assessment has not been conducted 
and therefore a definitive statement concerning the integrity of this tank can not be made at this 
time.   
 

6.0 Waste Management Area C Unplanned Releases 
Information is provided on unplanned releases (UPRs) of tank wastes from pipelines, diversion 
boxes, and other structures within the Waste Management Area (WMA) C at the Hanford Site.  
The WMA C encompasses the 241-C Tank Farm, which includes the twelve 530,000 gallon 
capacity and four 55,000 gallon capacity single-shell tanks (SSTs); catch tank 241-C-301, 
diversion boxes 241-C-151, 241-C-152, 241-C-153, 241-C-252, 241-CR-151, 241-CR-152, 241-
CR-153; buildings 241-C-801 Cesium Load-Out Facility and 271-CR Control Room, and 244-
CR Vault. 
 
Section 6.1 discusses known UPRs and discusses available documentation.  Section 6.2 provides 
information on potential tank waste losses from the inlet nozzles on the SSTs.  Section 6.3 
discusses known waste loss events from pipelines, while section 6.4 discusses potential waste 
discharges from the 241-C-801 building to a drywell.  In Section 6.5, drywell monitoring data is 
reviewed to identify other potentially contaminated areas in WMA C. 
 

ARY OF TANKS ASSESSED 
Tank C-101 data appears
su
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Info ation on unplanned releases (UPRs) in therm  WMA C was collected from the following 

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

rmation Hanford Tank Waste Leaks, 
CH2MHILL Hanford Company, Richland WA 

0 Areas Waste Sites, Rockwell Hanford Operations, 
Richland WA 

Identified UPRs 
OE/RL-88-30, rev. 16, 2007, Hanford Site Waste Management Units Report, contains the 

ite.  The UPRs associated with 

ank 
teel 

rporates UPR-200-E-86,  
 

s 
 

e visible on the surface. 
The individual unplanned release associated with the 241-C Tank Farms are not 
separately marked or posted. Occasionally, radioactive contamination is found adjacent to 
the outside of the tank farm fence, resulting in a contamination zone extension around the 
tank farm perimeter. These areas are also part of this site. 
 
Incorporates UPR-200-E-16 (241-C Overground Transfer Line Leak), UPR-200-E-27 
(244-CR Contamination Spread), UPR-200-E-68 (Radioactive Contamination Spread), 
UPR-200-E-81 (241-CR-151 Line Break), UPR-200-E-82 (241-C-152 Line Break), UPR-
200-E-107 (Contamination Spread in 241-C Tank Farm), UPR-200-E-118 (Airborne 

sources: 
 

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

• 

• RPP-25113, 2005, Residual Waste Inventories in the Plugged and Abandoned Pipelines 
at the Hanford Site, CH2MHILL Hanford Company, Richland WA 

• RPP-RPT-29191, 2006, Supplemental Info

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

• RHO-CD-673, 1979, Handbook 20

 
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.   
 

6.1 
D
official listing of unplanned releases identified at the Hanford s
WMA C are: 
 

• 200-E-153-PL  
Description: Tank Farm Transfer Line V108/812 are 3 inch diameter, direct buried, T
Farm process waste pipes. Line V108 is a stainless steel pipe. Line 812 is a carbon s
pipe. The site is radiologically posted as an Underground Radioactive Material Area 
 
Inco

• 200-E-133 
Description: The site is the soil inside and adjacent to the chain link fence that surround
the 241-C Tank Farm. Various radiological postings and warning signs are attached to the
chain link fence. The interior of the tank farm complex is covered with gravel. Many 
risers and monitoring devises for the underground structures ar
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41-C-203 Leak) are treated as potential tank waste loss events and are not included in 
this section. 

 

 surrounding area.  Site added in 1985; 

Available re extent of 
contam  6-1 summarizes information on each of 
U
 
 

Release from 241-C-107); UPR-200-E-136 (241-C-101 Tank Leak), and UPR-200-E-137 
(2

 
• UPR-200-E-72

Description: The contamination consisted of beta/gamma particulates with dose rates up 
to 7 rad per hour on the uncovered material and the
located northeast of 271-CR building. 
 

cord documentation was reviewed to identify additional information on the 
ination associated with each of the UPRs.  Table

PRs located in the various record documents. 
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Table 6-1. Additional Information on Identified UPRs 

UPR Date Waste  
Type 

Waste 
Discharged 
(Gallons) 

Event Description References 

UPR-200-E-16 1-1959 PUREX CWP1 ~50 “A leak in the overground coating waste transfer li R
resulted in contamination of the ground to 1.5 r/hr Th
replaced at a maximum exposure of 4 r/hr”.   
 
HW-60807, page 18 reports a leak of about 50 gal d 
transfer of PUREX coating removal waste from S 5
241-C-108.  The leak occurred in the vicinity of th w
located on the north side (12 o’clock position) of t s
actively receiving PUREX coating waste and trans E
waste to SST BY-110 from September 1957 throu 9
other SST in 241-C Farm was actively receiving o g 
coating waste during this period. 

P 1, 
ag

 tank farm 
e line was 

during the 
 to SST 
hich is 
 C-105 was 
X coating 
59.  No 
PUREX 

R P-RPT-2919
e 113 

ne at 241-C
at 15 feet.  

lons occurre
ST 241-C-10
e pump pit 
he tank. SST
ferring PUR
gh January 1
r transferrin

p

UPR-200-E-27 11-1960 Particulate no estimate “A heavy schedule of diversion box work was exp i
month.  This work included unplugging of the drai  0
unplugging of the 001-CR sump weight factor dip tub activ
the sump jet; installation of jumpers to route the conte e 011
tank to 101-C; installation of special jumpers in the 0 R va
permit new strontium-90 routings and installation of a per i
151-A diversion box to permit pumping strontium-90 s from
CR vault to 202-A.” 
 
“A small amount of fission product contamination wa durin
in a diversion box in the 241-CR tank farm.  Levels va m 50 t
100mrads/hr at the edge of the box.” 

HW-6 2 
and B-

7459, B-
3 

erienced dur
n line in the

e with re
nts of th

02-003 C
new jum

solution

s spread 
ried fro

ng the 
01 vault; 

ation of 
-CR 
ult to 
n the 
 the 

g work 
o 

UPR-200-E-27    “241-CR Vault 
On November 1, 1960 during work in the 241-CR vau  spre
contaminated particles from the vault generally east an  seve
hundred feet beyond the limited area fence.  Contamin els a
the vault were on the order of 50 to 100mrad/hr.  Parti ide t
road read as high as 40,000 c/m on a GM meter.  No p hicle
involved.” 

HW-8 ge 7 
lt, winds
d out to
ation lev
cles outs
rivate ve

ad 
ral 
round 
he fence 
s were 

4619, pa
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Table 6-1. Additional Information on Identified UPRs 
UPR Date Waste  n References 

Type 
Waste Event Descriptio

Discharged 
(Gallons) 

UPR-200-E-27  Radiological survey W304943 dated 1-10-1997 includes field surveys of IDMS #   
the contaminated areas encompassing UPR-200-E-27.  Also included in a 
work plan for “244-CR Vault Outside Areas Down Posting Plan”, which 
specified the application of a sealant and a minimum of 6-inches of gravel 
added to stabilize the area. 

D199138781 

UPR-200-E-68 1985 Particulate no estimate DOE/RL-88-30, 
rev. 16, page 670 

The contamination consisted of beta/gamma particulates, with readings 
ranging from 2,000 counts per minute to 5 rad per hour on the diversion 
box cover blocks and other surfaces in 200 East Area. 

UPR-200-E-72 1985 Particulate no estimate DOE/RL-88-30, 
rev. 16, page 671 

The contamination consisted of beta/gamma particulates with dose rates up 
to 7 rad per hour on the uncovered material and the surrounding area. 

UPR-200-E-81 10-1969 PUREX CWP2 ~36,000 

 and 

o 
occurred at the weld connection between carbon steel 

RPP-RPT-29191, 
page 127-128 

“On October 15, a leak developed in the PUREX to 102-C coating waste 
tank line (F-18 cell drainage transfer line) just outside the 151-CR 
diversion box.  Purex has been able to merge all their low-level waste 
flows into the remaining line available which has carried organic wash
special run coating waste.  Work is underway for a bypass line around the 
tank. 
 
(11/1969) “Final work has been completed on installation of the bypass 
lines around the leak in the Purex nonboiling waste line near 151-CR 
diversion box.  The two lines are now stainless steel all the way.  The 
original lines had a carbon steel segment from the 151-CR diversion box t
TK-102-C.  The leak 
and stainless steel on one of the lines.” 

UPR-200-E-81 10-1969   
r-

RHO-CD-673 Provides radiation occurrence report for pipeline leak and estimated 
volume and radionuclides content of leak (720 Ci Cs-137 and 36- Ci S
90in 10/1969). 

UPR-200-E-82 12-1969 PU  P2 
supernate 

~2 00 et 
of page 128-129 

REX ,6 “Leak in cesium line from 105-C to B Plant was discovered about 35 fe
south of 152-C diversion box.  Contamination was covered with 2 feet 
dirt for control and shielding.” 
Identified as pipeline V122. 

RPP-RPT-29191, 

UPR-200-E-82    RHO-CD-673 Provides ARH-1945 report for pipeline leak and estimated volume and 
radionuclides content of leak (11,300 Ci Cs-137 in 12/1969). 
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Table 6-1. Additional Information on Identified UPRs 
UPR Date Waste  

Type 
Waste 

Discharged 
(Gallons) 

Event Description References 

UPR-200-E-82    Radiological survey E300311 dated 4-15-1997 includes field surveys of th
contaminated areas encompassing UPR-200-E-82, which is described as a 
“Cs Mound”.  The radiological survey states “Notified HPT management 
that the foam over the Cs mound is cracking in several places.”  

e IDMS # 
D197254753 

UPR-200-E-86 2-1971 PUREX PSS (3) 17,385 
 

om 

RPP-RPT-29191, “Waste Transfer Line Leak – Evidence of leakage from the 244-AR Vault 
to the 151-C diversion box portion of the PSS line to the 106-C tank was
discovered on February 25 by the Radiation Monitoring (RM) routine 
patrol inaugurated previously for the purpose of finding such leakage fr
direct buried lines.  The damaged portion of the line will be blanked off 
and by-passed.  The leak appeared to be at a carbon steel – stainless steel 
weld.”  
Identified as pipeline V108/812. 

page 134 

UPR-200-E-86    

71, page 106: “Line from 151-C to 151-CR diversion box was 

ding replacement of the leaking segment 
A. 

3-17-1971, page 128: “Down pending replacement of the leaking segment 
of the PSS line between 244AR and the 151-C diversion box.  J. A. Jones 

 
 
 
 
 
 
 
 
 
 

 

 

 
 
 

3-1-1971, page 91: “Pressure tested route between 106-C and 244-AR 
Vault.  Appears to be a leak above 151-C diversion box at 10 gal/per 
minute.” 
 

-2-193
hydrostatically tested.  No leak detected.  Design is underway to bypass 
leak in portion of PSS line between 244-AR Vault and 151-C diversion 
box.  Leak detected on 2-25-71 and confirmed on 2-26-71.” 
 
3-8-1971, page 114: “No actual work as yet on leaking line between 
244AR Vault and 151C Diversion Box.  About 80 ft. of line must be 
replaced.  Minor Construction will do work.” 
 
3-12-1971, page 122: “Minor Construction has started excavating in 
preparation for repairing leaking line between 244 AR Vault and 151 C 
diversion box.” 
 

 pen3-16-1971, page 126: “Down
of the PSS line between 244AR Vault and the 151-C diversion box.  J. 
Jones has started line excavation.” 
 

ARH-1895-1 
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Table 6-1. Additional Information on Identified UPRs 
UPR Date Waste  

Type 
Waste 

Discharged 
(Gallons) 

Event Description References 

has started line excavation.” 
 
3-18-1971, page 130: “Down pending replacement of the leaking segment 
of the PSS line between 244AR and the 151-C diversion box.  J. A. Jones 
has started line excavation.” 
3-19-1971, page 132: “Down pending replacement of leaking segment of 
PSS line between 244 and the 151-C diversion box.” 
 
3-22-1971, page 134: “Down pending replacement of leaking segment of 
PSS line.  Line has been excavated and J. A. Jones has prefabricated pipin
to bypass leaking section” 

g 

 of 

, page 138: “Down pending replacement of leaking segment of 

 

t of 

ent of leaking segment of 

n 244 and the 151-C diversion box.  J. A. Jones plans to 

version box.” 

 

 
 
 
 
  

3-23-1971, page 136: “Down pending replacement of leaking segment
PSS line between 244 and the 151-C diversion box.” 
 

-24-19713
PSS line between 244 and the 151-C diversion box.” 
 
3-25-1971, page 140: “Down pending replacement of leaking segment of
PSS line between 244 and the 151-C diversion box.” 
 
3-26-1971, page 142: “Down pending replacement of leaking segmen
PSS line between 244 and the 151-C diversion box.” 
 

-29-1971, page 144: “Down pending replacem3
PSS line between 244 and the 151-C diversion box.” 
 
3-30-1971, page 146: “Down pending replacement of leaking segment of 

SS line betweeP
have line repaired by April 1.” 
 
3-31-1971, page 148: “Down pending replacement of leaking segment of 

SS line between 244 and the 151-C diP
 
4-1-1971, page 150: “Down pending replacement of leaking segment of 
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Table 6-1. Additional Information on Identified UPRs 
UPR Date Waste  

Type 
Waste 

Discharged 
(Gallons) 

Event Description References 

PSS line between 244 and the 151-C diversion box.” RH-1895-2 
 
4-13-1971, page 16: “J. A. Jones has completed piping to bypass the leak 
in PSS line between 244AR and the 151-C diversion box.” 

A

UPR-200-E-86    HO-CD-673 Provides additional information on soil samples taken to characterize 
extent of pipeline leak and estimated volume and Cs-137 content of leak 
(~25,000 curies in 2/1971). 

R

UPR-200-E-107 11-1952 TBP Waste ~5  transfer pump 

as observed on ground contamination.  HW-

ination earth into the 

PP-RPT-29191, 
age 103 

Contamination spread to ground and equipment during
installation in the 110-CR tank in the 241-CR tank farm on November 26, 
1952.  An estimated 5 gallons of TBP waste was discharged from a pump 
to the ground.  A maximum dose rate of 4.2-rep/hr at surface including 

00-mr/hr at two inches w2
26486 page 3 states: “Decontamination of the equipment and ground was 
initiated immediately.  Due to the magnitude of the ground contamination 
t was decided to excavate a hole and blade the contami

hole.” 

R
p

UPR-200-E-118 1957 Particulate no estimate OE/RL-88-30, 
ev. 16, page 675 

The contaminated particles on the ground surface read up to 3,000 counts 
er minute p

D
r
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6.2 Waste Losses from Spare Inlet Nozzles and Cascade Lines 
The SSTs in WMA C  nozzles.  Process waste transfer 
pipelines w insert hrou e inlet nozzle an ruded into the SST.  As discussed in 
further detail in section 6.2.1, a loose seal was installed around the process waste transfer 
pipeline at the n le.  T  100 s S l rranged in four cascades of three tanks 
each.  After filin e ta a hen flows to the second and once filled, the 
waste flows to t h  a   
 
Tank waste may  d nlet nozzles if the waste elevation in the 
tank exceeded th   Cascade lines which lie below the spare inlets 
in elevation  r eeds the spare inlet level.  When the 
waste exce th g  i uld appear the waste must find an outlet 
over the top  t r  i e cascade (perhaps where it exits or enters 
the tank lin  o e c  6.2.2 provides the waste volumes in each 
of the SSTs W  r  F  operator.  Events are identified when the 
inlet nozzle e ta waste.  Although the inlet nozzles on 
several SST e e  o e waste volume potentially lost to the soil 
surroundin e
 
6.2.1 Des
The SSTs i e p with four, horizontal inlet nozzles, as 
shown in F e  hile Figure 6-1 depicts a typical 
inlet nozzle r z re the same for the 100-series SSTs.  An 
inlet nozzle n sc e 80 steel pipe with an outer 6-inch 
diameter sc u bedded in the 
concrete sid  the carbon steel sidewall using mastic 
and protrudes ~8-inches from the exterior of the tank wall.  The 4-inch diameter steel pipe is 
inserted through the 6-inch diameter steel pipe, protrudes ~12-inches inside the SST and 
~18-inches beyond the exterior of the concrete sidewall of the SST.  The 4-inch diameter steel 
pipe is welded to the wa  the carbon steel tank.  An 8-inch diameter steel collar is tightly 
fitted around the 6-inch diameter steel pipe where  4-inch diameter steel pipe exits this outer 
pipe.  Process waste lines, which are 3-inch inner diameter, 11 gauge 18-8Cb (i.e. early form of 
stainless steel) tubing, are inserted through the 4-inch diameter steel pipe and extend ~4-ft inside 
the SST.   
 
The elevation of the f r inl ozzles for the 100-series SSTs is 17-ft 4-inches from the center 
of the tank bottom (see draw  H-2-1744).  The e ation of the four inlet nozzles for the 200-
series SSTs is 24-ft 7-inches from the center of the tank bottom (see drawing H-2-1744).  All 
inlet nozzles on the 100-series SSTs in 241-C Farm are located at approximately the 8 o’clock 
position relative to north being 12 o’clock.  For the 200-series SSTs, two spare inlets are located 
approximately at the 12:30 o’clock position and two spare inlets are located approximately at the 
9:30 o’clock relative
 
The process waste lines connecting to the inlet nozzles on SSTs C-101, C-104, C-107, C-108, 
C-110, and C-111 are supported by concrete beam ee drawings W-74108, H-2-616, and 
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H-2-2929).  The concrete support beams are 30-inches tall and 32-inches wide, except for C-101, 
nch tall shoulder, 

the 
which are only 26-inches wide.  The concrete support beams have a 4-i
resulting in a 24-inch (only 18-inches for C-101) wide trough running down the center of 
beam.   
 

Figure 6-1 20-Ft Diameter SST Detail Showing Inlet Nozzles 

 

 
 

 
Process waste lines from diversion box 241-C-252 connect to two inlet nozzles on each of the
C-200 series SSTs and are supported by concrete beams (see drawing W-74317).  The oth
inlet nozzles are spares on the C-200 series SSTs and do not have connecting concrete support 
beams.  For the 200-series SSTs, the concrete support beams are 37-inches tall and 20-inches 
wide.  The concrete support beams have a 4-inch tall shoulder, resulting in a 12-inch wide trough
running down the center of the beam. 
 
Some of th

 
er two 

 

e inlet nozzles on the SSTs are spares and do not have installed process waste lines.  
he design for the SSTs identified a 4.5-inch diameter cover was to be placed over the 4-inch 

e 

 

 membrane and then sealed in cement” (see 
W-20742, page 5). 

T
diameter spare inlet nozzles (see Figure 6-1).  It is known that some of the spare inlet nozzles ar
poorly sealed.  SST BX-102 was overfilled in February 1951 and waste was lost to the ground 
through the spare inlet nozzles (HW-20742).  As part of the investigation into the waste loss 
from SST BX-102, spare inlet nozzles on several SSTs (specific tanks were not identified) were
examined.  This investigation revealed “… that some have blanks which are welded tight, some 
have wooden plugs driven into the spare nozzle covered by a cap and sealed with waterproofing, 
and some have caps covered with waterproofing
H
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Based on the SST BX-102 waste loss investigation, waste may have been similarly lost to the 
ground in the 241-C Farm if SSTs were filled above the height of the spare inlet nozzles; 
4-inches (~547,500 gallons) for 100-series and 24-ft 7-inches (~55,900 gallons) for the 200-
series SS

17-ft 

Ts.  If waste losses occurred, small waste losses from the spare inlet nozzles for SSTs 
-101, C-104, C-107, C-108, C-110, and C-111 mayC  have been contained and channeled along 

the concrete beam zzles. 
 
6.2.2 Potential Waste Loss through Inlet Nozzles of Cascade Lines 
The waste volumes in all SSTs was reported monthly from January 1945 through December 
1960 (except no data for August 1951 through March 1952), semi-annually from January 1961 
through June 1965, quarterly from September 1965 through September 1976, and monthly 
thereafter. Frequent waste transfers into and waste removal from tanks occurred.  Only the waste 
volume in each tank at the end of the reporting period was documented.  The waste volumes 
reported in the sixteen SSTs in the 241-C Farm for January 1945 through December 1980 are 
tabulated in Table 6-2.  SSTs were removed from service in January 1981 and no waste additions 
were allowed after this date.  Dates when a SST was filled with waste above the elevation of the 

s that support the process waste lines connecting to the inlet no

spare inlet nozzles and therefore also the cascade lines are high-lighted using pink in Table 6-2.  
Tanks may have been filled with waste above the spare inlets nozzles and cascade lines on more 
occasions than indicated in Table 6-2 due to transient conditions.    
 
In addition to the information in Table 6-2, there are two additional events when SSTs in WMA 
C were potentially filled with waste above the spare inlet nozzles and cascade lines, as reported 
in RPP-RPT-29191.   
 

• RPP-RPT-29191, page 143: “On 11-20-51, water inadvertently seeped into the 106-C
Metal Waste Storage Tank from a hose which had been left running to prevent freezing 
of the water line.  After extensive checking it was determined that the liquid level in the 

 

tank had raised approximately 8½ inches and had reached the level of the stubbed inlet 
lines.  All survey work showed no indications of tank overflow and the level of the tank 
has remained constant for the past four weeks.  Corrective measures have been instituted
to prevent a similar occurrence”. 

 
• RPP-RPT-29191, page 158: (O

 

ctober 1967) “During excavation on the southwest side 
of 105-C, J. A. Jones personnel unearthed some contaminated soil.  The spot is 

e 

d 
 at 

ned 
is conclusion was made on the basis of the different Cs-137/Cs-134 

ratios”. 
 

located directly beneath two blanked stubs.  The extent of spreading or volume of the 
source contamination is unknown at this time.  Analysis of a sample shows cesium to b
the only gamma producing isotope present.  3.71 μCi/ml Cs-137 and 0.0039 μCi/ml Cs-
134 were the results of analysis.  This cesium ratio will allow determination of source an
time of deposition of the activity.  A sample of 105-C supernate is now being analyzed
Redox Laboratory”. 

