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EXECUTIVE SUMMARY

In 1998, spectral gamma logging system (SGLS) measurements showed what turned out to be a 
very thin spike of cesium-137 (137Cs) (approximately 2,000 pCi/g) at 40 ft below ground surface 
(bgs) in drywell 50-02-05 in 241-T Tank Farm (T Farm).  The 50-02-05 drywell is about halfway 
between Tanks 241-T-102 (T-102) and 241-T-105 (T-105).  In September 2008, SGLS 
measurements of drywell 50-02-05 showed higher dead time and that the detector was saturated, 
indicating an increased concentration of 137Cs.  High-rate logging system (HRLS) measurements 
obtained in 2009 showed that the 137Cs concentration in drywell 50-02-05 had increased to 
approximately 50,000 pCi/g.  In response to the increased radioactivity measured in drywell 
50-02-05, a leak assessment was initiated in 2009 to determine the source of the increased 137Cs
activity.  This report presents the information reviewed and the results of the leak assessment for 
Tanks T-102 and T-105. 

The method of analysis used for the leak assessment was Engineering Procedure 
TFC-ENG-CHEM-D-42, “Tank Leak Assessment Process.”1  The leak assessment was 
conducted beginning on June 23, 2009, and the Executive Safety Review Board (ESRB) was 
presented with background information and a path forward on June 30, 2009.  The path forward 
was subsequently documented in interoffice memorandum WRPS-09011562 on July 15, 2009.  
Additional field investigations were performed between 2009 and 2010 as part of the path 
forward.  Drywell logging and tank status was presented to the ESRB on August 18, 2009 and 
September 8, 2009.  In the September 2009 meeting, the logging frequency for drywell 50-02-05 
was recommended to be changed from monthly to quarterly because no changes were observed.  
Quarterly logging of drywell 50-02-05 continued until September 2010, when the logging was 
discontinued because no additional changes were observed.

After additional assessment investigation and preparation of a draft report, a meeting was held 
with the ESRB in 2014 recommending that Tanks T-102 and T-105 remain classified as “sound.”  
The ESRB recommended that drywell 50-02-05 be re-logged to make sure nothing had changed 
since the drywell was last logged in September 2010.  The drywell was re-logged on April 9 and 
10, 2014, and initial results indicated a 20 percent increase in 137Cs concentration since the 
drywell was last logged. This result was later refined to 16 percent; an 8 percent decrease was 
expected due to 137Cs decay.

Upper management was informally briefed of the results, and the assessment team reconvened to 
discuss results and a path forward.  As part of action plan WRPS-0901156,2 additional logging of 
drywell 50-02-05 and the four surrounding drywells was recommended to confirm the results 
were correct.  Drywell logs from June 9–16, 2014 confirmed an increase in drywell 50-02-05 
over 2010 and confirmed no change in surrounding drywells.

                                                
1  TFC-ENG-CHEM-D-42, 2017, “Tank Leak Assessment Process,” Rev. B-9, Washington River Protections 

Solutions, LLC, Richland, Washington.
2 Washenfelder, D. J., 2009, “Drywell 50-02-05 Investigation Plan, Revision 0,” (interoffice memorandum 

WRPS-0901156 to T. L. Steelman, July 15), Washington River Protection Solutions, LLC, Richland, Washington.
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A problem evaluation request (PER) task was assigned (WRPS-PER-0806.73) to complete an 
action plan for a path forward.  The assessment was put on hold until the action plan was 
prepared and completed.

Action plan RPP-PLAN-60001, Drywell 50-02-05 Investigation Plan,4 was released 
October 2014.  A key part of the action plan was direct-push logging and sampling. Although 
the path forward was approved, budget and resources were not available for the direct push 
characterization.  A decision was made to complete the leak assessments for Tanks T-102 and 
T-105 without the soil characterization.  The leak assessment was resumed June 20, 2017.  In 
support of the assessment, drywell 50-02-05 and the four surrounding drywells were again 
logged on August 2017 using the radiation assessment system (RAS) and SGLS to track any 
increase that may have occurred.  Drywell logging in August 2017 indicated a 12 percent 137Cs
increase in drywell 50-02-05 from the 2014 logging, with no change in surrounding drywells.

A video and Enraf5 measurements in September 2014 obtained from Tank T-102 confirmed the 
Enraf plummet in Tank T-102 was measuring a liquid surface.  The Enraf gauge had corrective 
maintenance performed and a calibration completed in April 2015.  The data were evaluated for 
one year, and the gauge calibrated again in 2016.  The data evaluation showed no measurable 
decrease from the Tank T-102 liquid pool.

A video was obtained in August 2017 to determine if there was any change to the liquid on the 
waste surface in Tank T-105 compared to the last photos in 1987.  The Enraf plummet in 
Tank T-105 is resting on solids away from any liquid. Comparing the 1987 to 2017 photos of a 
liquid interface on the saltwell screen indicates a liquid decrease range of 30 to 120 gal/yr.  An 
evaporation rate of approximately 70 gal/yr was estimated using rough engineering assumptions.  
The analysis indicates that evaporation may account for the decrease, but with the large number 
of variables involved, the comparison is not conclusive.

The leak assessment panel reviewed in-tank and ex-tank information and developed the 
following leak and no-leak hypotheses individually for Tank T-102 and T-105.

TANK T-102

Tank T-102 Leak Hypothesis

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
Tank T-102.

Tank T-102 Non-Leak Hypothesis

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a source other 
than Tank T-102.

                                                
3  WRPS-PER-0806.7, 2014, “Drywell 50-02-05 Investigation Action Plan,” Washington River Protection 

Solutions, LLC, Richland, Washington.
4  RPP-PLAN-60001, 2014, Drywell 50-02-05 Investigation Plan, Rev. 0, Washington River Protection 

Solutions, LLC, Richland, Washington.
5  Honeywell Enraf is a product of Honeywell Process Solutions, Strahlenbergerstr. 110-112, 63067 Offenbach, 

Germany.
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TANK T-105

Tank T-105 Leak Hypothesis

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
Tank T-105.

Tank T-105 Non-Leak Hypothesis

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a source other 
than Tank T-105.

Based on the in-tank and ex-tank information, a numerical probability was determined for each 
of the hypotheses by each of the assessment team members in the final meeting held on 
September 12, 2017.  The assessment team probability scoring resulted in the conclusion that 
there was no direct data to determine the source of the drywell 50-02-05 spike, and that indirect 
data (i.e., drywell logging and surface level measurements) were insufficient to conclusively 
point to a source for the increased 137Cs measurements.  With the stable surface level data for 
Tank T-102, the small level decrease for Tank T-105 being within an estimated range 
explainable by evaporation, and other information from meeting minutes, the team concluded 
that Tanks T-102 and T-105 should remain classified as “sound” tanks.

There is currently insufficient data to determine the source or cause of the increasing 137Cs in 
drywell 50-02-05.  Direct pushes with soil sampling in strategic locations, along with other 
diagnostic tools (possibly resistivity), are recommended to potentially resolve the questions of 
why the 137Cs is moving, what caused it to move, and where the 137Cs moved from.  The 
50-02-05 137Cs is on a continuing upward trajectory, including the logging conducted in 
August 2017, and should at least be tracked on a periodic basis.

ESRB review and concurrence with the results of the assessment are not required by the ESRB 
Charter (TFC-CHARTER-32) as the assessment results do not change the classification status of 
the tanks.
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TERMS

Abbreviations and Acronyms

1C first cycle (waste from bismuth phosphate process)
2C second cycle (waste from bismuth phosphate process)
60Co cobalt-60
94Nb niobium-94
99Tc technetium-99
106Ru ruthenium-106
125Sb antimony-125
126Sn tin-126
137Cs cesium-137
152Eu europium-152
154Eu europium-154
238U uranium-238
BiPO4 bismuth phosphate
BL B Plant low-level waste
CW cladding waste
DST double-shell tank
DW decontamination waste
EB evaporator bottoms
ESRB Executive Safety Review Board
FIC Food Industry Corporation (gauge)
HGU Hanford gamma unit
HLO Hanford laboratory operations waste
HRLS high-rate logging system
IX ion-exchange waste
LOW liquid observation well
MDL minimum detection level
MW metal waste 
NaI sodium iodide
PCSACS personal computer surveillance analysis computer system
PER problem evaluation request
PUREX plutonium-uranium extraction
R reduction-oxidation (S Plant) high-level waste
RAS radiation assessment system
RASm radiation assessment system medium detector
RASs radiation assessment system small detector
REDOX reduction-oxidation
RIX reduction-oxidation ion exchange
SGLS spectral gamma logging system
SST single-shell tank
UO unusual occurrence
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Units