 
(November 1967) “Analysis of Soil Samples Near Tank 105-C: Subject analyses showed 
that the solution that had leaked into the soil was not the same as that currently contai
in the tank.  Th
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Based on Table 6-2 and the additional information cited above, SSTs C-101, C-103, C-104, C-
105, C-106, C-109, C-111, C-201, C-202, and C-204 were filled with waste above the elevation 
of the spare inlet nozzles and cascade lines on several occasions.  As previously stated waste 
may have been lost to the ground from these SSTs as a result of overfilling these tanks.  The date 
and waste type present in each SST when the tank was filled with waste above the elevation of 
the spare inlet nozzles are summarized in Table 6-3.   
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Table 6-2 Waste Volume Stored in 241-C Farm Single-Shell Tanks  
January 1945 – September 1950 

  Percent Filled 

Reference Tank C-101 thru C-103 C-104 thru C-106 C-107 thru C-109 C-110 thru C-112 C-201 - C-204 
HW-7-1293-DEL Jan-45 0 0 0 0 0 
HW-7-1388-DEL Feb-45 0 0 0 0 0 
HW-7-1544-DEL Mar-45 0 0 0 0 0 
HW-7-1649-DEL Apr-45 0 0 0 0 0 
HW-7-1793-DEL May-45 0 0 0 0 0 
HW-7-1981-DEL Jun-45 0 0 0 0 0 
HW-7-2177-DEL Jul-45 0 0 0 0 0 
HW-7-2361-DEL Aug-45 0 0 0 0 0 
HW-7-2548-DEL Sep-45 0 0 0 0 0 
HW-7-2706-DEL Oct-45 0 0 0 0 0 
HW-7-2957-DEL Nov-45 0 0 0 0 0 
HW-7-3171-DEL Dec-45 0 0 0 0 0 
HW-7-3378-DEL Jan-46 0 0 0 0 0 
HW-7-3566-DEL Feb-46 0 0 0 0 0 
HW-7-3751 Mar-46 7 0 0 0 0 
HW-7-4001-DEL Apr-46 19.1 0 0.1 0 0 
HW-7-4193-DEL May-46 34 0 0 12.1 0 
HW-7-4343-DEL Jun-46 45.6 0 0 21.3 0 
HW-7-4542-DEL Jul-46 59.2 0 0 31.7 0 
HW-7-4739-DEL Aug-46 77.3 0 0 46.4 0 
HW-7-5194-DEL Sep-46 87.6 0 0 54.2 0 
HW-7-5362-DEL Oct-46 100 0.3 0 64.1 0 
HW-7-5505-DEL Nov-46 100 10.4 0 71.6 0 
HW-7-5630-DEL Dec-46 100 22.5 0 80.8 0 
HW-7-5802-DEL Jan-47 100 29.5 0 86.6 0 
HW-7-5944-DEL Feb-47 100 34.6 0 90.6 0 
HW-7-6048-DEL Mar-47 100 46.4 0 98.9 0 
HW-7-6184-DEL Apr-47 100 52.6 8.5 100 0 
HW-7-6391-DEL May-47 100 59.3 11.6 100 0 
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Table 6-2 Waste Volume Stored in 241-C Farm Single-Shell Tanks  
January 1945 – September 1950 

  Percent Filled 

Reference Tank C-101 thru C-103 C-104 thru C-106 C-107 thru C-109 C-110 thru C-112 C-201 - C-204 
HW-709 -DEL Jun 47 100 67.1 .3 100 0 6 - 17
HW  -7283-DEL Jul-47 100 75.8 23.7 100 0 
HW   -7504-DEL Aug-47 100 82.8 28.3 100 0 
HW-7795-DEL Sep-47 100 9  3  1  1.1 4.3 00 0 
HW-7997-DEL Oct-47 100 9  3  1  6.5 8.7 00 0 
HW-8267-DEL Nov-47 100  4  1  100 3.3 00 25 
HW-8438-DEL Dec-47 100  1  6  100 49 00 8.6
HW-8931-DEL Jan-48 100  5  1   100 3.4 00 100
HW-9191-DEL Feb-48 100  5  1   100 9.2 00 100
HW-9595-DEL Mar-48 100  6  1   100 5.7 00 100
HW-9922-DEL Apr-48 100  7  1   100 0.7 00 100
HW-10166-DEL May-48 100  7  1   100 7.5 00 100
HW-10378-DEL Jun-48 100  8  1   100 4.8 00 100
HW-10714-DEL Jul-48 100  9  1   100 2.4 00 100
HW-10993-DEL Aug-48 100  9  1   100 8.2 00 100
HW-11226-DEL Sep-48 100   1   100 100 00 100
HW-11499-DEL Oct-48 100   1   100 100 00 100
HW-11835-DEL Nov-48 100 100 1   100 00 100
HW-12086-DEL Dec-48 100 100   100 100 100
HW-12391-DEL Jan-49 100 100   100 100 100
HW-12666-DEL Feb-49 100 100   100 100 100
HW-12937-DEL Mar-49 100 100   100 100 100
HW-13190-DEL Apr-49 100 100   100 100 100
HW-13561-DEL May-49 100 100 100  100 100
HW-13793-DEL Jun-49 100 100 100  100 100
HW-14043-DEL Jul-49 100 100 100  100 100
HW-14338-DEL Aug-49 100 100 100  100 100
HW-14596-DEL Sep-49 100 100 100  100 100
HW-14916-DEL Oct-49 100 100 100  100 100
HW-15267-DEL Nov-49 100 100 100 100 100 
HW-15550-DEL Dec-49 100 100 100 100 100 
HW-15843-DEL Jan- 0 0 0 0 0 50 10 10 10 10 10
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Table 6-2 Waste Volume Stored in 241-C Farm Single-Shell Tanks  
January 1945 – September 1950 

  Percent Filled 

Reference Tank C-101 thru C-103 C-104 thru C-106 C-107 thru C-109 C-110 thru C-112 C-201 - C-204 
HW-17056-DEL 1  Feb-50 100 100 100 100 00
HW-17410-DEL  Mar-50 100 100 100 100 100
HW-17660-DEL  Apr-50 100 100 100 100 100
HW-17971-DEL  May-50 100 100 100 100 100
HW-18221-DEL  Jun-50 100 100 100 100 100
HW-18473-DEL Jul-50 100 100 100 100 100 
HW-18740-DEL Aug-50 100 100 100 100 100 
HW-19021-DEL Sep-50 100 100 100 100 100 

 
me Stored in 241-C Farm Single-Shell Tanks 

October 1950 ugh March 19
Table 6-2 Waste Volu

 thro 52 

  
C-101 thru 6 and C-200 Series

Tot lume (Kgal)  
C-107 thru C-11
otal Volume (Kg   

 C-10
al Vo

2 
T al) 

HW-19325-DEL O 374  3170   ct-50 3
HW-19622-DEL Nov-50 3374  3170   
HW-19842-DEL Dec-50 3374  3170   
HW-20161-DEL J 374  3170   an-51 3
HW-20438-DEL Feb-51 3374  3170   
HW-20671-DEL Mar-51 3374  3170   
HW-20991-DEL A 374  3170   pr-51 3
HW-21260-DEL May-51 3374  3170   
HW-21506-DEL Jun-51 3374  3170   
HW-21802-DEL Jul-51 3374  3170   
HW-22075-DEL Aug-51 
HW-22304-DEL Sep-51 
HW-226100-DEL Oct-51 
HW-22875-DEL Nov-51 
HW-23140-DEL Dec-51 
HW-23437-DEL Jan-52 
HW-23698-DEL Feb-52 
HW-23982-DEL Mar-52 

No da orted for August 19 rough March 1952
 
 
 
 

ta rep 51 th  
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Table 6-2 Waste Volume Stored in 241-C Farm Single-Shell Tanks 
April 1952 through December 1980 (Kgal) 

Reference Ta C-101 102 C-1 C-10 C-105 C-106 nk C- 03 4 
HW-2 Apr-5 530 30 51 53 0 519 7838 2 5 9 0 53
 May-52 530 30 51 53 0 519 5 9 0 53
 Jun-52 530 30 51 53 0 519 5 9 0 53
HW-2 Jul-52 530 30 51 53 0 519 7839 5 9 0 53
 Aug-5 530 30 51 53 0 519 2 5 9 0 53
 Sep-5 530 30 51 53 0 519 2 5 9 0 53
HW-2 Oct-52 530 30 51 53 0 519 7840 5 9 0 53
 Nov-52 779 combined in C-101,102, and 103 530 530 519 
 Dec-52 984 combined in C-101,102, and 103 530 530 519 
HW-27841 530 519 Jan-53 530 543 combined in C-101,102, and 103 
HW-27842 530 519 Feb-53 336 combined in C-101,102, and 103 530 
HW-2 775 ed in C-101 t u C-106  7 M  combinar-53 1507 hr   
HW-2 A 10 53 18 53  368 8043 pr-53 0 530 0
HW-2 May-53 389 46  53  234 8377 10 530 0
HW-2 Jun-53 422   53  76 8712 45 530 0
HW-2 Jul-53 422   53  439 9054 45 530 0
HW-2 Aug-53 530 343 50 39  245 9242 5 78 6
HW-2 Sep-53 222 467 50 20  439 9624 8 46 2
HW-2 Oct-53 517 508 9905 56 20  100 0 10 2
HW-3 Nov-53 517 508 0250 56 78 194 0 0 
HW-3 Dec-53 517 508 0498 56 48 143 0 0 
HW-3 Jan-54 517 530 0851 56 48 59 0 0 
HW-3 Feb-54 510 530 1126 56 0 50 0 0 
HW-3 Mar-54 510 530 1374 560 312 458 50 
HW-3 Apr-54 510 530 1811 560 389 219 50 
HW-3 May-54 510 2110 530 560 127 27 50 
HW-3 Jun-54 512389 0 530 560 323 0 50 
HW-3 Jul-54 510 530 2697 560 124 530 85 
HW-3 Aug-54 510 530 3002 560 415 546 538 
HW-3 Sep-54 510 530 3396 560 271 546 538 
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Table 6-2 Waste Volume Stored  241-C Farm Single-Shell Tanks 
April 1952 through cember 1980 (Kgal) 

in
De

Reference Tank C-101 C- 02 C-103 C-104 C-105 C-106 1
HW-33544 Oct-54 51 0 0 53 560 36 546 538 
HW-33904 Nov-54 51 0 0 53 560 523 546 538 
HW-34412 Dec-54 510 530 560 494 546 538 
HW-35022 Jan-55 510 530 560 350 546 538 
HW-35628 Feb-55 510 530 560 48 546 538 
HW-36001 Mar-55 510 530 560 0 546 538 
HW-36553 Apr-55 510 530 560 0 546 538 
HW-37143 May-55 510 530 560 0 546 538 
HW-38000 Jun-55 510 530 560 0 546 538 
HW-38401 Jul-55 510 530 560 0 546 538 
HW-38926 Aug-55 510 530 560 0 546 538 
HW-39216 Sep-55 510 530 560 0 546 538 
HW-39850 Oct-55 510 530 560 420 546 538 
HW-40208 Nov-55 510 530 560 420 546 538 
HW-40816 Dec-55 326 530 560 420 546 538 
HW-41038 Jan-56 485 530 560 85 546 538 
HW-41812 Feb-56 485 530 560 1 6  538 9 546
HW-42394 Mar-56 485 530 560 224 252 538 
HW-42993 Apr-56 485 530 560 271 79 538 
HW-43490 May-56 485 530 560 329 79 538 
HW-43895 Jun-56 485 530 560 439 79 538 
HW-44860 Jul-56 485 530 560 519 79 538 
HW-45140 Aug-56 485 530 560 110 530 538 
HW-45738 Sep-56 161 530 560 176 508 538 
HW-46382 Oct-56 131 530 560 239 508 538 
HW-47052 Nov-56 131 530 560 319 508 538 
HW-47640 Dec-56 131 530 560 406 508 538 
HW-48144 Jan-57 131 533 569 411  508 483 
HW-48846 Feb-57 98 533 569 411 535 516 
HW-49523 Mar-57 98 535 568 464 538 519 
HW-50127 Apr-57 95 48 37 535 238 519 
HW-50617 May-57 95 48 37 541 320 43 
HW-51348 Jun-57 483 48 37 541 406 354 
HW-51858 Jul-57 260 48 37 543 252 524 
HW-52414 Aug-57 299 48 37 543 373 524 
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Table 6-2 Waste Volume Stored in 241-C Farm Single-Shell Tanks 
April 1952 through December 1980 (Kgal) 

Reference Tank C-101 C-102 C-103 C-104 C-105 C-106 
HW-52932 Sep-57 178 48 329 543 178 524 
HW-53573 Oct-57 205 48 348 541 318 524 
HW-54067 Nov-57 411 48 348 541 266 68 
HW-54519 Dec-57 131 48 348 535 381 111 
HW-54916 Jan-58 131 48 62 541 224 106 
HW-55264 Feb-58 134 51 62 5  38 367 106 
HW-55630 Mar-58 150 51 62 538 475 106 
HW-55997 Apr-58 125 37 62 535 541 123 
HW-56357 May-58 125 37 62 535 541 197 
HW-56761 Jun-58 125 37 62 535 541 232 
HW-57122 Jul-58 125 37 62 541 541 343 
HW-57550 Aug-58 125 37 46 557 541 392 
HW-57711 Sep-58 125 37 46 541 541 519 
HW-58201 Oct-58 125 37 46 541 191 521 
HW-58579 Nov-58 125 37 46 541 332 535 
HW-58831 Dec-58 125 37 46 541 461 535 
HW-59204 Jan-59 125 37 46 541 381 535 
HW-59586 Feb-59 125 37 46 541 137 535 
HW-60065 Mar-59 128 37 45 524 271 510 
HW-60419 Apr-59 128 37 62 519 353 510 
HW-60738 May-59 128 37 48 524 425 510 
HW-61095 Jun-59 128 37 48 517 142 510 
HW-61582 Jul-59 128 37 48 524 207 510 
HW-61952 Aug-59 128 37 48 524 362 510 
HW-62421 Sep-59 131 34 45 524 309 510 
HW-62723 Oct-59 131 34 45 524 199 510 
HW-63083 Nov-59 131 34 45 524 309 510 
HW-63559 Dec-59 131 34 45 524 431 510 
HW-63896 Jan-60 131 34 45 524 276 510 
HW-64373 Feb-60 131 34 45 524 362 510 
HW-64810 Mar-60 131 34 45 538 461 510 
Hw-65272 Apr-60 131 34 144 538 527 527 
HW-65643 May-60 131 34 243 538 529 527 
HW-66187 Jun-60 131 34 309 538 529 527 
HW-66557 Jul-60 131 62 395 538 529 527 
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Table 6-2 Waste Volume Stored in 241-C Farm Single-Shell Tanks 
April 1952 through December 1980 (Kgal) 

Reference Tank C-101 C-102 C-103 C-104 C-105 C-106 
HW-66827 Aug-60 131 250 408 538 529 527 
HW-67696 Sep-60 131 378 416 538 529 527 
HW-67705 Oct-60 131 378 416 538 529 527 
HW-68291 Nov-60 141 518 424 538 529 527 
HW-68292 Dec-60 150 491 524 538 529 527 
HW-71610 Jun-61 510 521 557 538 521 527 
HW-72625 Dec-61 510 519 563 541 521 527 
HW-74647 Jun-62 524 356 227 538 519 527 
HW-76223 Dec-62 524 370 57 538 519 527 
HW-78279 Jun-63 524 334 530 543 125 530 
HW-80379 Dec-63 370 450 469 541 532 538 
HW-83308 Jun-64 542 407 442 539 522 522 
RL-SEP-260 Dec-64 546 442 420 539 516 505 
RL-SEP-659 Jun-65 574 326 458 554 491 541 
RL-SEP-821 Sep-65 568 447 455 560 491 546 
RL-SEP-923 Dec-65 565 461 222 560 483 549 
ISO-226 Mar-66 563 472 527 560 475 549 
ISO-404 Jun-66 571 472 497 532 450 519 
ISO-538 Sep-66 565 464 494 532 450 519 
ISO-674 Dec-66 563 453 475 532 442 527 
ISO-806 Mar-67 557 499 450 532 439 527 
ISO-967 Jun-67 555 486 439 532 435 527 
ARH-95 Sep-67 555 486 433 532 431 527 
ARH-326 Dec-67 549 444 433 532 359 527 
ARH-534 Mar-68 545 476 436 531 542 66 
ARH-721 Jun-68 545 466 435 531 392 72 
ARH-871 Sep-68 545 455 433 530 444 70 
ARH-1061 Dec-68 541 457 431 530 384 70 
ARH-1200A Mar-69 541 462 431 530 378 124 
ARH-1200B Jun-69 538 458 429 200 490 244 
ARH1200C Sep-69 538 501 103 200 366 293 
ARH1-1200D Dec-69 132 486 103 246 450 167 
ARH-1666A Mar-70 134 486 491 347 348 222 
ARH-1666B Jun-70 134 486 109 296 198 379 
ARH-1666C Sep-70 136 486 180 480 497 517 
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Table 6-2 Waste Volume Stored in 241-C Farm Single-Shell Tanks 
April 1952 through December 1980 (Kgal) 

Reference Tank C-101 C-102 C-103 C-104 C-105 C-106 
ARH-1666D Dec-70 138 486 279 453 447 530 
ARH-2074A Mar-71 131 480 92 481 211 212 
ARH-2074B Jun-71 131 480 92 507 211 212 
ARH-2074C Sep-71 128 480 90 466 216 239 
ARH-2074D Dec-71 127 479 102 437 253 235 
ARH-2456A Mar-72 125 475 102 351 510 233 
ARH-2456B Jun-72 125 477 102 366 400 235 
ARH-2456C Sep-72 124 474 539 384 471 244 
ARH-2456D Dec-72 120 475 92 334 411 248 
ARH-2794A Mar-73 121 484 94 517 326 255 
ARH-2794B Jun-73 120 483 239 332 227 249 
ARH-2794C Sep-73 120 465 390 483 239 241 
ARH-2794D Dec-73 131 466 392 436 234 238 
ARH-CD-133A Mar-74 129 467 508 439 447 237 
ARH-CD-133B Jun-74 128 467 343 337 442 250 
ARH-CD-133C Sep-74 81 467 107 340 231 324 
ARH-CD-133D Dec-74 92 466 224 351 279 420 
ARH-CD-336A Mar-75 92 466 516 296 224 373 
ARH-CD-336B Jun-75 92 466 164 417 233 345 
ARH-CD-336C Sep-75 92 466 109 299 235 469 
ARH-CD-336D Dec-75 92 431 106 513 483 288 
ARH-CD-702A Mar-76 92 431 274 362 381 329 
ARH-CD-702B Jun-76 73 431 288 505 222 499 
ARH-CD-702I Sep-76 73 431 321 420 367 422 
ARH-CD-822-OCT Oct-76 73 431 334 483 332 321 
ARH-CD-822-NOV Nov-76 73 431 343 488 329 439 
ARH-CD-822-DEC Dec-76 73 431 345 373 299 233 
ARH-CD-822-JAN Jan-77 73 431 348 376 252 373 
ARH-CD-822-Feb Feb-77 73 431 351 499 224 392 
ARH-CD-822-MAR Mar-77 73 431 384 406 224 373 
ARH-CD-822-APR Apr-77 73 431 216 312 224 343 
ARH-CD-822-MAY May-77 73 431 183 359 224 453 
RHO-CD-14-JUN Jun-77 73 431 387 453 224 480 
RHO-CD-14-JUL Jul-77 73 431 268 497 222 469 
RHO-CD-14-AUG Aug-77 73 431 233 315 224 277 
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Table 6-2 Waste Volume Stored in 241-C Farm Single-Shell Tanks 
April 1952 through December 1980 (Kgal) 

Reference Tank C-101 C-102 C-103 C-104 C-105 C-106 
RHO-CD-14-SEP Sep-77 73 431 274 334 224 398 
RHO-CD-14-OCT Oct-77 73 431 387 466 288 398 
RHO-CD-14-NOV Nov-77 73 431 268 301 447 249 
RHO-CD-14-DEC Dec-77 73 431 422 340 447 384 
RHO-CD-14-JAN Jan-78 73 431 450 326 343 312 
RHO-CD-14-FEB Feb-78 73 431 285 321 442 475 
RHO-CD-14-MAR Mar-78 73 431 235 409 343 255 
RHO-CD-14-APR Apr-78 73 431 241 464 425 373 
RHO-CD-14-MAY port not locatMay-78 Re ed. 
RHO-CD-14-JUN Jun-78 73 431 260 329 310 356 
RHO-CD-14-JUL Jul-78 73 431 274 347 233 414 
RHO-CD-14-August 1978 Aug-78 73 431 279 378 233 417 
RHO-CD-14-September 1978 Sep-78 73 431 288 378 227 444 
RHO-CD-14-October 1978 Oct-78 73 431 290 455 227 433 
RHO-CD-14-November 1978 Nov-78 73 431 293 458 227 428 
RHO-CD-14-December 1978 Dec-78 73 431 296 464 343 422 
RHO-CD-14-January 1979 Jan-79 73 431 296 477 224 422 
RHO-CD-14-February 1979 Jan-79 73 431 299 499 224 414 
RHO-CD-14-March 1979 Mar-79 73 431 301 315 224 202 
RHO-CD-14-April 1979 Apr-79 73 431 307 315 224 222 
RHO-CD-14-May 1979 May-79 73 431 307 329 224 219 
RHO-CD-14-June 1979 Jun-79 73 431 307 345 172 219 
RHO-CD-14-July 1979 Jul-79 73 431 200 464 172 219 
RHO-CD-14-August 1979 Aug-79 73 431 200 464 172 219 
RHO-CD-14-September 1979 Sep-79 73 431 200 365 172 219 
RHO-CD-14-October 1979 Oct-79 73 431 200 400 172 219 
RHO-CD-14-November 1979 Nov-79 73 431 200 417 172 219 
RHO-CD-14-December 1979 Dec-79 73 431 200 450 172 219 
WHC-MR-0132 Mar-80 73 431 200 315 172 219 
WHC-MR-0132 Jun-80 73 431 200 315 172 219 
WHC-MR-0132 Sep-80 73 431 200 315 172 219 
WHC-MR-0132 Dec-80 73 431 200 315 172 219 
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Table 6-2 W Shell Tanks aste Volume Stored in 241-C Farm Single-

ough mber 1980 April 1952 thr  Dece (Kgal) 
Reference Tank 07 C-1 C-10 110 C- C-11 201 C- C-20 204 C-1 08 9 C- 111 2 C- 202 3 C-