°F degrees Fahrenheit
µg microgram
bgs below ground surface
Ci curie
cm centimeter
cps counts per second
ft feet
ft3 cubic feet
g gram
gal gallon
in. inch
kgal thousand gallons
m meter
M molar
ohm-m ohm meter
pCi picocurie
pH hydrogen ion potential
yr year
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1.0 INTRODUCTION

This document provides the results of a tank integrity leak assessment performed for 
Tanks 241-T-102 (T-102) and 241-T-105 (T-105).  The assessment was initiated in response to 
increased cesium-137 (137Cs) activity observed in drywell 50-02-05 located between 
Tanks T-102 and T-105 at approximately 40 ft below ground surface (bgs).  The leak assessment 
process is described in Engineering Procedure TFC-ENG-CHEM-D-42, “Tank Leak Assessment 
Process.”

Tanks T-102 and T-105 are 530,000-gal, 75-ft diameter, underground mild steel-lined concrete 
shell tanks placed into service in 1945 and 1946, respectively.  The tanks received and stored
waste until 1976, when they were removed from service.  Tank T-102 was declared interim 
stabilized in March 1981.  However, as a result of water intrusions into the tank, the tank 
currently contains an estimated 13,000 gal of supernatant.  Tank T-105 was declared interim 
stabilized in June 1987.  Both tanks are currently classified as “sound” (HNF-EP-0182, Waste 
Tank Summary Report for Month Ending September 30, 2017), meaning that to date there has 
been no evidence of a breach in the tank liners.

Tank surface levels were monitored for intrusions and leaks using manual tapes, Food Industry 
Corporation (FIC) gauges, and Enraf1 gauges.  An unexplained increase in the surface level 
results in investigating the possibility of an intrusion.  An unexplained decrease in the surface 
level results in investigating a potential tank leak.  RPP-RPT-58931, Single-Shell Leak 
Detection, Intrusion, and Monitoring Description, provides the response to unexplained surface 
level anomalies including a description of surface level gauges and operations.

Drywells were drilled around Tanks T-102, T-105, and other 241-T Tank Farm (T Farm) tanks in 
response to the 1973 leaks from Tank 241-T-103 (T-103) and Tank 241-T-106 (T-106).  
Figure 1-1 shows the location of drywells in T Farm.  Each of the drywells was monitored using 
logging tools to measure total gamma and spectral gamma radioactivity.  

In-tank videos and surface level monitoring data, ex-tank drywell monitoring data, and tank 
operations information were reviewed to assess Tanks T-102 and T-105 as potential sources for 
the increased gamma activity in drywell 50-02-05.

                                                
1 Honeywell Enraf is a product of Honeywell Process Solutions, Strahlenbergerstr. 110-112, 63067 Offenbach, 

Germany.
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Note: Shaded tanks are currently classified as assumed leakers (HNF-EP-0182, 2017, Waste Tank Summary Report for Month 
Ending September 30, 2017, Rev. 357, Washington River Protection Solutions, LLC, Richland, Washington.) 

Source:  GJ-HAN-116, Hanford Tank Farms Vadose Zone Tank Summary Data Report for Tank T-102, U.S. Department of 
Energy, Albuquerque Operations Office/Grand Junction Office, Grand Junction, Colorado.

Figure 1-1. T Farm Plot Plan
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2.0 METHOD OF ANALYSIS

The method of analysis used was Engineering Procedure TFC-ENG-CHEM-D-42.  This formal 
leak assessment process is based on probabilistic analysis to assess the mathematical likelihood 
(probability) that a specific tank is leaking or has leaked.  The technical basis for the process, and 
additional details and examples of the methodology for implementing the process are provided in 
HNF-3747, Tank Leak Assessment Process: Technical Background.  A description of the 
process, products, and other guidance is provided for each step in the assessment process.