H Apr-52 9 52 0 5 525 4.5 5 54.5 52.5 W-27838 39 34 5 53 30 5 4.5 
 May-52  525 30 5 99 4.5 5 54 .5  399 34 5 30 5 4.5 .5 52
 Jun-52 9 311 30 5 99 4.5 5 54 .5 39 34 5 30 5 4.5 .5 54
H Jul-52 9 17 31 2 140 4.5 5 54 .5 W-27839 39 34 2 37 5 4.5 .5 54
 Aug-52 9 1 36 17 4.5 5 54 54.5 39 34 10 23 5 4.5 .5 
 Sep-52 9 1 36 17 4.5 5 54 54.5 39 34 10 23 5 4.5 .5 
H Oct-52  1 3 52.5 54.5 54 54.5 W-27840  399 34 10 23 6 17 .5 
 Nov-52 9 496 90 1 2.5 5 54 .5 39 34 4 39 17 5 4.5 .5 54
 Dec-52 7 496 90 1 17 2.5 5 54 .5 54 85 4 39 5 4.5 .5 54
H Jan-53  47 10 38 5 230 2.5 5 54 .5 W-27841 518 3 5 36 5 4.5 .5 54
H Feb-53 8 47 10 38 5 230 2.5 5 54 .5 W-27842 51 3 5 36 5 4.5 .5 54
H Mar-53 8 52 18 8 5 249 2.5 5 54.5 54.5 W-27775 51 7 2 53 36 5 4.5 
H Apr-53  52 52 8 5 517 4.5 54.5 54.5 W-28043  509 7 1 53 36 5 8 
H May-53 9 53 52 8 5 517 4.5 54.5 54.5 W-28377  51 0 1 53 36 5 8 
H Jun-53 9 53 52 8 5 517 4.5 54.5 54.5 W-28712 51 0 1 53 36 5 8 
H Jul-53 0 53 52 8 5 517 4.5 54.5 54.5 W-29054 53 0 1 53 36 5 8 
H Aug-53 0 53 52 8 5 517 4.5 54.5 54.5 W-29242  53 0 1 53 36 5 8 
H Sep-53  53 52 8 5 178 4.5 54.5 54.5 W-29624  530 0 1 53 36 5 8 
H Oct-53 0 53 52 8 5 178 4.5 54.5 54.5 W-29905 53 0 1 53 36 5 8 
H Nov-53 0 53 52 8 5 145 4.5 54.5 54.5 W-30250 53 0 1 53 36 5 8 
H Dec-53  53 52 8 5 145 5.7 4 14.8 15.2 W-30498  530 0 1 53 36 1 3.7 
H Jan-54 0 53 52 8 5 145 5.7 0 39.2 W-30851 53 0 1 53 36 1 0 
H Feb-54  53 52 8 5 145 10 0 51 W-31126 530 0 1 53 36 0 
H Mar-54 0 53 52 8 5 145 0 0 51 W-31374  53 0 1 53 36 0 
H Apr-54 0 53 52 8 5 178 0 0 51 W-31811 53 0 1 53 36 0 
H May-54 0 53 52 8 5 178 0 0 51 W-32110  53 0 1 53 36 0 
H Jun-54 0 53 52 8 5 178 0 0 51 W-32389 53 0 1 53 36 0 
H Jul-54 0 53 52 8 5 433 0 0 51 W-32697 53 0 1 53 36 0 
H Aug-54 0 530 52 8 536 433 0 0 51 W-33002 53 1 53 0 
HW-33396 Sep-54 530 530 521 538 536 466 0 0 0 51 
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Table 6-2 Waste Volume Stored in 241-C Farm Single-Shell Tanks 
April 1952 through December 1980 (Kgal) 

Reference Tank 201 C-202 C-203 C-204 C-107 C-112 C-C-108 C-109 C-110 C-111 
HW-33544 Oct-54 530 530 521 538 536 466 0 0 0 51 
HW-33904 Nov-54 530 530 521 538 536 466 0 0 0 47 
HW-34412 Dec-54 530 530 521 538 536 466 0 0 0 47 
HW-35022 Jan-55 530 530 521 538 536 466 0 0 0 0 
HW-35628 Feb-55 530 530 521 538 536 466 0 0 0 0 
HW-36001 Mar-55 530 530 521 538 536 466 0 0 0 0 
HW-36553 Apr-55 530 530 521 538 536 466 0 0 0 0 
HW-37143 May-55 530 530 521 538 536 466 2 0 0 0 
HW-38000 Jun-55 530 530 521 538 536 466 13 0 0 0 
HW-38401 Jul-55 530 530 521 538 536 466 24.5 0 0 0 
HW-38926 Aug-55 530 530 521 538 536 466 25 0 0 0 
HW-39216 Sep-55 530 530 521 538 536 466 30 0 0 0 
HW-39850 Oct-55 530 530 521 538 536 46 43 0 0 0 
HW-40208 Nov-55 530 530 474 538 536 46 54.5 5  .5 51.5 45.5 
HW-40816 Dec-55 530 530 204 538 536 524 57 6 5 5 
HW-41038 Jan-56 530 530 109 538 53 530 57 9 5 5 
HW-41812 Feb-56 530 123 530 265 383 530 54.5 2  3.5 5 5 
HW-42394 Mar-56 530 80 530 265 530 340 54.5 2  3.5 5 5 
HW-42993 Apr-56 530 530 530 265 530 530 54.5 4  2.5 5 5 
HW-43490 May-56 530 530 530 265 530 530 54.5 5  4.5 5 34 
HW-43895 Jun-56 530 530 530 436 530 530 54.5 5  4.5 5 34 
HW-44860 Jul-56 530 530 530 483 530 456 54.5 54.5 5 34 
HW-45140 Aug-56 530 270 530 507 56 127 54.5 5 5 4. 20 34 
HW-45738 Sep-56 530 115 530 491 56 417 5  4.5 5  22 4.5 34 
HW-46382 Oct-56 375 78 241 491 64 39 5  5  3  4.5 4.5 9.5 9.5 
HW-47052 Nov-56 375 78 241 491 64 39 5  5  3  4.5 4.5 4.5 34 
HW-47640 Dec-56 375 78 241 491 70 39 5  5  3  4.5 4.5 4.5 34.5 
HW-48144 Jan-57 383 78 239 484 116 138 54 56 36 34 
HW-48846 Feb-57 378 78 239 510 213 138 54 56 36 34 
HW-49523 Mar-57 376 78 238 513 332 156 54 56 36 54 
HW-50127 Apr-57 381 78 541 508 532 329 54 55 35 33 
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Table 6-2 Waste Volume Stored in 241-C Farm Single-Shell Tanks 
April 1952 through December 1980 (Kgal) 

Reference Tank C-107 C-108 C-109 C-110 C-111 C-112 C-201 C-202 C-203 C-204 
HW-50617 May-57 381 78 202 508 550 537 54   55 35 33 
HW-51348 Jun-57 381 78 79 508 521 54 54 56 35 33 
HW-51858 Jul-57 403 79 312 510 409 532 55 56 35 32 
HW-52414 Aug-57 384 414 541 510 340 381 55 56 35 32 
HW-52932 Sep-57 392 532 340 510 549 541 55 56 35 32 
HW-53573 Oct-57 392 530 348 510 230 521 55 56 35 32 
HW-54067 Nov-57 392 516 543 510 444 189 55 56 35 32 
HW-54519 Dec-57 411 472 543 510 98 516 55 56 35 32 
HW-54916 Jan-58 428 175 112 510 98 84 55 56 35 32 
HW-55264 Feb-58 425 175 112 508 101 84 55 56 36 34 
HW-55630 Mar-58 425 175 112 508 101 84 55 56 36 34 
HW-55997 Apr-58 425 175 112 508 101 84 55 56 36 34 
HW-56357 May-58 425 175 112 508 101 84 55 56 36 34 
HW-56761 Jun-58 425 175 112 508 101 84 55 56 36 34 
HW-57122 Jul-58 425 175 112 508 101 84 55 56 36 34 
HW-57550 Aug-58 425 175 112 508 101 84 55 56 36 34 
HW-57711 Sep-58 422 175 112 508 101 84 55 56 36 34 
HW-58201 Oct-58 425 175 112 508 101 84 55 56 36 34 
HW-58579 Nov-58 425 175 112 508 153 106 55 55 36 34 
HW-58831 Dec-58 425 175 112 508 88 134 55 55 35 34 
HW-59204 Jan-59 425 175 112 508 88 134 55 55 35 34 
HW-59586 Feb-59 425 175 112 508 88 134 55 55 35 34 
HW-60065 Mar-59 425 175 112 508 90 137 54 55 34 33 
HW-60419 Apr-59 425 180 112 508 90 137 54 55 34 33 
HW-60738 May-59 422 180 112 504 90 137 54 55 34 33 
HW-61095 Jun-59 422 183 373 507 90 137 54 55 34 33 
HW-61582 Jul-59 422 183 386 507 90 137 54 55 34 33 
HW-61952 Aug-59 422 183 386 507 97 137 54 55 34 33 
HW-62421 Sep-59 422 188 540 507 111 84 54 55 34 33 
HW-62723 Oct-59 422 188 540 507 298 136 55 55 34 36 
HW-63083 Nov-59 422 188 540 507 298 136 55 55 34 36 
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Table 6-2 Waste Volume Stored in 241-C Farm Single-Shell Tanks 
April 1952 through December 1980 (Kgal) 

Reference Tank C-107 C-108 C-109 C-110 C-111 C-112 C-201 C-202 C-203 C-204 
HW-63559 Dec-59 422 188 540 507 298 136 55 55 34 36 
HW-63896 Jan-60 422 494 540 507 298 137 55 55 34 36 
HW-64373 Feb-60 422 494 540 507 298 137 55 55 34 36 
HW-64810 Mar-60 422 494 540 507 337 137 55 55 34 36 
Hw-65272 Apr-60 422 494 540 507 337 137 55 55 34 36 
HW-65643 May-60 422 494 540 507 337 137 55 55 34 36 
HW-66187 Jun-60 422 494 540 507 337 137 55 55 34 36 
HW-66557 Jul-60 422 494 540 507 337 137 55 55 34 36 
HW-66827 Aug-60 422 500 540 507 337 137 55 55 34 36 
HW-67696 Sep-60 422 500 540 507 337 263 55 55 34 36 
HW-67705 Oct-60 422 500 540 507 337 359 55 55 34 36 
HW-68291 Nov-60 422 243 546 510 342 400 55 55 34 36 
HW-68292 Dec-60 422 166 546 455 309 367 55 55 34 36 
HW-71610 Jun-61 439 486 549 505 345 455 56 56 34 37 
HW-72625 Dec-61 483 486 549 510 345 486 56 56 34 37 
HW-74647 Jun-62 384 486 433 510 345 508 56 56 34 37 
HW-76223 Dec-62 384 486 491 508 370 505 56 56 34 37 
HW-78279 Jun-63 384 483 494 505 431 510 56 56 34 37 
HW-80379 Dec-63 381 486 494 505 472 513 54 57 35 36 
HW-83308 Jun-64 381 426 532 505 539 547 54 55 35 36 
RL-SEP-260 Dec-64 383 426 535 513 539 547 54 55 35 36 
RL-SEP-659 Jun-65 395 532 554 508 519 538 54 55 33 36 
RL-SEP-821 Sep-65 425 532 554 508 520 538 54 55 33 36 
RL-SEP-923 Dec-65 466 532 554 508 516 538 52 55 33 36 
ISO-226 Mar-66 527 532 552 505 503 538 52 55 33 36 
ISO-404 Jun-66 464 521 565 508 510 535 52 55 33 36 
ISO-538 Sep-66 486 521 565 508 510 535 52 55 33 36 
ISO-674 Dec-66 527 521 552 508 508 535 52 55 33 36 
ISO-806 Mar-67 530 521 552 508 508 535 55 55 34 36 
ISO-967 Jun-67 528 521 552 508 503 535 55 55 34 36 
ARH-95 Sep-67 528 521 552 508 503 535 55 55 34 36 
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Table 6-2 Waste Volume Stored in 241-C Farm Single-Shell Tanks 
April 1952 through December 1980 (Kgal) 

Reference Tank C-107 C-108 C-109 C-110 C-111 C-112 C-201 C-202 C-203 C-204 
ARH-326 Dec-67 534 517 549 435 502 535 55 55 34 57 
ARH-534 Mar-68 531 516 554 435 499 534 55 55 34 57 
ARH-721 Jun-68 531 516 543 435 499 534 55 55 34 57 
ARH-871 Sep-68 531 516 543 435 499 534 55 55 34 57 
ARH-1061 Dec-68 528 514 543 435 499 534 55 55 34 57 
ARH-1200A Mar-69 528 514 543 435 498 534 55 55 34 57 
ARH-1200B Jun-69 525 514 543 220 497 532 55 55 34 57 
ARH1200C Sep-69 524 513 543 224 497 532 55 55 34 57 
ARH1-1200D Dec-69 301 138 543 224 147 532 55 55 34 57 
ARH-1666A Mar-70 303 138 165 375 147 213 55 55 18 57 
ARH-1666B Jun-70 304 532 541 470 146 541 1 0 6 43 
ARH-1666C Sep-70 547 532 543 536 150 543 1 0 6 42 
ARH-1666D Dec-70 547 532 543 536 151 543 1 0 6 42 
ARH-2074A Mar-71 546 532 542 536 151 543 1 0 6 42 
ARH-2074B Jun-71 546 532 542 536 151 543 1 0 6 42 
ARH-2074C Sep-71 546 532 542 536 151 543 1 0 6 42 
ARH-2074D Dec-71 541 532 542 211 151 543 1 0 6 42 
ARH-2456A Mar-72 288 334 540 376 150 542 1 0 6 42 
ARH-2456B Jun-72 289 266 540 376 172 543 1 0 6 42 
ARH-2456C Sep-72 289 266 540 376 174 543 1 0 6 42 
ARH-2456D Dec-72 260 271 530 376 172 532 1 0 6 42 
ARH-2794A Mar-73 260 270 529 376 172 532 1 0 6 42 
ARH-2794B Jun-73 261 270 529 376 172 531 1 0 6 42 
ARH-2794C Sep-73 299 516 505 376 172 531 1 0 6 42 
ARH-2794D Dec-73 513 516 504 376 171 531 3 1 7 44 
ARH-CD-133A Mar-74 514 515 504 376 171 530 3 1 7 44 
ARH-CD-133B Jun-74 514 515 504 376 114 530 3 2 8 44 
ARH-CD-133C Sep-74 515 516 504 376 115 530 3 2 8 44 
ARH-CD-133D Dec-74 513 516 505 376 114 532 3 2 7 44 
ARH-CD-336A Mar-75 450 516 505 376 114 483 4 2 7 44 
ARH-CD-336B Jun-75 450 516 505 376 114 483 4 2 8 44 
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Table 6-2 Waste Volume Stored in 241-C Farm Single-Shell Tanks 
April 1952 through December 1980 (Kgal) 

Reference Tank C-107 C-108 C-109 C-110 C-111 C-112 C-201 C-202 C-203 C-204 
ARH-CD-336C Sep-75 255 516 142 268 114 194 4 2 8 44 
ARH-CD-336D Dec-75 255 87 62 268 114 109 4 2 8 44 
ARH-CD-702A Mar-76 257 76 62 233 73 109 4 2 8 44 
ARH-CD-702B Jun-76 257 76 62 211 62 109 4 2 8 44 
ARH-CD-702I Sep-76 257 65 62 211 62 109 4 2 8 44 
ARH-CD-822-OCT Oct-76 257 65 62 211 62 109 4 2 8 44 
ARH-CD-822-NOV Nov-76 257 65 62 211 62 109 4 2 8 44 
ARH-CD-822-DEC Dec-76 257 65 62 211 62 109 4 2 8 44 
ARH-CD-822-JAN Jan-77 257 65 62 211 62 109 4 2 8 44 
ARH-CD-822-Feb Feb-77 257 65 62 211 62 109 4 2 8 44 
ARH-CD-822-MAR Mar-77 257 65 62 211 62 109 4 2 8 44 
ARH-CD-822-APR Apr-77 252 65 62 211 62 109 4 2 8 44 
ARH-CD-822-MAY May-77 252 65 62 211 62 109 4 2 8 44 
RHO-CD-14-JUN Jun-77 249 65 62 211 62 109 4 2 8 44 
RHO-CD-14-JUL Jul-77 249 65 62 211 62 109 4 2 8 3 
RHO-CD-14-AUG Aug-77 332 65 62 211 62 109 4 2 8 3 
RHO-CD-14-SEP Sep-77 450 65 62 211 62 109 4 2 8 3 
RHO-CD-14-OCT Oct-77 279 65 62 211 62 109 4 2 8 3 
RHO-CD-14-NOV Nov-77 337 65 62 211 62 109 4 2 8 3 
RHO-CD-14-DEC Dec-77 367 65 62 211 62 109 4 2 8 3 
RHO-CD-14-JAN Jan-78 464 65 62 211 62 109 4 2 8 3 
RHO-CD-14-FEB Feb-78 340 65 62 211 62 109 4 2 8 3 
RHO-CD-14-MAR Mar-78 340 65 62 211 62 109 4 2 8 3 
RHO-CD-14-APR Apr-78 340 65 62 211 62 109 4 2 8 3 
RHO-CD-14-MAY rt not d May-78 Repo  locate
RHO-CD-14-JUN Jun-78 340 65 62 211 62 109 4 2 8 3 
RHO-CD-14-JUL Jul-78 340 65 62 211 62 109 4 2 8 3 
RHO-CD-14-August 1978 Aug-78 337 65 62 211 62 109 4 2 8 3 
RHO-CD-14-September 1978 Sep-78 337 65 62 211 62 109 4 2 8 3 
RHO-CD-14-October 1978 Oct-78 337 65 62 211 62 109 4 2 8 3 
RHO-CD-14-November 1978 Nov-78 337 65 62 211 62 109 4 2 8 3 
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Table 6-2 Waste Volume Stored in 241-C Farm Single-Shell Tanks 
April 1952 through December 1980 (Kgal) 

Reference Tank C-107 C-108 C-109 C-110 C-111 C-112 C-201 C-202 C-203 C-204 
RHO-CD-14-December 1978 Dec-78 337 65 62 211 62 109 4 2 8 3 
RHO-CD-14-January 1979 Jan-79 337 65 68 213 62 109 4 2 8 3 
RHO-CD-14-February 1979 Jan-79 337 65 68 213 62 109 4 2 8 3 
RHO-CD-14-March 1979 Mar-79 337 65 68 213 62 109 4 2 8 3 
RHO-CD-14-April 1979 Apr-79 337 65 68 213 62 109 4 2 8 3 
RHO-CD-14-May 1979 May-79 337 65 68 213 62 109 4 2 8 3 
RHO-CD-14-June 1979 Jun-79 337 65 68 213 62 109 4 2 8 3 
RHO-CD-14-July 1979 Jul-79 337 65 68 213 62 109 4 2 8 3 
RHO-CD-14-August 1979 Aug-79 337 65 68 213 62 109 4 2 8 3 
RHO-CD-14-September 1979 Sep-79 337 65 68 213 62 109 4 2 8 3 
RHO-CD-14-October 1979 Oct-79 337 65 68 213 62 109 4 2 8 3 
RHO-CD-14-November 1979 Nov-79 337 65 68 213 62 109 4 2 8 3 
RHO-CD-14-December 1979 Dec-79 337 65 68 213 62 109 4 2 8 3 
WHC-MR-0132 Mar-80 337 65 68 213 62 109 4 2 8 3 
WHC-MR-0132 Jun-80 337 65 68 213 62 109 4 2 8 3 
WHC-MR-0132 Sep-80 337 65 68 213 62 109 4 3 9 3 
WHC-MR-0132 Dec-80 337 65 68 213 62 109 4 1 9 3 
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Table 6-3. Potential Waste Losses Through Spare Inlets on WMA C SSTs 
Tank Date Waste Type Present in Tank 
C-101 June 1965 – December 1967 Received waste from CR Vault.  Tank 

contains CR Vault waste (28kgal), 

Waste (CWP2) (94kgal). 
PUREX P2 (452kgal), and Coating 

C-103 October 1953 – March 1957 Tributyl Phosphate Plant (TBP) Waste 
 June 1961 – December 1961 PUREX CWP2 

C-104 August 1958 PUREX CWP1 
 June 1965 – March 1966 After receiving 15,000 gallons of 

unknown waste type (likely PUREX 
P2 based on RL-SEP-332, page B-2) 

from 244-CR Vault, the tank was filled 
above the spare inlets.  Majority of waste 

nk is PUREX CWP2 

CW

in ta
C-105 Pre-October 1967 Waste type unknown; soil contamination 

found beneath spare inlet nozzles during 
excavation in October 1967 

C er -106 Novemb 1951 Water added to metal waste (MW2) 
C-106 December 1965 – March 

1966 
PUREX P2 HLW supernate 

C 1 -109 June 196 – December 1961 PUREX CWP2 
 June 1965 – March 1968 Tank received 19,000 gallons from 201-C 

Sr Semiworks (HS).  Tank contains 
000 gallons of evaporator bottoms 

CWP2, and 142,000 gallons of Sr 
Semiworks waste (HS). 

1
(BT-SltCk), 300,000 gallons of PUREX 
12,

C-111 May 7 195 TBP Waste 
 September 1957 Scavenged 242-B BT-SltCk waste (i.e. 

concentrated 1C/CW and TBP wastes) 
C er -201 Decemb 1955 – January 

1956 
C Hot Semiworks waste from 

PUREX flowsheet tests (Note: this is not 
June 1961 – June 1963 

201-

waste type HS). 
C 19

7 
-202 Jan

Jun
ua
e 

ry 
195

57 
– O

– M
cto

a
be

rch
r 1

 19
95

57
8 

 

June 1961 – December 1963 

C Hot Semiworks waste from 
EX flowsheet tests (Note: this is not 

waste type HS).  Last waste transferred 
into tank was 201-C building flush 
solutions. 