Probability is defined as a measure of the state of knowledge or belief that a specific state of 
nature (e.g., a tank has leaked or is leaking) is true.  The probability score is between 0 (absolute 
certainty that the state of nature is not true) and 1 (absolute certainty that the state of nature is 
true). The process starts with a prior probability independent of the available data. This 
establishes any pre-evaluation bias that a tank is leaking or has leaked without consideration of 
the specific data initiating this process (i.e., no pre-evaluation bias, either for or against a leak). 
A prior probability of 0.5 indicates no pre-evaluation bias.  Reviews of in-tank and ex-tank data 
are then performed to establish conditional probabilities for whether the leak hypothesis or the 
non-leak hypothesis is supported by the data. The conditional probabilities are used to adjust 
the leak probability toward a leak hypothesis (probability > 0.5) or a non-leak hypothesis 
(probability < 0.5).

The leak assessment in 2009 used a panel of experienced engineers and managers to review the 
Tank T-102 and T-105 historical data due to the increased radiation in drywell 50-02-05.  The 
panel consisted of: 

• D. J. Washenfelder (Assessment Coordinator, Tank and Pipeline Integrity 
Program Manager)

• D. G. Baide (Manager, SST R&C Process Engineering)

• J. W. Ficklin (Base Operations Maintenance/Single-Shell Tank Facility Manager)

• J. G. Field (Vadose Zone/Tank Process Engineer)

• J. R. Follett (Base Operations Process Engineer)

• D. G. Harlow (Technical Consultant, Tank and Pipeline Integrity)

• K. J. Hull (Base Operations System Engineer)

• L. S. Krogsrud (Base Operations System Engineer).

The panel first convened on June 23, 2009, and the Executive Safety Review Board (ESRB) was 
presented with background information and a path forward.  An initial drywell 50-02-05 
investigation plan WRPS-0901156, “Drywell 50-02-05 Investigation Plan, Revision 0”
(Washenfelder 2009) was issued, and eight panel meetings were conducted to July 15, 2014
(Appendix A). During this time, the panel members researched information on operating history
and the configuration of T Farm and Tanks T-102 and T-105, investigated surrounding drywell 
logs and specific T Farm leaking tanks, evaluated drywell 50-02-05 log data reports, and made 
recommendations. In-tank and ex-tank data forms were developed to summarize the available 
information, and an informal hybrid leak/no leak hypothesis was formulated.
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The panel presented results and recommendations to the ESRB on March 24, 2014 (Appendix 
B). The ESRB presentation resulted in concurrence with the recommendation that the tanks 
remain classified as “sound,” and that additional logging of drywells be conducted to determine 
if there had been any change since the last logging.  No change was reported in four of the five 
drywells; however, there was an increase in drywell 50-02-05. This change was reported to 
upper management, and an investigation resulted in the need for a path forward.  The assessment 
was put on hold until the action plan was issued (RPP-PLAN-600001, Drywell 50-02-05 
Investigation Plan).  Budget and resource constraints curtailed a key part of the plan for direct
push characterization.

A decision was made to complete the leak assessment without performing direct push 
characterization, and the leak assessment panel resumed meeting June 20, 2017, with the 
following members:

• R. E. Mendoza (Assessment Coordinator, Tank and Pipeline Integrity/Tank Monitoring 
Engineering Manager)

• J. G. Field (Production Operations Process Engineer)

• M. S. Garrett (Productions Operations Manager)

• D. G. Harlow (Tank and Pipeline Integrity Technical Consultant)

• J. S. Schofield (Tank and Pipeline Integrity Technical Consultant)

• H. A. Sydnor (SST Closure and Interim Measures Engineer)

• T. J. Venetz (Tank and Pipeline Integrity Engineer)

• J. A. Voogd (Production Operations Environmental Compliance)

• D. J. Washenfelder (Tank and Pipeline Integrity Technical Consultant).

The panel reviewed existing information from meetings #1 through #8 in meeting #9 and 
developed further inquiries through meeting #14 (Appendix A).  This included review of drywell 
logging data, analysis of detailed Tank T-102 and Tank T-105 liquid level history and leaks from 
adjacent tanks, and comparing historic photos and recent video of the T-105 tank and waste 
surface condition. Supporting information was also reviewed (e.g., T Farm barrier installation 
and soil moisture results, soil resistivity measurements, soil gamma attenuation, 137Cs soil 
sorption capacity), and considered potential causes of the 50-02-05 increasing 137Cs. Drywell 
50-02-05 and surrounding drywells were re-logged in 2017, with a reported increase in the 
50-02-05 137Cs and no change in surrounding drywells. This, along with other information from
the panel leak assessment meetings, was added to the in-tank and ex-tank data forms and 
reviewed in the final panel meeting on September 12, 2017.  The final meeting included approval 
of the leak/no leak hypotheses, compilation of individual probability scores, and consensus on 
the leak integrity recommendations for both Tank T-102 and Tank T-105.
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3.0 TANK WASTE PROCESS HISTORY