2
P
01-
UR

C-204 March 1968 – March 1970 201-C Hot Semiworks waste from 
PUREX flowsheet tests (Note: this is not 

ions. 
waste type HS) and 201-C building flush 
solut
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6.3 
 
Several pipelines in the WMA C are h s.  
Table 6-4 identifies eleven pipelines in WMA C t
failed.  The date the failure was detected, the waste type and the volum t 
was leaked to the soil (if known) are listed in Ta es (UPRs) 
have been identified for som pelin
the fai d pipel cr , vault, or pipeline 
encasem t.  T these concrete stru ed with a chemically 
resista  paint. the co
unknown.  It is not known whether waste leaked
 
Seven potential tank waste loss events not previously reported in DOE/RL-88-30, 
revision 16 are identified in Table 6-4.  These p
 

ure une 1964),  
• Possible failure of un-number pipeline from

to tank 241-C-103 (November 1964) 
EX nsfer pipeline 

brua ould not be 
determi m available information, 

ure ), 
• ailure rsion
• Failure of pipeline V103 (pre-1988),  
• Failure of pipeline V112 (date unknown) 

 
A Field Investigation Report for Waste Managem 4) 
was completed in 2007 and investigated unplan ingle-shell tank 
(SS C-10 0-E-86 (pipeline V10 re) and UPR-200-E-81 
(unnam d pipel reader is direct
additional information on these three UPRs. 

Suspect Pipeline Waste Loss Events 

 known to ave failed while transferring tank waste
hat are known or suspected to have 

e of waste tha
ble 6-4.  Unplanned releas

e of the failed pi es listed in Table 6-4.  In some cases, 
le ine was contained within a con ete diversion box

en he surfaces of ctures were coat
nt  However, the integrity of atings and concrete structures are 

 from these concrete structures.   

otential waste loss events resulted from: 

• Fail of pipeline V172 (J
 241-C-801 Cesium Loadout facility 

• PUR  coating waste tra failure in diversion box 241-CR-151 
(Fe ry 1965); pipeline number was not pr

ned fro
ovided in reference and c

• Fail of pipeline 8041 (March 1965
F of a flexible jumper in dive  box 241-CR-152 (May 1966),  

ent Areas C and A-AX (RPP-3548
ned waste releases from s

T) 241- 5, UPR-20 8/V812 failu
e ine failure).  The ed to this field investigation report for 



RPP-ENV-33418 Rev. 1 

Table 6-4. Failed Pipelines in WMA C 
Date Waste Type (1) Waste 

Discharged 
(Gallons) 

 re  (2) Event Description Refe nces

6-1964 HS - 201C 
Strontium 

Semiworks Waste 

No estimate nd n 12
d  fa a
pr

in

-2 , 
 

“The undergrou
failed.  The faile
establish a new 
 
The failed pipel

 pro
pipe
oces

e is l

cess
line
s ro

ine 

 lin
 wa
ute.

V1

e fr
s is
” 

72. 

om the 252
olated.  Ju

-C dive
mpers w

rsio
ere

box to 1
bricated 

 tank, C Tank farm, 
nd installed to 

RPP-RPT
page 115

9191

11-1964 Cesium Depleted 
PUREX HLW 
Supernate (P1) 

No estimate co u ro
 B

2- s t ut
 t e ff
ab 10

-2 , 
 

Installation was 
Cesium Loadout
 
See drawing H-
of this piping.  A
SST C-102 to en

mpl
uild

4574
hree
le r

eted
ing 

, Pr
-wa
outi

 on
to T

oce
y ba
ng 

 an 
an

ss &
ll v

wast

alternative 
k 103-C. 

 Service P
alve was i
e to SST C

effluen

iping T
nserted 
-103 o

t ret

ank
in th
r C-

rn route f

o Loado
 801-C e
2.   

m the 801-C 

 Station for details 
luent return line to 

RPP-RPT
page 115

9191

2-1965 PUREX CWP2 No estimate , oo  a
 t d q
e ing u

t te - si  D
d  02- m ater m
d in and sn ontrib he d lev va
0 3 sumps  been  a e 011 b
0  liquid is  pum  t 1 Tan k 
T
 
I blish a co waste fr he Pur t to
F  also disc d in t g  line to

Because e two  leaks in this line it has 
b  

-2 , 
 

pproximately the 
uid level by jetting 
ted to a failure in 
rainage from this 
pler flush line and 
ult.  To date, the 

eing emptied, to the 
103-A in the 241-A 

 the 241-C Tank 
 the 152-A 
been abandoned as 

RPP-RPT
page 116

9191“On February 18
level of the tank
the solution to th
he coating was
iversion box co
rainage from ra
01, 002, and 00
11 Tank.  This
ank Farm.  

n trying to esta
arm a leak was

Diversion Box.  
eing unusable.”

1965
ops.  
 011
 line

llects in

 the
Im
 Tan
 w

 24
med

k.  
hich 
the 0
ow c
have
being

ating 
overe
of th

4-C
iate
Par
ent

R Vault w
 steps were
tial cause o
ers the 151
CR vault su

uted to t
emptied,
ped from

 routing 
he under
apparent

as foun
 taken 
f the fl

CR d
p.  W
 liqui
nd th
he 01

om t
round

d fl
to re
ood
iver

ded up to
uce the li
 is attrib
on box. 
from a sa
el in the 
sump is 
k to Tan

ex Plan
adjacent 

3-1965 PUREX CWP2 No estimate “ ise in Ta 3-C, t m ank, r
f  encasem etwee 2- iversi nd
p g waste f he Pu t t k into se
T 02-C, an C via p pits.  wa
t line to Tank 102-C rt aks h  
c lution accumulated in Ta 10 did no ificantly aff

ing ility as a cask was load orma llowi e incident.” 

-29191, 
 

A liquid level r
ailed line in the
ermitted coatin
anks 101-C, 1

hrough a spare 
oating waste so

load  capab

nk 10
ent b
rom t

d 103-

he cesiu
n the 15
rex Plan
 the tank 
and no fu

nk 
ed n

 feed t
CR d
o lea
ump 
her le
3-C 

lly fo

was appa
on box a
 the enca
Coating 
ave been
t sign

ng th

ently caused by a 
 Tank 102-C which 
ment and drain to 
ste has been routed 

detected.  The 
ect cesium 

RPP-RPT
page 116

Page 130 of 222 



RPP-ENV-33418 Rev. 1 

Table 6-4. Failed Pipelines in WMA C 
Date Waste Type (1) Waste 

Discharged 
(Gallons) 

Event Description References (2) 

 
Note: Pipeline 8041 inside a concrete encasement was used to route the PUREX CW to 
SST C-102 (see drawing H-2-44501, sheet 92).  This encasement traverses from 

iversion box 241-CR-152 alond g the west side of SSTs C-101, C-102, and C-103.  In 
 into SSTs C-101, C-102, and C-103, the encasement 

line 8041 is out of service.  Pipeline 8041 

order for the PUREX CW to drain
containing the failed transfer pipeline must have partially filled with waste.  The 
integrity of this encasement is unknown and may have leaked waste to the soil.  
Drawing H-2-2338, sheet 45 indicates pipe
connects from nozzle U-3 in the 241-CR-152 diversion box and nozzle U-2 in pit 02C 
atop SST C-102. 

5-1966 PUREX CWP2 No estimate 
 

 

RPP-RPT-29191, “A leak in the PUREX coating waste route (152-CR diversion box) was detected by an 
abnormal liquid level increase of the 002CR vault sump.  The leaking flexible jumper
in the 152CR diversion box was replaced.” 
 
Note: Diversion box 241-CR-152 and 244-CR Vault sump are concrete structures with
painted surfaces.  It is uncertain whether leaked waste was contained inside diversion 
box 241-CR-152 and 244-CR Vault sump. 

page 118 

Pre-1988 PUREX P2 
supernate 

No estimate 

re sound: 

 

.  

Environmental 
Protection Deviation 
Report 87-10, page 4 

Pipeline V-103 - “Earlier investigations of the extremely high levels of contamination 
found between Tanks 104-C and 105-C are described in reference (10).  The following 
observations were documented at the time and were the bases for the conclusion that 

oth tanks web
 

The fill line V-103 was stated to have been abandoned at an earlier date due to
pipeline leakage, and the activity noted in DW 30-03-02 could have been due 
to migration of pre-existing contamination that was first seen in the exploratory 
scans.  This line was part of the old PUREX supernate (PSN) transfer route 
from Tank 241-AX-101.  The material was thermally hot, and water injection 
was required to maintain a temperature below 60oC.  The cause of failure was 
believed to have been due to thermal shock induced by the intermittent 
transfers. 

 
In-tank photographs failed to show any evidence that either tank was unsound
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Table 6-4. Failed Pipelines in WMA C 
Date Waste Type (1) Waste 

Discharged 
(Gallons) 

Event Description References (2) 

However, the Tank 241-C-105 photos indicated that the tank had been filled to 

nk 
m 

a level above that of the cascade and sidefill pipelines.  The possibility of 
leakage through the wall penetration seals was discussed. 
 

The liquid levels in Tank 241-C-105 and -104 remained at a high level for almost six 
months after the first exploratory well scans, and the observed activities, including that 
in DW 30-03-02, had remained stable throughout, whereas seepage from either ta
would normally have been seen as steadily increasing radiation at the 35 to 41 feet far
excavation depth.  The activity at this depth however has diminished in all wells since 
1974.” 

Unknown 7 Unknown No estimate Line V112 is identified as a leaker adjacent to diversion box 241-C-151.  The date and 
amount of waste leaker from this pipeline is unknown. 

RPP-25113, page 

Notes: 
(1) Waste types are defined in RPP-26744, Hanford Soi
(2) The UPRs listed above have been combined with . 
(3) PSS - Supernate from washing sludges in tank far

l Inventory Revision 1. 
UPR-200-E-133, Contaminated Soil at C Farm per DOE/RL-88-30, revision 16, page 665
ms or 244-AR Vault. This waste type is not defined in RPP-26744. 
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6.4 241-C-801 Contaminated Dry l 
 
Waste discharged to the contaminated drywell associated with the 241-C-801 building is 
technically not an unplanned release.  However, it is worth noting that this drywell is a potential 
source of conta ation in ity of WMA
 
The 241-C-801 building 61 thr h 1968 to load cesium and occasionally 
technetium ont s co e ange m rial (Letter 7G400-03-SMM).  A cask would 
be staged in the -8 n nnect o waste transfer piping at a shielded 
enclosure within the 241-C-801 building.  Tank waste (PUREX P1 and P2) was transferred from 
SST C-103 thr de n  a valv it located inside 241-C-801.  The tank waste 
would then flow into the cask, the target radionuclide would be absorbed by the ion exchange 
material, and then waste would flow back to SST C-102.  The cask loading area within the 241-
C-801 building a ct  to the  pit.  The valve pit and cask loading area 
have separate d e to m fence 
(drawings H-2- d T  w cated approximately 23 meters (75 feet) 
north of the 24  b id tank  fence (DOE/RL-88-30, rev. 16, page 
659).    
 
No record was h f ion on the volume and types of wastes potentially 
discharged to t e w REX P1 and P2 waste types along with 
decontaminatio n

wel

min

o cask
 241-C

ough un

 has a dr
rains lin
4573 an
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located t
his dryw
n solutio

the vicin

 was used from
ntaining ion 
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rground pipi

in line conne
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uilding; outs
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ll.  An unkno
s may

 C. 

oug
ate

ed t

e p

 va

ell 
 fa

 of

 19
xch
d co

g to

ing
 a drywell located outside of the tank far

his dry
e the 

ormat
n amount

lve

is lo
rm

 PU
 have b

ring Data 

rmation in C-
 are summarize
00).  Figure 6-2

e cha o this drywell as a result of operations 
conducted at the 241-C-801 building. 
 

6.5 Drywe o
 
Drywell monitor F a ed to identify other areas of potential 
contamination.  Log data  to the C Tank Farm Report (GJO-
HAN-18, September, 20 id ualization of 60Co contamination that 
appears to originate from two locations: the vicinity of tanks C-104/105 and tanks C-108/109. 
The contamination is depicted as migrating laterally and downward in the east northeasterly 
direction.  SGE measurements (Figure  als e low resistivity plumes in the C-104/105 
area and northwest of C-108. 
 
60Co is not a significant contaminant of concern (COC), but it acts as a useful tracer for 
contaminant movement in the vadose zone, sin  be readily detected through steel casing. 
60Co is relatively mobile in the subsurface and rves as a surrogate for COCs such as 
99Tc, which are impossible to detect in vad  with logging methods in cased boreholes. 
The appearance and rising levels of 99Tc in groundwater samples in the vicinity of C Farm is 
evidence of on-going migration from the vadose zone. 
 
Figure 6-4 is a plan view of tanks and borehol arm. Two cross-sections are included as 
Figures 6-5 and 6-6 that show contamin n a ed with spectral gamma logging and 

en dis

arm w
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moisture data, where available, to determine possible relationships with boreholes in the down 

02 

ges in contaminant profile have occurred 
ver the last thirty years in several pulses. The figure shows the change that occurred between 

hole 

.  

grained 

f 
ole at an elevation of 520 ft (130 ft bgs).   

s found at greater depths in this direction. 

If a contaminant inventory is to be determined consistent with that of past leak assessments (i.e., 
it must be determined what the source may be (i.e., tank leak 

r cascade line leak). It appears from the log data the C-108/109 area may be the result of a tank 
on 

 in 
hs 

 at 

e need for further investigation to define the sources in both areas 
nd find the Cs that likely lies near the origin of a leak. 

 
reholes from the tank and cascade line 

ould cause a gross underestimation of the contaminant profile using the current log data.  

 

dip direction of the two potential sources.  
 
Cross-section A-A’ (Figure 6-5) shows significant 60Co contamination in borehole 30-08-
beginning at an elevation of approximately 600 ft (about 50 ft bgs).  Contamination was first 
noted at this depth approximately 30 years ago. Chan
o
1997 and 2004; changes were last noted in the pre-retrieval monitoring for tank C-108.  Bore
30-06-10 also shows an influx of contamination since 1997 to the bottom of the borehole.  It is 
likely the contamination continues to increase at depths below the bottom of the borehole
Additionally, pre-retrieval monitoring around tanks C-108 and C-109 indicate possible 
movement in boreholes 30-09-07 and 30-09-06.  It is believed contamination in these boreholes 
is related and likely originated from the same source. 
 
The contamination may have originated on the northwest side of tank C-108 where the low 
resistivity anomaly is located.  It migrates downward in the vicinity of 30-08-02 to a fine-
layer at approximately 570 ft in elevation.  From there, it moves laterally to the east, following 
the dip to the vicinity of 30-06-10, where it is observed to be moving downward, below TD o
the boreh
 
Figure 6-6 indicates the contaminant profile near tanks C-104 and -105 that appears to originate 
from the cascade line. The stratigraphic dip is interpreted using moisture data that typically 
increases in thin, fine grained, sediment layers. As in Figure 6-5, the dip appears to be east 
northeast and the 60Co contamination i
 

based on 137Cs concentrations) then 
o
and the C-104/105 area may be the result of a cascade line leak.  Figure 6-7 shows a comparis
of log data acquired from two boreholes which lie near the cascade lines from both areas.  It is 
noted in borehole 30-04-03 that 60Co appears at a depth where the cascade line is located and
30-08-02 a direct connection cannot be made as there is no contamination exhibited in the dept
between the cascade line and the 60Co contamination.  However, there is 137Cs contamination
the cascade line elevation for both tanks.  This evaluation should not be considered a definitive 
conclusion but may suggest th

137a
 
Finally, Figure 6-8 is provided to indicate log data for a presumed cascade line leak in B Farm.  
It is included to show a cascade line leak can be significant in terms of leak volume and 
inventory. It is likely that drillers tended to avoid drilling close to cascade lines or tank walls. 
Thus, boreholes may not be close enough to the tank walls where it is presumed cascade lines
would back up and perhaps spill. The distance of the bo
c
Additional investigation may be required to determine the proper designation and the volume 
and inventory of the tank waste in the vadose zone from these sources. 
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.   A rough calculation was made to estimate the 
agnitude of Cs inventory present in the top 15-ft of soil present in the 241-C Tank Farm.  

of 

ately 177,900 MT (3,696,000-ft  * 
.028317 m / ft  * 1.7 MT/m).  Using a Cs concentration of 100 pCi/gm, the 137Cs inventory is 

 15-

Figures 6-9, 6-10, and 6-11 provides a visualization of the general level of 137Cs contamination 
present near surface in the 241-C Tank Farm

137m
The calculated 137Cs inventory can then be used along with waste types in the Soil Inventory 
Model to estimate a range of waste volumes and COCs that may be present in the near surface 
soil. 
 
The 137Cs concentration is generally less than 100 pCi/gm in the top 15-ft of soil in 241-C Tank 
Farm.  The area encompassed by the tanks in the farm is approximately 440-ft (10-ft north of 
tank C-201 and 50-ft south of tank C-101) by 560-ft (fence to fence distance).  The volume 
soil at a depth of 15-ft in this area is approximately 3,696,000-ft3, ignoring the in volume of the 
in-ground structures such as encasements, pipelines, etc.  Assuming the soil density is 
approximately 1.7 MT/m3, the mass of soil is approxim 3

3 3 1370
approximately 17.8 Ci (100 pCi/gm * 1E-12 Ci/pCi * 177,900 MT *1E+6 gm/MT) in the top
ft of soil in the 241-C Tank Farm.
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Figure 6-2 Visualization of 60Co Contamination in 2

 

41-C Farm 
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Figure 6-3 C Farm SGE Measurements 
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Figure 6-4 Drywells Located in 241-C Farm 
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Figure 6-5 Contamination Present in Cross-section A-A 
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Figure 6-6 Contamination Profile near Tanks C-104 and C-105 
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Figure 6-7 Drywells nearby Cascade Lines for Tanks C-108 and C-104 
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Figure 6-8 Drywells Cascade Lines for Tanks B-106 and B-110 
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Figure 6-9 Visualization of 137Cs Contamination at 2-ft below ground 
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Figure 6-10 Visualization of 137Cs Contamination at 8-ft below ground 
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Figure 6-11 Visualization of 137Cs Contamination at 18-ft below ground 
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6
 
.6 Recommendations for Future Vadose Zone Investigations 

Based on the SGE data and the documented pipeline leaks, it is recommended that further 
investigation of the following areas be conducted to further quantify subsurface contamination: 
 

• Areas between tanks C-102 and C-105, between tanks C-104 and C-105, and between 
tanks C-101 and C-104 

o Pipeline 8041 used to transfer PUREX coating waste to tank C-102 failed in 
March 1965, causing waste leakage into a concrete encasement traversing from 
diversion box 241-CR-152 to tanks C-101, C-102, and C-103.  Waste from this 
encasement then flowed into tanks C-101 and C-103 through the annulus of 
connecting pipelines.  This concrete encasement traverses along the north side of 
these tanks.  The relatively low areas of resistivity (Figure 6-3) in the region 
between tanks C-102 and C-105 and area between tanks C-101 and C-104 may be 
due to PUREX coating waste loss from this concrete encasement. 

o C-102 has no boreholes around it that may intersect contaminated soils. Some 
push-mode hole-drilling should be considered around this tank to investigate 
potential contamination. 

 
• The drywells associated with the C-801 loadout facility should be further investigated to 

quantify potential discharges. 
 

• There are no drywells around the C-200 series tanks.  The soil around the C-200 series 
tanks be further investigated to quantify potential discharges. 

 
• The soil around 244-CR vault  

o The vault is concrete structure with painted surfaces.  The vault was flooded 
several times with waste, which may have leaked to the surrounding soil. 

 
• Relatively low areas of resistivity in the region between tanks C-1082 and C-109  

o Tank C-109 was filled with waste above the spare inlet nozzles for an extended 
period of time (see Table 6-3).  The relatively low areas of resistivity (Figure 6-3) 
in the region between tanks C-1082 and C-109 may be due to leakage from the 
spare inlets on either of these tanks, an unknown pipeline leak, or an unknown 
tank leak. 
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MEETING SUMMARY 

rom: J. G. Field, CH2M HILL Hanford Group, Inc 
Phone: 376-3753 
Location: Ecology Office, 
Date: March 6, 2007 
Subject: Tank Farm Leak Evaluation  
 
To:  Distribution/Attendees 
 
Attendees: Joe Caggiano, ECOLOGY 
Jim Field, CH2M HILL 
  Les Fort, ECOLOGY 
  John Harris, CH2M HILL 
  Michael Johnson, CH2M HILL 
  Jeffery Lyon, ECOLOGY 
   
   
PURPOSE: 
 

1. Assess Tank C-101 leak inventory 
 
Review of Previous Meeting Summary: 
The 2/15/07 meeting summary was reviewed and approved w/minor changes to previous 
comments.  It was noted that previous comments still need to be incorporated to the leak process 
document. 
 
Assessment of Tank C-101 Leak Inventory 
 
A Draft Appendix A for the process document (RPP-32681) was distributed for discussion lead 
by Mike Johnson.   
 
Participants agreed that the Appendix should be retitled to “Tank C-101 Assessment Information 
Example.”  Appendix A will not provide an example of a complete assessment, only information 
presented for the assessment. 
 
After discussion the need for additional evaporation information and heat load calculations was 
noted.  Both Fluor and Nuvotech have estimated evaporation for C-101 based on heat load 
calculations.  Temperature data for the tank at the time of the leak was not available.  A drawing 
showing the tank and riser configurations was also requested. 
 
Little information was presented for waste composition other than to note the basis for the waste 
type at the time of the leak.  Participants agreed to use Soil Inventory Model composition 
estimates to estimate inventories.  These will be discussed more as needed in the next meeting. 

 
 
F
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MEETING SUMMARY 

rom: J. G. Field, CH2M HILL Hanford Group, Inc 
hone: 376-3753 

2007 
uation  

ichael Connelly, CH2M HILL 

L 

ssess Tank C-101 leak inventory 

eview of Previous Meeting Summary: 
reviewed and approved. 

ssessment of the C-101 tank leak inventory continued. 

n update to the C-101 Information Example in Appendix A of the Tank Leak Inventory Process 

he attached comments from Joe Caggiano were discussed.  All comments were accepted.  

rawings and figures in Appendix A will be enlarged to make them more legible.   

iscrepancies in leak levels reported in a 1980 tank integrity assessment were discussed.  

wn. 

 
F
P
Location: Ecology Office, 
Date: March 20, 
Subject: Tank Farm Leak Eval
 
To:  Distribution/Attendees 
 
Attendees: Joe Caggiano, ECOLOGY 
M
Jim Field, CH2M HILL 
  Les Fort, ECOLOGY 
  Michael Johnson, CH2M HIL
  Bob Lober, ORP 
Jeffery Lyon, ECOLOGY 
   
   
PURPOSE: 
 
A
 
R
The March 6, 2007 meeting summary was 
 
Assessment of Tank C-101 Leak Inventory 
 
A
 
A
Plan (RPP-32681) was distributed before the meeting. 
 
T
Clarifications will be added to the text regarding comment 3, “tank capacity.”  The 546,000 
gallons is not a typo, it exceeds the operating tank capacity, but is below the top of the liner. 
 
D
 
Discussion then focused on Table 1, attached.  This table summarizes C-101 tank leak 
information included in Appendix A of the leak evaluation process report (RPP-32681). 
 
D
Estimates appear to range from 10,000 to 24,000 gal.  The reason for the differences and why 
liquid level decreases before 1968 were not discussed in the 1980 evaluation remain unkno
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The data shows there was a 36,000 gallon liquid level decrease in the tank between January 1965 
nd September 1969.  The source of the leak could be a spare inlet port, the cascade overflow 

ay have only been partially plugged), a 
ed to decrease below the level spare inlet 

the condenser shown in the drawings and period 
hs w n though there was sufficient heat load in the tank to 

 would have been condensed back to the tank and the 
he  not have been due to evaporation.  There is no 

ontamination near the condenser or any indication the 
f the liquid level decrease. 

with a 20,000 to 36,000 gal 
e leaked waste volume was not only PUREX 

  A sample from tank C-101 taken in 1969 
. 

ficient data available to establish a minimum range or leak mass for tank C-101.  
0 gallons.  The mass of the C-101 leak is in question.  The 

ease, as contained in RPP-23405, is indefensible and agreed, 
ave the estimated leak volume at 20,000 gallons as in 

 the 20,000 gallon leak 
 on unspecified evidence or 

.  Therefore, assessment attendees accept the 
itial SST Performance Assessment as a starting 

changed until more data is obtained.  
n in Table.2, attached. 

a
line to tank C-102 (although reported as plugged, it m

vaporation.  The liquid level continutank leak and/or e
port (17 ft 4 in).   
 
Some evaporation may have occurred, but if 
hotograp ere operating as expected, evep

evaporate the supernate, evaporated liquid
ajority of t  liquid level decrease couldm

evidence to indicate there was significant c
the time ocondenser was not functioning at 

 
The low activity found in drywells near the tank is inconsistent 
PUREX supernate leak.  One possibility is that th

port this.waste.  However there is no data to sup
f 3.85 Ci/galshowed a Cs-137 content o

 
Conclusion 
 

here is insufT
The upper range appears to be 36,00
roup agreed that a 1,000 gallon relg

for lack of better supporting evidence, to le
Hanlon.  Based on the four organizations assessing the data in 1980,

olume estimate apparently represents a compromise estimate basedv
evaluation that is not documented in the record
ensitivity assumptions and modeling in the Ins

point for risk evaluations.  These estimates should not be 
cology’s response to the C-101 leak assessment is showE

 
NEXT MEETING AGENDA ITEMS 

ank C-110 Leak Assessment T
 
ACTIONS: 
J. Field:  Prepare and distribute 3-20-07 Meeting Summary 

. Johnson:  Prepare C-110 Tank Leak information M
J. Field:  Submit RPP-32681 to  Ecology for Review 
. Field:  Prepare C-101 Inventory Assessment Report J

All:  Review C-110 Information 
 
 
NEXT MEETING:   
Date:  March 27, 2007 
Time:  3:00-4:30 

ocation: ECOLOGY Office L
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Attachments 
 
From: Caggiano, Joseph (ECY) [Jcag461@ecy.wa.gov] 
Sent: Tuesday, March 20, 2007 11:07 AM 
To: Field, Jim G 
Cc: Harris, John P III; Johnson, Michael E; Fort, Les 

r at certain depths that may 
orrespond to potential releases from poorly sealed pipes at these locations. 

0 

e could read them.  To my old eyes, they are just a blur.  
o, suggest either enlarging them or deleting them if they serve no value. 

also less than desirable in Fig 4, the drywell logs.  While one can see a general profile, the 
cale at the bottom reflecting pCi/g units is illegible, so the quantitative assay value of the logs is lost. 

Subject: RPP-32681 
 
Jim,  
Some comments after a quick read through Appendix A of the subject document:  
1) The tank schematic of Fig. 1is a good addition.  For purposes of interpreting the geophysical logs, it 
would be beneficial to have an elevation or depth below surface of the various lines running from 

iversion boxes to tanks and between tanks, as peaks in the logs tend to occud
c
2) PSN waste (pg. 35) is not in Table 6-1.  Was this an oversight, and were other waste types not 
included?  
3) On pg. 35, top line, 546,000 gals in the tank would exceed tank capacity which is listed as 530,00
gals.  Is this correct or a typo? 
) Figs. 6 and 7 would be good additions if on4

S
5) Legibility is 
s
Overall, I feel that the document is progressing nicely and should be able to be released soon.  We can 
talk more about this in our meeting this afternoon. 
 
Joe  
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Table 1.  C-101 Tank Leak Information 
 When  Amount Range (gal) Possible sources Comments 
Current 
"Hanlon
estimate   20,000 liquid level decrease  

Average based on 1980 
team findings 

" 
  1980

liquid lev
decreas

8,000 
se 36,000

spare inlet leak, leak, 
evaporation PUREX  

el 
e  

Jan 65-Sept 
69 

574,000 to 
53
decrea

Jan 1968 to from 194.5 to 
4 in decrease 

Dec 1969 190.5   11,000   1980 tea
findings 
 
 
 

00 

is 20,000 gal 

m 

Jan 1968 to 

Basis for 17,0
unknown. 
Ave. of 17,000 and 

Dec 1969  17,000 to 24,000 on p.4 RHO-CD-896 24,000 

Surveillance Na  24,000   
Process 
Control 

,000 
Na  10,000-24,000  unknown. 

Basis for 10

drywell d
 
 
 
 
 
 

 
 

 
 

 such 
as SX-108 and T-
106. 

 
 
 

also in 
3 ft.  

cayed 
to < 200 c/s by 1979 
 
 

ata  1970-79 
 

c/s 29-36 ft 
bgs 

indicates minimal 
contamination at 

01-09 
 Contamination 

max 17,000 Found 1970 in drywell 30-

 
 
 

 
 
 

drywell.  
Inconsistent with 
leak events

 
 

30-01-06 at 7
Contaminants de

SGE data  
 

obtained 
2006   

shows resistivity anomaly 
NW of C-101 around C-104 

Anomaly NW of spare 
inlet ports 
 

Evaporation 
 
 
 
 
 
 

Jan 65-Sept 
69 
 
 
 
 
  

0-30,500 gal 
 
 
 
 
 
 

Heat load calcs show pot 
550 gal/month or 30,500 in 
56 mo. 
 
 
 
 
 

Condensers on tanks. 
Amount of evaporation 
that actually occurred is 
unknown.  No temp 
data, but sources show 
potential 180 F temp. 

 Tc 0.22 Ci  
 Cs-137 852 Ci  
 Sr-90 7.7 Ci  

Soil 
Inventory 
Model 
Estimates 
for 1000 gal  Cr 1.5 Kg  

   

0-36,000 possible 
leak volume 
range   

   average?   
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Table 2.  Ecology’s response 
 
Criteria 
valuated 

Acceptable data 
set 

Basis Comment 

to C-101 Leak Assessment: 

e
Range of valu 10,000 gallons 

to 36,000 gallon 
l

Max- b  i
measurements 
Min – T r
Contrac c
organization determined a 
minimu m ; reported 
in the leak assessment 
report. 

tank dr
indicates low mass of 

inants; SGE 
indicates plum  
near tank located near 
tanks C-104 and C-105  

es:   

eak 

ased on n tank level C-101 

ank Fa
tor Pro

m 
ess Control 

contam

m volu e

y well 

e in area

recom
value, to be used 

n odeling 

SST PA Base 
Case or other 

 
Assessments:  
 

 
 
20,000 gallons* 

Conclusion of previous 
nt

compro a reflects 
the uncertainty of the data 

d 

Soil informati
istent w

level loss info ation; C-
102 tank level
used to confir

om tank C-
101; C-101 co
passive ventil
should have m
evaporative lo

mended 

for a y m
reference case, 

Risk

leak assessme s; value is a incons
mise th t 

sets provide

on is 
ith liquid 
rm
s can not be 
m a liquid 

overflow fr
ndenser on 

ation outlet 
inimized 
ss 

Type of Waste: P1  id ntified in 
80 reports; in rmation 

presented in 200
assessment eval

 Type of waste
19

e
fo
7 leak 
uation. 

Tank  Assumed 
Leaker 

Liquid loss and 
n designation: 

drywell  
informatio

Type or location 
of tank leak: 

Unknown, 
information 
implies loss was
below tank 
outlets and 
below plugged 
cascade line 

1980 report; inf  
presented in 2007 leak 
assessment evaluation. 

Liquid level in
drop below pl
cascade line,   

ormation dicated 
ugged 

Concl sion: Tank lea rmation is insufficient to ma initive conclusion of volume or 
 contaminant loss; soil da e and type.

Recommended value is the value pr Hanlon reports that represents an 
unexplained and unexplainable com  that is not well 
docum

u k info ke def
the mass of ta is inconsistent with waste volum

eviously stated in 
promise by the 1980 evaluation team

  

ented. 
Recommendations: (1) Area in vicinity of C-101, C-104, and C-105 requires DQO and further 
soil investigation; (2) further tank assessments necessary to establish relationship of nearby 
plume (C-104/105) to C-101 tank; (3) maintain HNF-EP-0182 volume estimate and notes 
related to C-101  
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MEETING SUMMARY 

 
From: J. G
Phone: 376

. Field, fo up, Inc 

Date:  April 3, 2007
Subject:  Tank Farm  Evaluation  
 
To:  Distribution/Attendees 
 
Attendees: Joe Caggiano, ECOLOG

Jim eld, CH2M HILL
 ECOLOGY 

ch 2M

 

C-101 leak inventory Assessment 
ssess Tank C-110 leak inventory 

ou eting Summa
The March 20, 2007 meeting summary d with changes. 
The main change was to state in the m ions that the assumed waste type 

/ minantly PUREX P1 waste.   

an ak Inv

sessm a ns we
A leak assessment r a n RP he report 
will include C-101 and C-110 initially.  The report will be revised to include assessments for 
other C-Farm tanks and UPRs as they are assessed.  Upon completion of a draft report the 
document will be in itted to Ecology for review and concurrence prior to release. 
 

al 
ed the 

y ORP plans to send the report to the tribes for review. 

ary Table was discussed.  There was no liquid level decrease observed for 
is tank, only an increase of < 250 cps in 1974-1978 gross gamma measurements in drywells 

CH2M HILL Han rd Gro
-3753 

Location:  Ecology Office, 
 
 Leak

Y 
Fi  

 HILL 
  Les
  Mi
 
   
  
PURPOSE: 
 
Wrap up Tank 

Fort, 
ael Johnson, CH

A
 
Review of Previ s Me ry: 

 was reviewed and accepte
eeting summary conclus
SIM waste stream, predofor the tank C-101 leak was the HDW

 
Assessment of T
 
The C-101 as

k C-101 Le

ent was reviewed 
eport will be prep

formally transm

entory 

nd waste type assumptio
red by CH2M HILL as a

re discussed. 
P- document.  T

Leak Process Document Review (RPP-32681) 
The tank leak process document is in internal CH2M HILL and ORP review.  Inform
comments have also been received from Ecology.  After initial comments are incorporat
report will be formally submitted to Ecology for a 30 day review and concurrence.  
Simultaneousl
 
Assessment of Tank C-110 Leak Inventory 
Information on the C-110 tank leak was distributed before the meeting. 
The attached summ
th
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30-10-09 and 30-10-02.  Drywells were not installed before 1974.  There was also no indication 
f anomalies observed in Surface Geophysics Exploration (SGE) data. 

ination other than Tank C-110. 

d referenced for a C-110 leak was a “Questionable integrity” 
 letter Single-Shell Tank Leak Volumes (Baumhardt 1989).  As stated 

ume that more than 2,000 gallons leaked without a 
 equivalent to a +/- ¾ inch undetected decrease, which is 

being used at the time. 

k from this tank was at the overflow ports.  Based on 
l history the waste only exceeded the height of the overflow ports (17 ft 4 in.) before 

vel was not reported as being over the overflow 
p noted that tank elevations in drawings have 

een fo nd to uently an overflow is plausible. 

ed follow a 106Ru decay curve indicating the observed gamma 
ould have not have been seen in gamma measurements if the leak 

re 1954.  So the most likely source for the activity was a 1971-72 overflow.  If the 
the supernatant waste stream would have been 
s-137.  This is about five times higher than the 

te type estimate for a 1969 leak. 

Ru-106 

 

ly at the overflow line 17 ft 4 in above tank 
k center from 

scussion on the C-200 tanks was not held.]

o
However, there is also no nearby source for the contam
 
The only basis discussed an

 a 1989designation based on
in the letter, it was “unreasonable to ass
urface level decrease.”  This is roughlys

reasonable for manual tape measurements 
 
The most likely source determined for a lea
surface leve
1954 and in 1971-72.  Although the waste le
ports, it was very close and the assessment grou

u be in error by several in..  Conseqb
 
The gamma measurements observ

u.  This wactivity was R
ccurred befoo

leak occurred during 1971-72 the composition of 
.32 Ci/gal of Cthat measured in 1975 showing ~ 0

redicted Soil Inventory Model wasp
 
As a rough check on waste type and volume estimates CH2M HILL will compare 
gamma measurements with equivalent Cs-137 measurements for a CSR (i.e. cesium removal) 
waste type.  This approach, distance of drywells from the tank, and estimated soil density will be

sed to calculate a rough leak volume estimate. u
 

s stated, the location of the C-110 leak is likeA
bottom.  As a worst case, the liquid level in SST was steady at 144 in. from the tan
1972 to 1975, indicating that there was no leak below this level. 
 
Discussion of Next Meetings 
Meetings will be scheduled to continue every two weeks, Tuesday at 3;00. 

ext tank C-111, followed by C-105, a quick review of other C-Farm SST liquid surface data N
then look at UPRs and C-200 tanks. [Note: The di
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MEETING SUMMARY 

 
 
From: J. G. Field, CH2M HILL Hanford Group, Inc 
Phone: 376-3753 
Location:  Ecology Office, 
Date:  April 24, 2007 
Subject:  Tank Farm Leak Evaluation  
 
To:  Distribution/Attendees 
 
Attendees: Joe Caggiano, ECOLOGY 

Jim Field, CH2M HILL 
 Les Fort, ECOLOGY  

  John Harris, CH2M HILL 
  Jeff Luke, CH2M HILL 

Jeffery Lyon, ECOLOGY 
   
   
PURPOSE: 
 
Wrap-up C-110 assessment and start C-111  
 
Review of Previous Meeting Summary: 
The April 17, 2007 meeting summary was reviewed and approved.     
 
C-110 Leak Assessment  
 
Additional information requested in the meeting held April 03, 2007 regarding the C-110 leak 
oss was discussed and the summary Table was revised (revised Tl able attached). 

 in 
the 1950’s through the 1970’s.  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).   
 
An estimated leak volume for SST C-110 of 2,000 gallons was assigned in 1989.  “This estimate 
was made because radiation was detected at an associated drywell, but there was no detectable 
surface level decrease.  A liquid surface was being measured at the time radiation was detected 
in the drywell.  It is unreasonable to assume that more than 2,000 gallons leaked without a 
surface level decrease” (Baumhardt, R. J. 1989,  Single-Shell Tank Leak Volumes).  

 
The following new information was discussed: 
 
Basis for 2,000 gal Leak Volume: 
A manual tape with an electrode was used for many of the liquid level measurements reported
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Radioactivity Concentration and Leak Volume: 

he maximum activity detected in drywell 30-10-09 was 240 cps at 40 to 60 ft bgs in July 1975.  
he activity detected in drywell 30-10-09 was shown to correlate to a radionuclide decay rate for 

ll 30-10-09 in July 1975, 240 cps, 
r 106Ru in 30-10-09”, E-mail dated April 

. M. Stoller Corporation to M. E. Johnson, CH2M HILL Hanford 
ound drywell 30-10-09 is a very rough 

on based on the total gamma data.  This estimate of 106Ru 
ate the volume of waste potentially lost from SST C-

Ru concentration and the estimated waste loss volume should not be considered as 
ues agnitude estimate. 

ith the peak activity detected ~54 ft bgs.  If 
on the drywell with a radius of 10-ft., the estimated 
119 m3).  Using a soil density of 2 gm/cm3 yields an 

stimat  cont  MT.  Assuming the concentration of the 106Ru activity 
etected in dry m, the ~238 MT of contaminated soil would contain an 

ated 106Ru concentration in the SST C-110 supernate 
e 1975, the volume of SST C-110 supernate corresponding to 0.2 Ci of 
ssuming a larger volume of contaminated soil would not significantly 

ated leak volume. 

106Ru decay curve indicating the observed gamma 
ife of 106Ru, the 106Ru would have not have been seen 

t probable period for a 
mposition of the 

ould have been that measured in 1975 showing ~ 0.32 Ci/gal of Cs-
es higher than the predicted Soil Inventory Model waste type estimate 

evel in SST was steady at 144 in. from the tank center from 

 

 that the volume of the leak could have been significantly smaller.  The 

T
T
106Ru.  The maximum 106Ru activity detected in drywe

 estimated 800 ρCi/gm (“Estimate focorresponds to an
24, 2007 from R. McCain, S

 106Ru concentration in the soil arGroup). The estimated
estimate of equivalent 106Ru concentrati
oncentration in the soil was used to estimc

110.  The 106

bsolute val , but only a rough order of ma
 
The 106Ru activity was localized to 40 to 60 ft bgs; w
we assume a spherical leak volume centered 
olume of cont 3 (~v aminated soil is ~4,200-ft  

8e ed aminated mass soil of ~23
d well 30-10-09 is 800 ρCi/g

106 u.  Since the estimestimated 0.2 Ci of R
was ~0.02 Ci/gal in Jun
106 allons.  ARu is ~10 g
lter the estima

 
he gamma measurements observed follows a T

activity was Ru. Because of the short half-l
in gamma measurements if the leak occurred before 1954.  So the mos

nk overflow is 1971-72.  If an overflow occurred during 1971-72 the cota
supernatant waste stream w
37.  This is about five tim1

for a 1969 leak. 
 

-110 Conclusions C
 

he C-110 leak appears to be the result of a tank overflow 17 ft 4 in (208 in) above the tank T
bottom.  As a worst case, the liquid l
1971 to 1975, indicating that if there was a breach in the tank wall, it was above this level.  
 
Because no liquid level decrease was observed, based on liquid level accuracy for the manual 
tape and electrode instrumentation in the tank in 1971-72, the volume of the leak was previously
determined to be less than 2,000 gallons.  Rough calculations of the gamma activity observed in 

ry wells indicated
supernatant was predominantly CSR waste.  Supernatant samples of this waste obtained in 1975 
provide waste composition measurements.  The measured 1975 C-110 supernatant composition 
appears to be consistent with calculated 106Ru dry well activity. 
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-111 Leak Assessment  C
 
Summary information and the attached summary Table for C-111 were discussed. 
 
Based on temperature measurements, the liquid level decrease appears to be evaporation. 
An action was taken to compare the rate of liquid level decrease with evaporation estimates 
assuming a 5 cfs air flow at 190 F temperature.  This calculation will also be used to further 
assess how much of the liquid level decrease can reasonably be attributed to evaporation losses. 
 
 
NEXT MEETING AGENDA  
Continue C-111 Leak Assessment 
 
ACTIONS: 
M. Johnson:  Prepare evaporation calculations and plots and compare with liquid level decrease. 
J. Field:  Prepare and distribute 4-24-07 Meeting Summary 
J. Field:  Continue to prepare C-Farm leak assessment report 
 
NEXT MEETING:   
Date:  May 1, 2007 
Time:  3:00-4:30 
Location: ECOLOGY Office 
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Tank C-110 Leak Information Summary 
 When Estimated Leak 

Volume (gallons) 
Range of Leak 
Volume (gallons) 

Possible Sources Comments 

Declared questionable 
integrity 

1977 No estimate  No estimate No source identified Tank was identified as questionable integrity based on 
unexplained activity identified in drywell 30-10-09. 

Declared “assumed leaker 1984 No estimate  No estimate No source identified Tank was identified as questionable integrity based on 
unexplained activity identified in drywell 30-10-09. 

Current HNF-EP-0182 
leak volume estimate 

1989 2,000 No range provided No source identified “This estimate was made because radiation was detected 
at an associated drywell, but there was no detectable 
surface level decrease.  A liquid surface was being 
measured at the time radiation was detected in the drywell.  
It is unreasonable to assume that more than 2,000 gallons 
leaked without a surface level decrease.” Letter number 
8901832B R1 dated May 17, 1989 from R. J. Baumhardt, 
Westinghouse Hanford Company to R. E. Gerton, U.S. 
Department of Energy Richland Operations Office 

Liquid Level Decrease N/A N/A N/A N/A No unexplained liquid level decreases observed. 
Liquid level data indicates spare inlet nozzles were not 
submerged. 
Steady liquid level at ~144 in. (~376,000 gallons) 
reported for April 1972 through June 1975 

Drywell data October 1974 
through April 
1978 

No estimate  No estimate No source identified A gross gamma peak reading at 53 to 56 ft bgs observed 
on drywell 30-10-09.  Initially ~210 cps (10-1974), 
increasing slightly to ~240 cps (07-1975), then declining 
to ~50 cps (04-1978).  Activity in drywell 30-10-09 
correlated to Ru-106 decay curve.  
A gross gamma peak reading at ~47 ft bgs observed on 
drywell 30-10-02.  Initially ~65 cps (09-1974), increasing 
slightly to ~72 cps (01-1975), then declining to ~50 cps 
(04-1980).  Activity in drywell 30-10-09 correlated to 
Cs-137 decay curve.  