3.1 TANK T-102

Tank T-102 is a 530,000-gal capacity, 75-ft diameter, mild steel-lined concrete shell tank located 
on the north side of the 16-tank T Farm. Tank T-102 entered service in 1945 and is second in a 
three-tank cascading series consisting of Tanks 241-T-101 (T-101), T-102 and T-103.  These 
tanks are connected by a 3-in. cascade line.  The cascade overflow height is approximately 
15 ft-8 in. from the tank bottom and 2 ft below the top of the steel liner.

Figure 3-1 summarizes Tank T-102 waste processing operations.  Waste was initially added to 
Tank T-102 in the second quarter of 1945, with the cascade from Tank T-101 of metal waste 
initially from the bismuth phosphate (BiPO4) process.  The cascade was full in the first quarter of 
1946.  In the second quarter of 1953, all of the waste in Tank T-102 was transferred to 
Tank T-103.  The tank was declared empty at the end of 1953.  In the second quarter of 1955, 
metal waste was again cascaded to Tank T-102 from Tank T-101.  The tank was full again by the 
end of that quarter.  From the second quarter of 1956 to the third quarter of 1957, the tank 
received flush water from miscellaneous sources, and most of the waste was sent to the uranium 
recovery process either directly or through Tank T-103.  From the fourth quarter of 1964 to the 
second quarter of 1965, the tank received Plutonium-Uranium Extraction (PUREX) Plant
cladding waste from Tank 241-C-102 (C-102). In the third quarter of 1969, most of this waste 
was sent to Tank T-103 to be processed in the 242-T Evaporator.  In the third quarter of 1972, 
the tank received supernatant waste from Tank T-101.  In the second quarter of 1974, most of the 
supernatant was sent to Tank 241-S-110 (S-110) to be processed in the 242-S Evaporator.  In the 
first and second quarters of 1976, small amounts of supernatant waste were sent to Tank T-101
(HNF-SD-WM-ER-351, Historical Tank Content Estimate for the Northwest Quadrant of the 
Hanford 200 West Area).

Tank T-102 was declared inactive and was removed from service in 1976.  Saltwell liquor was
sent from the tank to Tank 241-SY-102 (SY-102) in the third and fourth quarters of 1978. No 
additions or transfers have been made since that time.  The tank was declared interim stabilized 
in March 1981, and intrusion prevention was completed in August 1981.  Tank T-102 is 
currently listed as “sound” (HNF-EP-0182).  Although the tank met the interim stabilization 
criteria in 1981, due to water intrusions into the tank between 1979 and 1984, Tank T-102 is 
currently estimated to contain 19,000 gal of sludge and 13,000 gal of supernatant liquid.  No 
further pumping was recommended to be performed on the tank (WHC-SD-WM-ER-622, 
Recommendation for Interim Stabilization of SSTs B-104, BX-103, T-102 and T-112).

The tank surface level was initially monitored using a manual tape.  In partial response to the 
Tank T-106 leak, the tank was later equipped with an automated FIC gauge.  The automated FIC 
gauge was replaced by a manual gauge in 1991 when the FIC failed.  The FIC was replaced with 
an Enraf surface level instrument in 1994.  The Enraf is currently deployed for surface level 
measurements for water intrusion detection.  Given the small amount of sludge remaining and 
the relatively low permeability of sludge, installation of a liquid observation well (LOW) for
interstitial liquid level measurements in Tank T-102 was deemed infeasible.
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Figure 3-1. Tank T-102 Operations Summary
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3.2 TANK T-105

Tank T-105 is a 530,000-gal capacity, 75-ft diameter, mild steel-lined concrete shell tank located 
on the north side of the 16-tank T Farm. Tank T-105 entered service in 1946 and is second in a 
three-tank cascading series consisting of Tanks 241-T-104 (T-104), T-105, and T-106.  These 
tanks are connected by a 3-in. cascade line.  The cascade overflow height is approximately 
15 ft-8 in. from the tank bottom and 2 ft below the top of the steel liner.