SGE data  October 2006 No estimate  No estimate No source identified No areas of low resistivity are found around SST C-110 
1980 Prior leak 
investigations 

 No estimate  No estimate  SST C-110 was not evaluated in the 1980 report (RHO-
CD-896) 

SIM Estimate  2,000   Assumes leak date of 1969 and uses TBP-UR and 1C1 as 
waste types in tank. 

Mean Inventory 137Cs ~75 Ci   
 99Tc 0.02 Ci   
 90Sr 16.3 Ci   
 Cr 1.5 kg   

For a leak in 1971-72 the composition of the supernatant 
waste stream would have been that measured in 1975 with 
a CSR waste type and ~ 0.32 Ci/gal of Cs-137, about five 
times higher than the 137Cs estimate in SIM 
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Tank C-111 Leak Info y rmation Summar

Item ComWhen Estimated Leak 
ons) Volume (gall

Range of Leak 
llons) Volume (ga

Possible Sources ments 

Declared “suspect leaker” 
in 1968 and “questionable 
integrity” in 1974 

1968; 1974 Ta O-
C
Si  
an
 
No
“S
01
 
Th
a “
27
Di ugh 
De
Ri

No estimate  No estimate No source identified nk was identified as questionable integrity based on RH
D-1193, 1981, Review of the Classification of Hanford 
ngle-Shell Tanks 110-B, 111-C, 103-T, 107-TX, 104-TY,
d 106-U. 

 primary source could be located corroborating the 
uspect Leaker” date of 1968, which is listed in LET-
3074 and HNF-EP-0182 rev. 219. 

e first documented date for classification of SST C-111 as 
Suspect Leaker” is reported on March 25, 1974 in ARH-
94-D, 1974, Manufacturing and Waste Management 

hrovision Waste Status Summary October 1, 1973 T
cember 31, 1973, Atlantic Richfield Hanford Company, 
chland WA. 

Current HNF-EP-0182 
rev. 219 (June 2006) leak 
volume estimate 

1968 5,500 No range provided No source identified “There were 27 tanks for which leak volumes have not 
pr olume eviously been reported.  Of these 27 tanks, the leak v
of  6 tanks could be determined using liquid level data, and 2
additional tank leaks were estimated as 2,000 gallons each.”  
Table 2B lists the estimated leak volumes for the 27 tanks, 
including SST C-111 (Letter number 8901832B R1 dated 
M ord ay 17, 1989 from R. J. Baumhardt, Westinghouse Hanf
Company to R. E. Gerton, U.S. Department of Energy 
Richland Operations Office). 
 
No  te: The reference does not provide a basis for SST C-111
leak estimated of 5,500 gallon. 

Liquid Level Decrease U 0 
ga
sp
 
St
for
pa
 
Af

1965-1969 ~23,000 None N/A nexplained liquid level decreases from ~520,000 to 497,00
llons observed 1965 - 1969. Liquid level data indicates 
are inlet nozzles were not submerged at this time. 

eady waste level at ~176 in. (~497,000 gallons) reported 
 May 9 1969 – December 26, 1969 (RHO-CD-1193, 
ge 28).   

ter transferring ~349,000 gallons of waste to SST C-
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Tank C-111 Leak Information Summary 
Item When Estimated Leak 

) 
Comments 

Volume (gallons
Range of Leak 
Volume (gallons) 

Possible Sources 

104, the waste level in SST C-111 was steady at ~49 in. 

), increasing the waste level to ~58-in. (~134,100 

(~109,400 gallons) from 1970 through June 1972.  
 
In June 1972, ~24,700 gallons of waste was transferred 
from catch tank C-301 into SST C-111 (RHO-CD-1193, 
pg. 27
gallons).  From June 1972 to 1974 the surface level 
remained at a level of 58 in. (~134,000 gallons). 

1974 Leak Estimate 1968 22,000 None 7,000 Ci Cs-137 
(1968) nes and Tanks”, letter 

 

Accession # D196207372, LET-013074, “Radionuclide 
nventories in Leaks from Transfer LiI

dated January 30, 1974 from M. C. Fraser and D. J. Larkin to
H. P. Shaw, Atlantic Richfield Hanford Company, Richland 
WA 

Drywell data 1970 – 1986 No estimate  No estimate No source identified 

50 
D-

Monitoring of drywells 30-11-01 (1979), 30-11-05 (1975), 
30-11-06 (1970), 30-11-09 (1970), and 30-11-11 (1975) all 
have shown less than the background radioactivity level of 
cps gross gamma (RHO-CD-1193, page 27 and WHC-S
WM-TI-356). 

SGE data  October 2006 No estimate  No estimate No source identified No areas of low resistivity are found around SST C-111 
1981 Prior leak 
investigations 

 No estimate  No estimate  

ce Analysis 
g, 200 East Area Maintenance 

 

d 
 Rules 

SST C-111 was evaluated in the 1981 report (RHO-CD-
1193). 
 
Four teams reviewed the classification status of SST C-111 
with the teams comprised of: (1) Tank Farm & Evaporator 
Process Control Group, (2) Tank Farm Surveillan
Group, (3) Process Engineerin
and Earth Sciences, and (4) Process Engineering.  Teams 1, 2
and 4 concluded SST C-111 should be classified as a 
“Confirmed Leaker”.  However, team 3 concluded that “… 
without confirmatory drywell evidence Tank C-111 could 
not, at the 95% Confidence Level, be declared a Confirme
Leaker.  Therefore, following the established Ground
for reclassification of single-shell tanks, Tank C-111 must 
continue to be classified as of Questionable Integrity.” 
(RHO-CD-1193, pg. 13) 

SIM Estimate  5,500    
SIM Mean Inventory 137Cs ~195 Ci   Assumes leak date of 1968 and uses the following waste 
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Tank C-111 Leak Information Summary 
Item When Estimated Leak 

Volume (gallons) 
Comments Range of Leak 

Volume (gallons) 
Possible Sources 

 99Tc 0.054 Ci   
 90Sr 841.8 Ci   
 Cr 5.3 kg   

types and maximum leak volume estimate: 
1C1 (BT1): 8.01E-03 liter 
TBP-UR (BT2): 5.86E-01 liter 
TFeCN (BT2): 1.50E+03 liters 
CWP1 (CWP1): 9.37E+03 
PUREX (P2) OWW1: 3.01E+00 liter 
Sr-Cs Rec Wst (P1)_HS: 8.56E+03 liter 
PUREX (P2) Cool Wtr-Stm Cond: 1.39E+03 liter 
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MEETING SUMMARY 

From: . Field, CH2 ILL Hanford Group, Inc 
Phone: 376-3753 
Location:  Ecology Office, 
Date:  M  1, 2007
Subjec a r valuation  
 
To:  Distribution/Attendees 
 
Attend H2M HILL 
 OLOGY 
 nson, CH2M HILL 
 
PURPO
Complete C-111assessment  
 
Review of Previous Meeting Summary: 
The April 24, 2007 meeting summary was reviewed and approved with minor edits.     
 
C-111 Leak Assessment  
Additional information requested in the meeting held April 24, 2007 regarding the C-111 liquid 
level decrease was discussed. 
The following new information to be included in the C-111 assessment report was added. 
 
Clarification of Transfer History 
SST C-111 received 8,000 gallons of PUREX OWW in October 1956 (HW-46382, pg. 4), 6,000 
gallons of PUREX OWW in December 1956 (HW-47640, pg. 4), 53,000 gallons of PUREX CW 
in January 1957 (HW-48144, pg. 4), 91,000 gallons of PUREX CW in February 1957, (HW-
48846, pg. 4), and 119,000 gallons of PUREX CW in March 1957 (HW-49523, pg. 4).  SST C-
111 contained approximately 332,000 gallons of waste on March 31, 1957. 
 
In April 1957, SST C-111 received 573,000 gallons of PUREX CW 
 
SST C-111 was filled and emptied several times during June through December 1957. 
 
Drywell Activity 

Minor surface level contamination and less than 1-picocuries of 137Cs per gram of soil was 
detected at depth in these drywells when gamma spectral logging was conducted between 1997 
and 2000 (GJPO-HAN-18, July 1998, Vadose Zone Characterization Project at the Hanford 
Tank Farms, C Farm Tank Farm Report, U.S. Department of Energy, Grand Junction Office, 
Grand Junction, Colorado and GJO-98-39-TARA, September 2000, Vadose Zone 
Characterization Project at the Hanford Tank Farms, Addendum to the C Tank Farm Report, 
U.S. Department of Energy, Grand Junction Office, Grand Junction, Colorado).  
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Evaporation 

The waste volume in SST C-111 decreased by ~20,00
is waste volume decline was describ

0-gallons from January 1, 1965 through 
ed as due to the installation of new 

uid level.  The SST C-111 waste volume remained at 519,000 to 
onths (July thru September 1965).  SST C-111 showed a decrease in 

gh June 1969, losing 1,000 to 5,000-gallons per quarter 
s. 

 in SSTs typically create airflow mixing and airflow rates of 3 to 6-
sid  conditions.  The psychometric chart indicates at 190oF 

0 lbs of water per lb of dry air and has a density of 
lton, 1973).  At an airflow rate of 5-cfm, ~7,500 
om SST C-111.  Assuming the air exhausting 

t 190oF and 70% relative humidity, then the air would contain ~0.52 lbs of 
nsity of ~0.033 lbs dry air/ft3, and 5-cfm would exhaust ~5,460 
erefore, the loss of liquid level in SST C-111 can be adequately 

fm of air at 190oF and a relative humidity of 70% to 

 evaporation calculations and previous estimates is that previous 

 

t 

re C-105 information 

June 30, 1965.  Th
electrode for determining liq

three m520,000-gallons for 
waste volume from October 1965 throu
or a total level decline of 22,000 gallonf

High temperature conditions
cfm are con ered plausible under these
and 100% relative humidity, air contains ~1.

3~0.024 lbs dry air/ft  (R. H. Perry and C. H. Chi
ar would be exhausted frgallons of water per ye

11 was afrom SST C-1
water per lb of dry air, at a de
allons of water per year.  Thg

explained by an exhaust airflow rate of 5-c
100% . 
 
A key difference in current
report estimate evaporation for a 100 F temperature.  They do not appear to be aware of and do 
not consider reports found during the current assessment showing 190 F tank waste temperatures
or higher.   
 
C-111 Conclusions 
 
Evaporation calculations and plotted liquid level and evaporation rates clearly indicate that the 
liquid level decrease can be attributed to evaporation and suggest that high tank waste 
temperature information was apparently not available for previous assessments.  The assessmen
team believes that the data supports the potential to reclassify tank 241-C-111 as sound.  

herefore, no leak volume or inventory is assigned for Tank 241-C-111.  T
 

ext Meeting AGENDA  N
C-105 Leak Assessment 
 
ACTIONS: 
M. Johnson:  Prepa
J. Field:  Prepare and distribute 5-02-07 Meeting Summary 
J. Field:  Continue to prepare C-Farm leak assessment report 
 
Next Meeting:   
Date:  May 15, 2007 
Time:  3:00-4:30 
Location: ECOLOGY Office 
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MEETING SUMMARY 

 

 2007 meeting summary was reviewed and approved with the following added for 
bserved after installing a new electrode. 

 
From: J. G. Field, CH2M HILL Hanford Group, Inc 
Phone: 376-3753 
Location:  Ecology Office, 
Date:  May 15, 2007 
Subject:  Tank Farm Leak Evaluation  
 
To:  Distribution/Attendees 
 
Attendees: Joe Caggiano, ECOLOGY 
  Michael Connelly, CH2M HILL 

Jim Field, CH2M HILL 
  Les Fort, ECOLOGY 
  John Harris, CH2M HILL 

Paul Henwood, S.M. Stoller 
Nina Minard, ECOLOGY 
Mark Wood, FLUOR 

  
PURPOSE: 
Start C-105 assessment  
 
Review of Previous Meeting Summary: 

he May 1,T
liquid level changes o
 
The waste volume in SST C-111 decreased by ~20,000-gallons from January 1, 1965 through 
June 30, 1965.  This waste volume decline was described as due to the installation of a new 
electrode for determining liquid level.  After the new electrode was installed, the SST C-111 
waste volume remained at 519,000 to 520,000-gallons for three months (July thru September 
1965).  SST C-111 showed a decrease in waste volume from October 1965 through June 1

sing 1,000 to 5,000-gallons per quarter for a total level decline of 22,000 gallons. 
969, 

tion was presented and discussed.  Logging data obtained from nearby 
logging and sample data from drywell C4297 shows the potential for three separate 

 nozzle, a pipeline leak and a tank leak.  Information 

ed that potential spare inlet and 
re likely small in comparison to the high gamma activity measured in drywell 

ned to calculate a leak volume for the plume observed at drywell 
ius, a Cs-137 concentration of 107 pCi/g from 35 to 45 ft and 105 

pernatant (P1) waste. 

lo
    

  C-105 Leak Assessment
ank C-105 leak informaT

drywells and 
releases: a tank overflow at the spare inlet
presented will be included in the assessment report. 
 

ctions were assigned for the next meeting.  Participants agreA
pipeline leaks we

-0 .  An a30-05 7 ction was assig
ad30-05-07 assuming: a 9 ft r

pCi/g from 45 to 65 ft, and a PUREX su
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Volume and inventory calculations and further discussion of C-105 leak estimates and 
 will continue next meeting.  

sment  

erature data and add waste surface level diagram to 

te 5-15-07 Meeting Summary. 
enwood:  Calculate C-105 l e and inventories as discussed. 

n w/SX-108 data. 
ment report 

uncertainties
 
Next Meeting AGENDA  
Continue C-105 Leak Asses
 
ACTIONS: 
M. Johnson:  Check availability of temp
information packet. 
. Field:  Prepare and distribuJ

J. Field/P. H eak volum
M. Wood: Compare C4297 sodium concentratio
J. Field:  Continue to prepare C-Farm leak assess
 
Next Meeting:   
D  May 29, 2007 ate: 
Time:  
Location: 

3:00-4:30 
ECOLOGY Office 
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MEETING SUMMARY 

 
 
From: J. G. Field, CH2M HILL Ha

hone: 376-3753 
nford Group, Inc 

ology Office, 

s Fort, ECOLOGY 
, S.M. Stoller 

PURPOSE: 
Continue C-105 assessment  
 
Review of Previous Meeting Summary: 
The May 15, 2007 meeting summary was reviewed and approved. 
 
Additional information was requested for the C-111 assessment report to further explain the 8 
inch liquid level decrease “after the new electrode was installed.” The assessment report will 
include the statement, “The decrease in liquid level measurements observed after installing a new 
manual tape electrode is attributed to instrument error.”  A brief discussion of electrode 
measurement changes will also be included.   
 
The status of the tank farm leak process document and initial leak assessment report were also 
discussed.  ORP is preparing a letter to transmit the leak process document to Ecology for 
concurrence and to stakeholders for review.  The leak assessment report for tanks C-101 and C-
110 was informally transmitted to Ecology for comment and is scheduled to be released in 
parallel with the leak process document.  
    
C-105 Leak Assessment  
Temperature data and a tank waste surface diagram were added to the C-105 information to be 
included in the assessment report.  The temperature data was more recent than estimated tank 
leak dates and was not considered further.   
 
C-105 leak volume calculations developed based on assumptions discussed in the previous 
meeting were reviewed.  Calculations were made for Cs-137 waste concentrations of 0.62 Ci/gal 
and 3.1 Ci/gal based on average and maximum concentration estimates for PUREX Supernate 
(PSN or P1 liquid) in the Soil Inventory Model (SIM).  For a concentration of 3.1 Ci/gal a leak 

P
Location:  Ec
Date:  May 29, 2007 
Subject:  Tank Farm Leak Evaluation  
 
To:  Distribution/Attendees 
 
Attendees: Joe Caggiano, ECOLOGY 

 Jim Field, CH2M HILL  
  Le
  Paul Henwood
Mark Wood, FLUOR 
Beth Rochette, ECOLOGY 
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volume of 480 gal was calculated.  For a concentration of 0.62 Ci/gal a leak volume of 2,400  gal 
ated.  These calculations were determined to provide an average leak loss. 

centration for samples analyses from well 
rehole at SX-108.  The sodium 

as much higher as was Cs-137.  

e measured at drywell 30-05-07 additional calculations 
sume the same waste concentrations, 

was determined to be a possibility if more of the waste 
adius will be estimated based on Cs-137 sorption 

per e leak radius is near the tank knuckle on the 
ich is generally a weak point on the tank.   

ctivity”/near surface contamination observed near 
d be included in leak volume estimates.  Because the 

ears to be from sources other than the tank, it will not be 
ates.  However, the lower activity sources will be discussed further 

 leak volumes from other C-Farm Unplanned Releases (UPRs). 

ssment reports 

was estim
 
Next a comparison was made between the sodium con

alyses for sodium samples from a boC4297 and the an
concentration for SX-108 w
 
For a maximum leak volume for the plum

ere requested.  The maximum volume calculations will asw
but a larger leak radius.  The larger radius 
leaked under tank C-105.  The maximum r
capacity pro ties and assuming the center of th
tank wall wh
 

articip nts theP a n discussed whether “lower a
C in ells other than 30-05-07 shoul-105  dryw
“lower activity” contamination app
included in “tank leak” estim
to estimate near surface
 
Next Meeting AGENDA  
Final C-105 Leak Assessment  
 
ACTIONS: 
J. Field:  Prepare and distribute 5-29-07 Draft Meeting Summary. 
M. Wood: Determine maximum leak volume radius. 
J. Field:  Calculate maximum C-105 leak volume and inventory based on input from Mark 
Wood. 
M. Johnson:  Prepare information for other C-Farm tanks and UPRs 
J. Field:  Continue to prepare C-Farm leak asse
 
Next Meeting:   
Date:  June 12, 2007 
Time:  3:00-4:30 
Location: ECOLOGY Office 
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MEETING SUMMARY 

 
 
From: J. G. Field, CH2M HILL Hanford Group, Inc 
Phone: 376-3753 

ocation: Ecology Office, L
Date:  June 12, 2007 
Subject:  Tank Farm Leak Evaluation  
 
To:  Distribution/Attendees 
 
Attendees: Joe Caggiano, ECOLOGY 

 Jim Field, CH2M HILL  
  Les Fort, ECOLOGY 
  Paul Henwood, S.M. Stoller 

Beth Rochette, ECOLOGY 
   
PURPOSE: 

ontinue C-105 assessment  C
 
Review of Previous Meeting Su

he May 29, 2007 meeting sum
mmary: 
mary was reviewed and approved. 

 tank 
me 

ecrease in tank C-105 observed 
d 1967 was discussed.  Previous documentation attributes the 1963 to 1967 

-105 to evaporation.  However, evaporation calculations assuming 
r flow ture of 150 F accounted for only 25% of the liquid level decrease.  

o 1967 is unknown.  The 150 F temperature is between 
ore receiving the SU and a measured temperature of 220 

F for the A-102 supernatant transferred to tank C-105 in May 1963.  The 5 cfm airflow was 
assumed as the natural air flow temperature within the tank, prior to installation of an exhauster.  
 
Based on steam tables, at an air flow of 5 cfm and temperature of 220 F ~ 40 gal/min would be 
exhausted or 18 million gallons/year.  The group will take a closer look at the relative amount of 
A-102 supernatant to the amount and type of waste already in the tank in an attempt to more 
closely bound temperature and evaporation estimates.   
 
Marc Wood completed the action to determine a “Maximum” radius for the contamination 
observed at drywell 30-05-07.  The radius was determined to be about 12 ft for the distance from 
the tank side wall to drywell C4297, the closest drywell to 30-05-07 and 3 ft from the tank to 30-

T
 
C-105 Leak Assessment  
 
It was concluded that contamination measured in drywell 30-05-07 was likely the result of a
leak, probably from the base of the tank.  The balance of the meeting was to discuss the volu
and inventory of the contamination. 
 

n e-mail from Ecology regarding the ~ 100 kgal liquid level dA
between 1963 an

 level decliquid rease in tank C
peraa 5 cfm ai  and a tem

The actual tank temperature from 1963 t
100 F (estimate for tank temperature bef
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05-07.  In addition, a concentration for the PSN-IX supernatant in tank C-105 in 1969 was 4.34 
i/gal (ARH-1945).   Therefore calculations were revised using this concentration in place of the 
IM concentration estimates of 0.62 to 3.1 Ci/gal used in previous calculations.   

ith Cs-137 logged at about 107 pCi/g and 
d with a pt. source leak and a 3 ft radius (distance from the tank to 
umption that the leak may not have extended much beyond 30-05-07 

 Cs-137 sorption capacity and is based on the theory, to 
hat Cs-137 sorption capacity is reached before a plume 

 m ation is 165 Ci plume.  For a 4.3 Ci/gal waste 
n t gal leak. 

xim me measurements (10 ft at 107 and 20 ft and 105) at 
us was assumed.  This is the distance between the 
well C4297) showing no indication of 

ontam ation 0-05-07.  A plume activity of 2,630 Ci was 
al this equates to 620 gal. This was deemed plausible 

tions of 107 pCi/g were at sorption capacity.  If this were the case the 
 near, but just short of drywell C4297 w/o detection. 

ately 5,200 Ci and 1,200 gal was calculated assuming a 
r at a Cs-137 sorption 
y a 12 ft radius cylinder 

 C4297).  This scenario is inconsistent with Cs-137 sorption capacity 

es the volume of a point source leak as calculated in all of 

nd 
cument is completed.      

C
S
 

 leak volume a 30 ft cylinder (10 ft w1. For a minimum
520 ft at about 10  pCi/g.) an

he assdrywell 30-05-07).  T
assumes the leak concentration is below
e explained in the assessment report, tb

continues to igrate.  The resulting calcul
oncentratio his would be less than a 40 c

   
.  For a ma plu2 um leak volume for the 

drywell 30-05-07 a cylinder with a 12 ft radi
ytank and the closest dry well to 30-05-07(dr

c in 3comparable to that found in 
entration of 4.34 Ci/gcalculated.  For a conc

concentraif the logged 
plume could have migrated to
 
3.  A maximum leak volume of approxim
30 ft long, 3 ft radius (distance from tank wall to 30-05-07) cylinde
apacity based on SX-108 sample data (1.7 E +8 pCi/g) encircled bc

(distance from tank wall to
heory.  t

 
4.  The leak could also have spread out along the tank wall to less than ¼ of the tank 
circumference without being detected by other drywells then migrated to a 12 ft radius.  This 

ould equate to approximately 5 timw
the previous scenarios, multiplied by scenario 2 this equates to 13,000 Ci and 3,100 gal for a 
maximum leak volume based on drywell measurements. 
 
The above scenarios will be written up in tabular form.  Evaporation volume estimates reviewed 
more closely and a maximum leak volume determined in the next meeting 
 
Additional discussion 
 

he C-Farm assessment reports for tanks C-101 and C-110 were discussed.  Ecology reviewed T
the report and had no initial comments.  The report will be further reviewed by Ecology and 
comments sent next week.  Recognizing the need to reference the assessment report in the C-110 
TWRWP, Ecology suggested CH2 remove reference to the leak process document in the 
assessment report for tanks C-101 and C-110 (Rev. 0) and concurred with issuing the C-101 a

-110 leak assessment report before the leak process doC
 
For the next three meetings we will wrap up C-105 discussion, then start C-Farm UPR 
discussions, followed by discussion of liquid levels and available data for other C-Farm tanks.  
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NEXT MEETING AGENDA  
Final C-105 Leak Assessment, UPR Assessments  

tanks and UPRs 
ield:  Continue to prepare C-Farm leak assessment reports 

 
ACTIONS: 
J Field:  Prepare and distribute 6-12-07 Draft Meeting Summary. 
Joe Caggiano: Review leak assessment report 
Les Fort: Further review C-105 temperature for evaporation estimates 
J. Field:  Prepare C-105 alternative calculations table 
M. Johnson:  Prepare information for other C-Farm 
J. F
 
NEXT MEETING:   
Date:  July 10, 2007 
Time:  3:00-4:30 
Location: ECOLOGY Office 
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MEETING SUMMARY 

J. G. Field, CH2M HILL Hanford Group, Inc 

ttendees: Joe Caggiano, ECOLOGY 
d, CH2M HILL 

LOGY 
ller 
ILL 

Beth Rochette, ECOLOGY 
  Mark, Wood, Fluor Hanford 
 
PURPOSE: 
Continue C-105 assessment, Start UPR assessments 
 
Review of Previous Meeting Summary: 
The June 12, 2007 meeting summary was reviewed and approved. 
On July 10 Ecology was briefed on a preliminary C-Farm DQO and work plan.  No tank farm 
leak assessment meeting was held as previously scheduled.  
 
C-105 Leak Assessment  
 
CH2M HILL presented the attached information.  It was determined that without a measured 
tank waste temperature at the time of the liquid level decreases, evaporation calculations have 
too much uncertainty and neither the liquid level decreases or evaporation estimates should be 
used as a basis for C-105 leak volume estimates.   Participants agreed that the only reasonable 
basis for the C-105 leak volume estimates is the vadose zone contamination measured in drywell 
30-05-07 and the proximity of 30-05-07 to the tank and other drywells with lower measured 
gamma activity.  Calculations for three scenarios were discussed (see attached).  For the “upper 
bounding” scenario an approximation was made and more formal calculations are still needed.  
Ecology will review the vadose zone information and calculations presented for further 
discussion and a final determination next week.  It was agreed that the terms “average” and 
“mean” should not be used with respect to volume estimates because there is insufficient data for 
a statistical assessment.  Estimates are for an “upper bound” scenario and “reference case.”  
 
UPR 200-E-82 
Marc Wood presented information on UPR 200-E-82.  It was noted that there was no Cs-137 
detected in soil samples taken from direct push measurements around the UPR, likely because 

 
 
From: 
Phone: 376-3753 
Location: Ecology Office, 
Date: July 24, 2007 
Subject: Tank Farm Leak Evaluation  
 
To:  Distribution/Attendees 
 
A
  Jim Fiel
  Les Fort, ECO
  Paul Henwood, S.M. Sto

Linda Lehman, CH2M H
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they were too far away.  Dry well 30-00-11 is the closest dry well, but there are no nearby 
tes are that this was a 2,600 gallon pipe leak.  A Gunnite cap was 

stalled, but not for 20 years after the leak.  It was determined that old data could be used to 
stimate an upper range leak volume based on Cs sorption principles.  Following the meeting, 

rmatio  in the next meeting.     

 MEET   
00-E-82 Assessment  

 

1. J. Field:  Prepare and distribute 7-24-07 Draft Meeting Summary. 
LO ll calculations  

3. res to assessment participants 
olume calculation based on Cs sorption approach.  

5.  UPR locations to next meeting 
 

NEXT MEET

drywells.  Original estima
in
e
this info n was assembled and is attached for discussion
 
 
NEXT ING AGENDA

1. Final C-105 Leak Assessment, UPR 2

ACTIONS: 

2. ECO GY:  Review C-105 dry we
Marc Wood:  Send UPR-82 figu

4. Marc Wood:  Prepare UPR-82 leak v
J. Field:  Bring C-Farm map showing

ING:   
D  August 8, 2007 ate: 

ime:  3:00-4:30 
ECOLOGY Office 

T
Location: 
 

Page 201 of 222 



RPP-ENV-33418 Rev. 1 

Attachment 1 
 
Tank C-105 Assessment  
 
It is probable that the contamination around SST C-105 stems from different events.  Pipeline 

103, the cascade overflow pipeline from SST 241-C-104, spare inlet nozzles on SST C-105, 
nd a leak near the base of tank C-105 are all probable sources of waste loss events. 

 drywell 30-05-07 
contamination.   “Lower activity” contamination in other dry wells was determined to be from 

ources and was not attributed to a tank leak.  The “lower activity” sources near tank 
lumes and inventories 

05 from 1963 to 
1967 to evaporation.  The actual tank temperature from 1963 to 1967 is unknown.  The 

tant received from tank A-102 was 220 oF.   

ated  cfm (assumed as the natural air flow within the tank, prior to 
ture of 220 oF, steam tables show ~ 40 gal/min would be 

xhausted or 18 million gallons/year.  This would more than account for the liquid level 
decrease.  However, the actual temperature of the waste at the time of the leak is somewhere 
between the waste temperature prior to receipt of A-102 waste and the temperature of the A-102 
waste.  A weighted average temperature of 192 oF was calculated based on the relative amounts 
of A-102 supernatant added (407,000 gal) compared to the supernatant waste volume before 
receiving A-102 (125,000) gal. and assuming the temperature of C-105 waste was only 100 oF 
before receiving supernate from tank A-102.    
 
Tank Leak Estimate based on Gamma Logging 
The focus of this assessment was to estimate volume and inventory of a tank leak.   Although 
calculations indicate evaporation could account for most of liquid level decrease, contamination 
observed in drywell 30-05-07 appears to come from tank C-105.  The 137Cs activity levels were 
much lower and nearer to the waste surface or tank spare inlet ports for all other dry wells.  Even 
in dry well C4297, only 9 ft away from drywell 30-05-07, significantly lower gamma activity 
was measured well above the tank bottom.  Therefore only drywell 30-05-07 measurements were 
included in tank leak calculations. 
 
The concentration for 137Cs in PSN-IX supernatant in tank C-105 in 1969 was 4.34 Ci/gal 
(Tanaka 1971).  The same concentration is assumed at the time of the leak.  Leak volumes based 
on a 4.34 Ci/gal 137Cs concentration, soil density of 2.0 g/cm3 and gamma logging measurements 
were calculated as follows: 
  
1. For a minimum leak volume a 3 ft long cylinder (10 ft with Cs-137 logged at about 107 pCi/g 
and 20 ft at about 105 pCi/g), with a point source leak and a 3 ft radius (distance from the tank to 
drywell 30-05-07) is assumed.  The assumption that the leak may not have extended much 

V
a
 
This assessment concluded that a tank leak was a probable source of

near surface s
C-105 will be further assessed in the future to estimate near surface leak vo
for other C-Farm Unplanned Releases (UPRs).   
 
Evaporation 
Previous documentation attributes a 100 kgal liquid level decrease in tank C-1

temperature of superna
 
At a satur  air flow of 5
installation of an exhauster) and tempera
e
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the leak concentration may be below Cs-137 
rption capacity and is based on the theory that Cs-137 sorption capacity is reached before a 

The resulting calculation, shown below, is a 165 
i plume.  For a 4.3 Ci/gal waste concentration this would be less than a 40 gal leak. 

 

.  An average leak volume for the plume measurements (10 ft at 107 and 20 ft and 105  pCi/g)   
5-07 a cylinder with a 12 ft radius was assumed.  This is the distance between the 

l. This was deemed plausible 
 the logged concentrations of 10  pCi/g were near sorption capacity.  If this were the case the 

beyond 30-05-07 is based on the observation that 
so
plume continues to migrate (See Appendix B).  
C
   

Volume of 3 ft radius and 10 ft long cylinder = 8.1 m3 @ 107 pCi/g 
Volume of 3 ft radius and 20 ft long cylinder = 16.2 m3 @ 105 pCi/g 

8.1 m3 * 2 g/cm3 * 107 pCi/g = 162 Ci     
16.2 m3 *2 g/cm3 * 105 pCi/g = 3 Ci 
 
165 Ci / 4.3 Ci/gal = 38 gal 

 
2
at drywell 30-0
tank and the closest dry well to 30-05-07(drywell C4297) showing no indication of 
contamination comparable to that found in 30-05-07.  A plume activity of 2,630 Ci was 
calculated.  For a concentration of 4.34 Ci/gal this equates to 620 ga

7if
plume could have migrated to near, but just short of drywell C4297 w/o detection. 
 

Volume of 12 ft radius and 10 ft long cylinder = 129 m3 @ 107 pCi/g 
Volume of 12 ft radius and 20 ft long cylinder = 258 m3 @ 105 pCi/g 
 
129 m3 * 2 g/cm3 * 107 pCi/g = 2,580 Ci  
258 m3 *2 g/cm3 * 105 pCi/g = 52 Ci 
 
2,630 Ci / 4.3 Ci/gal = 614 gal 

 
 
3.  The leak could also have spread out along the tank wall to less than ¼ of the tank 
circumference without being detected by other drywells then migrated to a 12 ft radius.  This 
would equate to approximately 5 times the volume of a point source leak as calculated in 
scenario #2, this equates to approximately 13,000 Ci and 3,100 gal for a maximum leak volume 
based on drywell measurements. 
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nk C-105 Leak AssessmenTa t Summary 

Item When 
V

Range of Leak 
Vo

Possib Comments Estimated Leak 
olume (gallons) lume (gallons) 

le Sources 

Current HNF-EP-0182 
rev. 219 (June 2006) 

NA 0 NA Contamination in 
borehole 30-05-07 
attributed to a pipe 
leak 

The conta io  S 5 m minat n around ST C-10  likely stems fro
different e .  Pi V c  vents peline 103, the ascade overflow
pipeline fr S 10  i SST C-om S T 241-C- 4, spare nlet nozzles on 
105, and a ne s  C bable  leak ar the ba e of tank -105 are all pro
sources of e l tswast oss even . 
 

Liquid Level Decrease 1963 to 1967 10
36

NA qu
e
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e ra r 9 ted 
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 was 
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 of 1
 A-1
tal 
5,00
100

3 to 1967 is unk
ed from tank A-

2 F was calcula
2 supernatant ad
aste volume bef
) gal. and assum
 before receivi

Leaks volume based on 
Drywell 30-05-07 log 

Well logged  
in 1974 

Mini
Aver
Maxi
gal 

40-3,100 gal. 
ak

 Ci/gal for 137Cs co o ant 
  Contamination m at  35 to 
 (10 ft) and 105 pCi 45  ft). 
me: Assumes point c e, 3 ft 

0 ft deep. 
me: Assumes, poin  c e, 12 ft 

0 ft deep. 
me: Assumes,  ¼ u , with 

adius, 30 ft deep.  

mum 40 gal 
age 600 gal 
mum 3,100 

Tan
Lin
like

k,  
e le
ly) 

 (appears less 
Use 4.34
analysis. 
45 ft bgs
Min volu
radius, 3
Ave volu
radius, 3
Max. volu
12 foot r

ncen
easu
/g fr
 sou

t sou

tank 

trati
red 
om 
rce, 

rce,

circ

n from supernat
 107 pCi/g from
 to 65 ft bgs (20

ylindrical plum

ylindrical plum

mference source

SGE data  October 2006 No e No estimate rc  low resistivity wer n of SST stimate  No sou e identified Areas of
C-105. 

e found o  the south side 

SIM Estimate  1,000   s a 1,000 gallon leak loss.    Assume
SIM Mean Inventory 
 

137Cs 620   Ci 

Decayed to 1/1/2001 99Tc .23   Ci 
 90Sr 9.0  C   i 
 Cr 1. kg   

s leak date of 1972 and uses p PUREX  
 or P1) waste type. 
e for 137Cs is 26 to 3,100 Ci  1972 
,100 Ci or 0.05 to 6.1 Ci/gal.  Th

137Cs conc. Of 4.3 Ci/gal. 4 

Assume
(PSN-IX
SIM rang
= 50 to 6
measured 

redominantly a 

 back decayed to
is bounds a  
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MEETING SUMMA

 
From ield M d G
Phone: 376-3753 
Locat :  O
Date: ,
Subject: m v
 
To: i d
 
Attendees: i O
  , H
  , G
  Paul Henwood, S.M. Stoller 

Beth Rochette, ECOLOGY 
   
PU E
Continue C-105 assessm d UPR 200-E-82 assess nts 
 
Re f Me ummary: 
Th ly 2 ed roved.  It was e a
discussion of C-105 leak volume calculations is needed.  
 
C-105 Leak Assessment  
 
An alternate calculation was provided by Ecology and discussed.   
Th ns and cal tion will be reviewed and discussed further in the next meeting. 
 
 
UPR 200-E-82 
 
Infor  attached in t 4/07 meeting minutes was discussed.  Prior to assessing a leak 
volum entory for UPR 82 additional information was requested rega g c
used for investigations reported in Tanaka (1971).   As written, it was unc
whether measurements were based on sample analysis or logging data.  It was determined that 
radioactivity results presented were from analytical data not logging data.  A better 
understanding of the analytical methods used, detection limits, and uncertainty is needed.  It was 
also n d t in the info ation presented, analytical results are in mCi nits m
common pCi/g units.  Ac s were assigned to review analytical method d er
 
It was also ted that the ivity levels presented in Tanaka have not been observed in more 
recent vertical push logg near UPR-182.  This m because the vertical pu o  only 
get within 20 ft of the gunnite pile covering UPR 82.  It could also indicate the c m ation 
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was cleaned up.  The possibility of the contam
Ru-106 vs. Cs-137 was also rai

ination being a shorter lived nuclide Co-60 or   
sed.  An action was taken to investigate these questions.   

inally it was noted that measurements at well #5 (Figure 3) were more characteristic of 
 (Figure 4).  A possible reason for 

00-E-82 Assessment  

ary. 
s and uncertainty for UPR 82 data. 

eld or not detecting Cs-137 near UPR 82 in recent vertical 

ak volume calculation and assumptions.  
 

 
F
expected Cs-137 distribution than measurements for Well #11

a “caliche” layer at 15 ft bgs in well #11.  the differences is the presence of 
 

 MEET  NEXT ING AGENDA 
1. Final C-105 Leak Assessment, UPR 2
 

ACTIONS: 
1. J. Field:  Prepare and distribute August 7, 2007 Draft Meeting Summ
2. J. Field:  Review analytical method
3.  Fi s fJ. :  Review possible reason

pushes. 
4. J. Field:  Review C-105 maximum le

 
ING:  NEXT MEET  

Date:  August 28, 2007 
ime:  3:00-4:30 T

Location: ECOLOGY Office 
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MEETING SUMMARY 

 
 
From: J. G. Field, CH2M HILL Hanford Group, Inc 

hone: 376-3753 P
Location: Ecology Office, 
Date: August 28, 2007 
Subject: Tank Farm Leak Evaluation  
 
To:  Distribution/Attendees 
 
Attendees: Joe Caggiano, ECOLOGY 
  Jim Field, CH2M HILL 
  Les Fort, ECOLOGY 

 Paul Henwood, S.M. Stoller  
Beth Rochette, ECOLOGY 

 continue UPR 200-E-82 assessment 

: 
The August 7, 2007 meeting summary was reviewed and approved with a change to delete the 
calculation submitted by Ecology.    
 
C-105 Leak Assessment  
Leak loss calculations and an assessment developed by a joint effort between Ecology and 
CH2M HILL were discussed and accepted by the panel.  The assessment write-up  
(Attached) will be included in the C-105 assessment report.  The maximum leak calculated was 
approximately 2,000 gallons and 8,000 Ci of Cs-137.  The waste type leaked was a PSN-IX 
supernatant. 
 
UPR 200-E-82 
The information shown in Attachment 2 (not included) was presented by Mark Wood.  This 
information was previously included with the July 24, 2007 meeting minutes and is included 
here for convenience.  Comments and questions related to the analyses presented in Tanaka 
(1971) and the approach presented were discussed and compared.  The bounding leak inventory 
calculated by Wood is 2,000 gallons and 8,600 Ci of Cs-137.  Ecology will review the attached 
information and discuss calculated leak losses further in the next meeting. 
 
 
NEXT MEETING AGENDA  

1. Complete UPR 200-E-82 Assessment and start UPR 200-E-86 Assessment  
 

 
 

   
PURPOSE: 
Complete C-105 assessme
 

nt and

Review of Previous Meeting Summary
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ACTIONS: 

1. J. Field:  Prepare and distribute August 28, 2007 Draft Meeting Summary. 
2. P. Henwood:  Review logging data near UPR 200-E-86. 

M. Wo or the C-Farm FIR 
ptions. 

C-Farm Leak Assessments Report: 241-C-
1 and sments for tanks C-111 and C-105.  

3. od:  Prepare 200-E-86 information developed f
maximum leak volume calculation and assum4. Ecology:  Review C-105 

5. Ecology: select next C-Farm UPRs to assess  
J. Field: Revise RPP-ENV-33418 “Hanford 6. 
10  241-C-110,” to include asses

 
 

EXT MEETING:  N  
Date:  September 11, 2007 

ime:  T 3:00-4:30 
Location: ECOLOGY Office 
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Attachment 1 (August 28, 2007 Meeting Summary) 

-105 stems 
104, spare 

ase of tank C-105 are all probable sources 

Based on new data and information presented in Section 3.4.3, this assessment concluded that a 
tank leak was a probable source of drywell 30-05-07 contamination.   “Lower activity” 

dry wells was determined to be from near surface sources and was not 
 activity” sources near tank C-105 will be further assessed in 

 to es surface leak volumes and inventories for other C-Farm Unplanned 

Evaporation 
Previous documentation attributes a 100 kgal liquid level decrease in tank C-105 from 1963 to 
1967 to evaporation.  The actual tank temperature from 1963 to 1967 is unknown.  The 
temperature of supernatant received from tank A-102 was 220 oF.   
 
At a saturated  air flow of 5 cfm (assumed as the natural air flow within the tank, prior to 
installation of an exhauster) and temperature of 220 oF, steam tables show ~ 40 gal/min would be 
exhausted or 18 million gallons/year.  This would more than account for the liquid level 
decrease.  However, the actual temperature of the waste at the time of the leak is somewhere 
between the waste temperature prior to receipt of A-102 waste and the temperature of the A-102 
waste.  A weighted average temperature of 192 oF can be calculated based on the relative 
amounts of A-102 supernatant added (407,000 gal) compared to the supernatant waste volume 
before receiving A-102 (125,000) gal and assuming the temperature of C-105 waste was only 
100 oF before receiving supernate from tank A-102.  Assuming saturated steam at 5 cfm this 
equates to ~ 8,000 gallons/year.  Although more reasonable, this evaporation estimate does not 
take into account potential heat losses.   
 
Lacking a known tank waste temperature at the time of the leak, evaporation estimates are highly 
uncertain such that liquid level decreases observed may be entirely or only partially due to 
evaporation.  Consequently, leak volume and inventory estimates will be based only on vadose 
zone gamma logging measurements.     
 
Tank Leak Estimate based on Dry Well Gamma Logging 
As noted, previously, only the contamination observed in drywell 30-05-07 is attributed to a 
potential leak from tank C-105.  The 137Cs activity levels were much lower and nearer to the 
waste surface or tank spare inlet ports for all other dry wells.  Even in dry well C4297, only 9 ft 
away from drywell 30-05-07, significantly lower gamma activity was measured well above the 
tank bottom.  Therefore only drywell 30-05-07 measurements were included in tank leak 
calculations. 
 

 
Tank 241-C-105 Assessment  
 
As shown in section 3.4.3, it is probable that the contamination around SST 241-C
from different events.  Pipeline V103, the cascade overflow pipeline from SST 241-C-
inlet nozzles on SST 241-C-105, and a leak near the b
of waste loss events. 
 

contamination in other 
attributed to a tank leak.  The “lower
the future timate near 
Releases (UPRs).   
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The concentration for 137Cs in PSN-IX supernatant in tank C-105 in 1969 was 4.34 Ci/gal 
anaka 1971).  The same concentration is assumed at the time of the leak.  Leak volumes based 

tion, soil density of 2.0 g/cm3 and gamma logging measurements 
ee Figure 4-25) were calculated as follows: 

ssumed.  The assumption that the leak may not have extended much 
eyond 30-05-07 is based on the observation that the leak concentration may be below Cs-137 

is a 165 

 ft radius and 10 ft long cylinder = 8.1 m  @ 10  pCi/g 
Volume of 3 ft radius and 20 ft long cylinder = 16.2 m3 @ 105 pCi/g 

165 Ci / 4.3 Ci/gal = 38 gal 

 was 
 

 found 
g 

 

For a tank diameter of 75 ft, ¼ circumference = 2πr/4 = 2π(37.5)/4 = 59 ft 

9 = 28,280 ft = 800 m  @ 10  pCi/g 
800 m  * 2 g/cm  * 10  pCi/g =160 Ci 

(T
on a 4.34 Ci/gal 137Cs concentra
(s
  
1. For a minimum leak volume a 30 ft long cylinder (10 ft with Cs-137 logged at about 107 pCi/g 
and 20 ft at about 105 pCi/g), with a point source leak and a 3 ft radius (distance from the tank to 
drywell 30-05-07) is a
b
sorption capacity and is based on the theory that 137Cs sorption capacity is reached before a 
plume continues to migrate (See Appendix B).  The resulting calculation, shown below, 
Ci plume.  For a 4.3 Ci/gal waste concentration this would be less than a 40 gal leak. 
   
 

Volume of 3 3 7

 
8.1 m3 * 2 g/cm3 * 107 pCi/g = 162 Ci     
16.2 m3 *2 g/cm3 * 105 pCi/g = 3 Ci 
 

 
2.  A maximum leak volume was calculated assuming a leak could extend along as much as a 
quarter of the tank perimeter without being detected.  For simplicity of geometry, the leak
assumed to spread horizontally 24 ft, 12 ft outside the tank perimeter and 12 ft under the tank
from 35 to 65 ft bgs (12 ft is the distance between the tank and the closest dry well to 30-05-07 
(vadose zone borehole C4297) showing no indication of contamination comparable to that
in 30-05-07).    This forms a plume 30 feet below the base of the tank with an inner an outer rin
(like a rind) with radiuses of 25.5 feet and 49.5 ft respectively.  The upper 10 feet of the plume
has a concentration of 107 pCi/g 137Cs and the concentration of the lower 20 ft is 105 pCi/g 
Cs-137.  
 

Upper Plume Volume = 10*24*59 = 14,140 ft3 = 400  m3 @ 107 pCi/g 
400 m3 * 2 g/cm3 * 107 pCi/g = 8,000 Ci     

 
Lower Plume Volume = 20*24*5 3 3 5

3 3 5

 
(8,000 + 160)Ci / 4.3 Ci/gal = 1,900 gal or ~ 2,000 gal 
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MEETING SUMMARY 

 
 
From: J. G. Field, CH2M HILL Hanford Group, Inc 
Phone: 376-3753 
Location: Ecology Office, 
Date: September 25, 2007 
Subject: Tank Farm Leak Evaluation  
 
To:  Distribution/Attendees 
 
Attendees: Joe Caggiano, ECOLOGY 

 
 
 
 
 o

 participants that comments were requested by September 28.   

As part d that the 
team id inventory 
ncerta estimates.   

UPR 2
Ecolog  the previous meeting and concurred with a 
maxim
gallons ce.  This equates to a maximum 
137Cs inventory of 9,000 Ci (what is the decay date for this inventory?).  

It was noted that the distribution of waste in the soils was consistent with information reviewed 
from other sources. 
 
 

  Jim Field, CH2M HILL 
 Les Fort, ECOLOGY 

Paul Henwood, S.M. Stoller  
 Linda Lehman, CH2M HILL 
 Mike Johnson, CH2M HILL 
 Marcus W od, FLUOR 

 
   

PURPOSE: 
Complete UPR 200-E-82 Assessment and start UPR 200-E-86 Assessment. 
 
Review of Previous Meeting Summary: 
The August 28, 2007 meeting summary was reviewed and approved with minor edits.    
 
C-Farm Assessment Report  
Discussed the draft C-Farm Assessment Report (RPP-ENV-33418 Rev. 1), which adds the tank 
C-111 and C-105 assessments.  Draft report was distributed for review on Sept. 13, 2007.  
Reminded
 

 of the assessment process, CH2M HILL and Ecology ma agem nt requesten e
ivities could further reduce entify/recommend where additional field act

inty in tank farm leak volume and inventory u
 

00-E-8  Assessment Conclusion 2
y reviewed the information presented in
um leak inventory for UPR 200-E-82 of 2,100 gallons of PSN-IX waste, including 100 

 waste reported by Tanaka (1971) as reaching the surfa of
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UPR 200-E-86 Assessment 
Dr. Wood presented the conceptual model and information for UPR 200-E-86 from the WMA C 

ubsurface Conditions Descriptions Report (SCDR) (RPP-14430), which includes information 
HO-CD em to Metz dated November 9, 

al model for the line leak is inconsistent with AR Vault 
of 17,385 gallons of PSS containing 1.35 Ci/gal of 

ay da rical conceptual model accounts for only a 
f the 

rm Characterization Work Plan are to obtain 
aced around a Gunite cap covering the line leak at a 
ce liquid at the time of the leak.  Characterization 

owever, given the amount of contamination 
 model and because no contamination was found in 
 extend further North than previously thought and 

te covering may be needed.  

ination extent in the next 

eptable" uncertainty and how to handle “small” UPRs 

 Write-up on potential additional waste loss events in C Farm  

v. 1 “Hanford C-Farm Leak Assessments Report: 241-

S
from R -673; a letter on the PSS line leak from Borshi

onal drywell data was obtained near this UPR.  Dr. Wood 1972 (UN-216-E-14).   No additi
observed that the historical conceptu

s mass balance data showing a leak loss proces
137Cs (dec te of February 1971).  The histo

action o 137Cs lost based on process records.   fr
 

urrent plans described in the Near Term C-FaC
direct push samples from a ring of holes pl

rfalocation defined by the occurrence of su
north of the Gunite cap is a good location.  H
nacco ted fou un r by the historical conceptual

wells 1,2,3, 6 and 7, the  contamination could
additional characterization further north of the Guni
 
Additional references will be reviewed to further assess contam
meeting.  
 
NEXT MEETING AGENDA  

1. Complete UPR 200-E-86 Assessment and start UPR 200-E-81 and UPR 200-E-27.  
If time, continue discussion on "acc
and overflows. 

2. Quantify UPR & C-Farm leaks in the Soil Inventory Model (SIM) 
3. Discuss Mike Johnson's
 

ACTIONS: 
1. J. Field:  Prepare and distribute September 25, 2007 Draft Meeting Summary. 
2. P. Henwood:  Review logging data near UPR 200-E-81 and UPR 200-E-27. 
3. M. Wood:  Prepare 200-E-81 information developed for the C-Farm FIR 
4. M. Johnson: Review UPR-200-E-86 references for further discussion 
5. M. Johnson: Prepare UPR 200-E-27 information 
6. J. Field:  Prepare SIM C-Farm inventory estimates 
7. All:  Review RPP-ENV-33418, Re

C-101, 241-C-110, 241-C-111 and 241-C-105.  
 
 

NEXT MEETING:   
te:  October 9, 2007 Da

 

Time:  3:00-4:30 
Location: ECOLOGY Office 
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MEETING SUMMARY 

: 
ent and start UPR 200-E-81 and UPR 200-E-27.  

6 Assessment 
3, and 114 
n box at 

-2-58609, 
alled, by-

cluded in the 
es to drawings in report.] 

 
c  1971).  Inventory estimates for other 
constituents will be ratioed based on the measured Cs concentration and Soil Inventory Model 

is insufficient to determine a minimum or central tendency leak loss 
nal characterization work is planned for FY 2008. 

ted infor ation on this UPR.  RHO-CD-673 identifies 
UPR 200-E-81 as a line leak from PUREX plant to tank 102-C near the 241-CR-151 diversion 
box.  Approximately 36,000 gallons of waste was lost to the soil.  A puddle of contaminated 

 
 
From: J. G. Field, CH2M HILL Hanford Group, Inc 
Phone: 376-3753 
Location: Ecology Office, 
Date: October 9, 2007 
Subject: Tank Farm Leak Evaluation  
 
To:  Distribution/Attendees 
 
Attendees: Jim Field, CH2M HILL 
  Les Fort, ECOLOGY 
  Paul Henwood, S.M. Stoller 
  Linda Lehman, CH2M HILL 
  Mike Johnson, CH2M HILL 
  Beth, Rochette, ECOLOGY 
  Marcus Wood, FLUOR 
  
PURPOSE
Complete UPR 200-E-86 Assessm
If time, continue discussion on "acceptable" uncertainty and how to handle “small” UPRs and 
overflows 
 

 of Previous MReview eeting Summary: 
The September 25, 2007 meeting summary was reviewed and approved.    
 
UPR 200-E-8
Add oiti nal references pertaining to the UPR were discussed.  ARH-1895-1 p.88-91, 11
identify a suspected leak in the PSS line between the 244 AR vault and 151-C diversio
about 10 gal/min and state that “about 80 feet of line must be replaced.”  Drawings H
H-2-61967 and H-2-61962 presented show that that a new section of line was inst
passing the contaminated area.  Drawings and information discussed will be in
assessment report. [Decision made to only include referenc
 
The bounding volume of the leak was determined to be 17,350 (17K) gallons of PSS liquid waste
on ining 1.35 Ci/gal of 137Cs (decay date of Februaryta

(SIM) estimates.  Data 
inventory for this UPR.  Additio
 
UPR 200  Assessmen-E-81 t 
Mike Johnson and Marcus Wood presen m

Page 213 of 222 



RPP-ENV-33418 Rev. 1 

liquid (approximately 6 X 40 feet) was discovered 
The UPR will be further describ

a few feet west of the 151-CR diversion box.  
ed in the assessment report.  The inventories for several 

onstituents are included in RHO-CD-673; all other constituent inventories will be ratioed to Soil 
ventory Model (SIM) estimates.  The bounding leak volume was determined to be 36,000 

.  Like entral tendency waste volume and 
. 

PR.  Three references were cited.  The Hanford 
e Man  669) states in 1960 

ings of 50 to 100 millirads/hour was found near 
side the tank farm fence area were up to 40,000 

onmental Contamination Incidents at Hanford, 1958 – 
ber 1, 1960 during work in the 241-CR vault, winds 

 generally east and out to several hundred feet 
eyond he lim n levels around the vault were on the order of 50 to 

h as 40,000 c/m on a GM meter.  No private 
 Department Monthly Report for November 

uded unplugging of the drain line in the 001 vault; 
he 001-CR sump weight factor dip tube” and installation and change out of 

nt of fission 

release is still present in this area.  Particulate 
and are not included in SIM.  No inventory was 

 

 

c
In
gallons UPR-86, there was no basis for a minimum or c

 UPR is planned in FY 2007additional characterization of this
 
UPR 200-E-27 Assessment 
Mike Johnson presented information on this U
ite Wast agement Units Report (DOE-RL-88-30, rev. 15 pageS

“Beta/gamma contamination (specks) with read
e vault. Readings of particles on surfaces outth

counts/minute”.   The Summary of Envir
1964 (HW-84619, page 7) states “On Novem

read ntamsp co inated particles from the vault
b  t ited area fence.  Contaminatio
100 mrad/hr.  Particles outside the fence read as hig
vehicles were involved.”  The Chemical Processing
1960 (HW-67459 page B-2) states that, “a heavy schedule of diversion box work was 

ing the month.  This work inclexperienced dur
 tunplugging of

several jumpers in the 244-CR vault.  HW-67459 page B-3 also states “a small amou
product contamination was spread during work in a diversion box in the 241-CR tank farm.  
Levels varied from 50 to 100 mrad/hr at the edge of the box”.  CH2M HILL will  look at routine 

rm surveys to see if they indicate a particulate fa
releases are generally assumed to be small 
determined for this UPR. 
 
Other UPRs and Releases 
Other UPRs and releases in the C-Farm were then considered.  A print out showing leak volume 
and inventories currently in SIM for C-Farm was discussed.  A description of all UPRs will be 
included in the assessment report for completeness.  In the next meeting Mike Johnson will 
discuss supplemental contamination information for tank overflows and line leaks and Paul 
Henwood (S. M. Stoller, Inc.) will provide an overview of Dry well information in C-Farm to
determine if other areas should be assessed by the team.    
 
NEXT MEETING AGENDA  

1. Review Radiation Surveys for UPR 200-E-27.   
2. Review and discuss supplemental contamination information. 
3. Look at remaining C-Farm tanks.  
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ACTIONS: 

1. J. Field:  Prepare and distribute October 9, 2007 Draft Meeting Summary. 
2. P. Henwood:  summarize C-Farm dry well data and other potential contamination are
3. M. Johnson: Prepare assessment report input for UPRs 200-E-82, 86, 81 and 27. 
4. M. Johnson: Review recent radiological surveys associa

as. 

ted with UP 200-E-27 and down 
wind to determine if radioactivity levels are elevated in this location. 

view of RPP-ENV-33418, Rev. 1 “Hanford C-Farm Leak 5. Ecology:  Complete re
Assessments Report: 241-C-101, 241-C-110, 241-C-111 and 241-C-105.  

 
 

NEXT MEETING:   
Date:  October 23, 2007 
Time:  3:00-4:30 
Location: ECOLOGY Office 
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MEETING SUMMARY 

S
 

tion/Attendees 

 OGY 

  Paul Henwood, S.M. Stoller 
  Mike Johnson, CH2M HILL 
  Beth, Rochette, ECOLOGY 
    
PURPOSE: 
Review Radiation Surveys for UPR 200-E-27.   
Review and discuss supplemental contamination information. 
Look at remaining C-Farm tanks.  
 
Review of Previous Meeting Summary: 
The October 9, 2007 meeting summary was reviewed and approved with changes to include the 
action to review radioactivity surveys in C-farm associated with the UPR 200-E-27 particulate 
release.   Ecology noted that additional time was needed to complete a review of DRAFT RPP-
ENV-33418, Hanford C-Farm Leak Assessments Report: 241-C-101, 241-C-110, 241-C-111 and 
241-C-105. 
 
UPR 200-E-27 Assessment (continued) 
Radioactivity surveys from 1996 to 2001 from the electronic records were presented and 
discussed.  No radioactivity surveys were available closer to the time of the release.  If these 
exist they are likely in the archives in Seattle and may be difficult to find.  Photos presented 
indicate the release was uncovered up to 1993.  The 1960 release was foamed after 1993 and 
covered with gravel and probably grouted when down posted in late 1997.   The Radioactive 
dose was 37mR/hr after being foamed and <5 mR/hr after grouting.   
 
It was agreed that information discussed should be included in the assessment report, but there is 
no basis provided for an inventory estimate.  Subsequent surface investigations could consider 
sampling in this area.   
 
S. M. Stoller Review of Unaccounted for Borehole Contamination in C-Farm 
Stoller presented data for boreholes near tanks C-108/109, C-103 and C-104/105.  The data 
clearly shows the presence and movement of Co-60 (generally at concentrations < 50 pCi/g).  

 
 
From: J. G. Field, CH2M HILL Hanford Group, Inc 
Phone: 376-3753 

on: Ecology Office, Locati
Date: October 23, 2007 

ub ect: Tank Farm Leak Evaluation j

To:  Distribu
 
Attendees: Joe Caggiano, ECOL

Jim Field, CH2M HILL 
  Les Fort, ECOLOGY 
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Possible sources for the contam
104/105, C-108/109, and possib

ination were discussed including cascade lines near tanks C-
le C-103 line leaks or an overfill near the inlet.  It appears none 

f the borehole data presented unambiguously showed an indication of additional tank leaks in 
-Farm, other than those previously assessed.  However, it clearly showed the presence of 

rrelate with in-tank liquid level 
ption that 

t be valid, as releases from other sources within a farm may 
 a borehole.  The S. M. Stoller presentation will be 

ed.  It was noted that radioactivity 
lly lower than radioactivity levels for tank leaks and 

 co face level contamination data is needed to assess 
ion discussions and recommendation by the 

t for identifying additional surface characterization 
ning a relative percentage or fraction of tank 

ination was discussed and 

tential sources of contamination from pipe 
ry estimates for these 

 
tober 23, 2007 Draft Meeting Summary. 

d other 

o
C
additional contamination.  Drywell logging data that do not co

f a release may be difficult to interpret.  An assummeasurements or other evidence o
the nearest tank is the source may no
migrate to a position so as to be detected in
included in the assessment report.  
 
Other Releases 

eneral surface contamination in the farms was then discussG
levels for surface contamination are genera
deep vadose urntamination.  However, s
direct exposure impacts.  Surface contaminat

nt teaassessme m will provide a starting poin
needs in the C-Farm DQO.   The possibility of assig
leak inventory estimates to encompass potential surface contam
dismissed. 
 
Next meeting Mike Johnson will present other po
leaks, overflows and spills and the team will continue to discuss invento
sources. 
 
 
NEXT MEETING AGENDA  

1. Review and discuss supplemental contamination information. 
2. Look at remaining C-Farm tanks.  
 
 

CTIONS:A
1. J. Field:  Prepare and distribute Oc
2. M. Johnson: Prepare assessment report input for UPRs 200-E-82, 86, 81 and 27 an

information. 
3. Ecology:  Complete review of RPP-ENV-33418, Rev. 1 “Hanford C-Farm Leak 

Assessments Report: 241-C-101, 241-C-110, 241-C-111 and 241-C-105.  
 
 

EXT MEETING:  N  
Date:  November 6, 2007 
Time:  3:00-4:30 
Location: ECOLOGY Office 
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MEETING SUMMARY 

 
 
From: J. G. Field, CH2M HILL Hanford Group, Inc 
Phone: 376-3753 
Location: Ecology Office, 
Date: November 6, 2007 
Subject: Tank Farm Leak Evaluation 

Beth, Rochette, ECOLOGY 

ss next Tank Farm to assess  

mmary: 
 Ecology.  The 

Supplemental C-farm Information 
 discussed his write-up of supplemental information including potential waste 

 
No other tanks or UPRs in C-Farm were identified to be assessed at this time.  

curre proach was discussed to estimate a near surface source term 
 soil in the farm, excluding tank volumes but including 

r UPRS was determined.  A curie content for 
that volume was then estimated based on Dry Well data in the farm.  The drywells show that 
from 0 to 15 feet below grade the Cs-137 content for most wells is < 100 pCi/g.  Applying this 
concentration across the farm equates to about 17.8 Ci of Cs-137 measured in the waste surface.  

 
To:  Distribution/Attendees 
 
Attendees: Joe Caggiano, ECOLOGY 

Jim Field, CH2M HILL 
  Les Fort, ECOLOGY 
  Paul Henwood, S.M. Stoller 
  Mike Johnson, CH2M HILL 
  Linda Lehman, CH2M HILL 
  
    
PURPOSE: 

Review and discuss supplemental contamination information. 
Discu

 
Review of Previous Meeting Su
The October 23, 2007 meeting summary was revised per comments received from
revisions were reviewed and approved.  
 

Mike Johnson
losses from spare inlet nozzles due to tank overflows, suspect pipeline waste loss events and 
potential contamination from a drywell associated with building 241-C-801.  The information 
presented will be included in the assessment report.  Except for specific UPRs and tanks 

d, none of theassesse  supplemental information was sufficient to estimate a released waste 
volume or inventory. 

 
Near Surface Source Term 

on an apBased on nt informati
for the C- farm.  The totank tal volume of
below grade equipment and pipe volumes and othe
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We can then look at waste types in the farm
ratio of Cs-137 to the waste typ

 and estimate the inventory for waste types by the 
e.   

his approach is better than a “0” inventory estimate, but additional data is needed to provide a 
urce term for direct exposure.  Direct dose measurements provide additional information to 

ation helps to focus locations for sampling, a probability 
timates and a better statistical basis for a 

 that near-surface sampling locations will be limited 
k farm scussed to help focus sampling is to review 

d 8 ft below ground surface.  These plots are 

pending completion of direct push or other field 
Results and discussions for UPRs and supplemental 

ssessment Report.  After being drafted, the 
 

 and AX farms after C-
r potential releases in A and AX farms will be 

 

T
so
characterize surface contamination. 
 
Although current near surface inform

asis for uncertainty esgrid is still preferred to provide a b
representative source term.  It was also noted
y the tan  infrastructure.  Another option dib

horizontal cross section dry well plots at 2 ft an
vailable in logging reports.   a

 
Assessment Report and Next Tank Farm to Assess 
This meeting concludes the C-farm assessments 

mplin  invessa g tigations and receipt of data.  
information will be added to Rev. 1 of the C-Farm A

port w ll be s view. re i ent to all team members for re
 

discussions are to retrieve tank waste in AEcology indicated that current 
sult, waste tanks, UPRs and otheFarm.  As a re

assessed next.    

 
NEXT MEETING AGENDA  

1. Assess Tank 241-A-105  
 
 

ACTIONS: 
1. J. Field:  Prepare and distribute November 6, 2007 Draft Meeting Summary. 
2. M. Johnson: Prepare Draft Assessment report for review. 
3. M. Johnson/Mark Wood: Prepare A-105 discussion for next meeting summarizing 

discussion in the C and A/AX FIR.   
 
 

EXT MEETING:   

fice 

N
Date:  November 27, 2007 

ime:  3:00-4:30 T
Location: ECOLOGY Of
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Appendix B 
 

37 sorbs strongly, rapidly and irreversibly in Hanford soils.  
he extent of Cs-137 migration is limited by the availability of sorption sites on the soil and 

s 

 
i/g.  This observation is best illustrated in borehole samples 

ompared with monitoring data for tank SX-108 (Figure 4-30).  Thus, these activity levels should 
s a drywell.  The gamma data also show 

 

-
 for this data set) the 1999 data shown in Figure XX have an average Cs-137 

oncentration of 2.0E+07 pCi/g with a maximum of 8.0 E+07 pCi/g.  This based on analytical 
ata and HRLS data with both shields (the est fit to analytical data).  Back decaying these values 

ak date) gives an average sorption capacity of 4.3 E+07 pCi/g 
8 pCi/g. 

 
 

Cesium-137 Sorption Logic 
 
Zachara et al (2002) shows that Cs-1
T
cesium ions fill available active sites as fluid moves through the soil column.  Thus, when fluid
containing Cs-137 enter the soil a plume is formed starting at the source and migrating outward 
to form a plume size and shape dependent on Cs-137 sorption capacity of the soil, Cs-137 
concentration of fluid, and fluid flow characteristics of the soil.  Spectral gamma logs in the 
single-shell tank farms indicate that the Cs-137 sorption capacity for the Hanford soils varies
from about 1E+06 to 1E+08 pC
c
be observed when a high-level waste plume approache
that high activity levels found in a Cs-137 plume drop quickly over short distances  Therefore, 
large plumes of Cs-137 below the sorption capacity generally do not form in Hanford soils.  This 
understanding of Cs-137 sorption chemistry in Hanford soils provides a methodology  to develop
rough leak volume estimates. 
 
The SX-108 slant borehole provides one of the only vadose data sets with both sample data and 
vadose monitoring data to assess Cs-137 sorption capacity.  From 55 to 90 ft bgs, (assumed Cs
137 sorption zone
c
d
to 1965 (the estimated SX-108 le
and a maximum value of 1.7 E+0
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