Figure 3-2 summarizes the Tank T-105 waste processing operations.  The first waste type 
introduced into Tank T-105 was second-cycle (2C) waste in 1946.  This waste consisted of 
effluent remaining after precipitation of plutonium product in the second decontamination cycle 
of the BiPO4 process at 221-T Plant (T Plant). The 2C waste filled the tank and cascaded to 
Tank T-106 from 1947 to the first quarter of 1948. Because Tank T-105 received waste directly 
from T Plant, 2C solids are expected to have been deposited in the lower portion of the tank. In
the second quarter of 1948, much of the 2C supernatant in Tank T-105 was sent to Tank T-107 
and then to a crib.  From the second quarter of 1948 to the first quarter of 1949, first-cycle (1C)
BiPO4 process waste cascaded into Tank T-105 from Tank T-104. Waste cascaded from 
Tank T-105 to Tank T-106 during this same period.  The 1C waste is characterized by a 
relatively high concentration of bismuth and aluminum. During the second quarter of 1951, the 
waste was transferred from Tank T-105 to Tanks 241-TX-117 (TX-117) and 241-TX-118
(TX-118). The 1C waste cascaded from Tank T-104 to Tank T-105 from the fourth quarter of 
1951 to the third quarter of 1954. In 1954, the supernatant in Tank T-105 was pumped out and 
sent to a crib. Supernatant waste was also sent to Tank TX-118 in the fourth quarter of 1954. 
The tank began receiving cladding waste (CW) at the beginning of 1955 and was full by the end 
of 1956.  Tank T-105 received supernatant from Tank 241-S-107 (S-107) in 1965. From 1967 to 
1968, supernatant was transferred to Tank TX-118 as feed to the 242-T Evaporator.  In 1967, 
Hanford Site laboratory operations waste from the 300 Area was transferred to Tank T-105.  In 
1968 and 1969, Tank T-105 received decontamination waste, a wash solution from equipment 
decontamination at T Plant.  Tank T-105 received transfers from other single-shell tanks (SST) 
of liquid waste mixtures containing 221-B Plant (B Plant) low-level waste and ion exchange 
waste in 1973. Supernatant was transferred to Tank T-106 in the same year and to Tank S-110 in 
1974 (HNF-SD-WM-ER-351).  Additional waste history and characterization detail for 
Tank T-105 is presented in RPP-16764, Origin of Waste in Single-Shell Tank 241-T-105.

A supernatant pump (P-10) was installed in Tank T-105 in February 1976, and the tank was 
pumped through April 1976 (WHC-MR-0132, A History of the 200 Area Tank Farms).  The tank 
was declared inactive in 1976 and administratively interim stabilized in June 1987 
(HNF-SD-RE-TI-78, Single-Shell Tank Interim Stabilization Record). There is currently 98 kgal 
of sludge and no supernatant reported to be in Tank T-105 (RPP-RPT-43163, 2009 Auto-TCR for 
Tank 241-T-105). 

The tank surface level was initially monitored using a manual tape.  In partial response to the 
Tank T-106 leak, the tank was later equipped with an automated FIC gauge.  The automated FIC 
was replaced by a manual FIC in 1984.  The FIC was replaced by an Enraf surface level 
instrument in 1995.  The Enraf is currently deployed for surface level measurements for water 
intrusion detection. Installation of an LOW for interstitial liquid level measurements in 
Tank T-105 could be used to track liquid level.
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Figure 3-2. Tank T-105 Operations Summary
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4.0 PAST TANK T-102 AND T-105 EVALUATIONS AND ASSESSMENTS

Tank T-102 supernatant was pumped in the second and third quarter of 1974, and surface level 
measurements for Tank T-102 have remained steady for all stagnant periods, except for water 
intrusion incidents. Unusual occurrence (UO) 83-16, “Tank 241-T-102 Liquid Intrusion,”
documents a liquid intrusion for Tank T-102 between January 1979 and December 1984.  During 
this time span, a liquid level increase of 1.8 in. was reported. According to UO 83-16, the source 
of the water intrusion into Tank T-102 was drainage from the TR-153 booster pump pit.  
Isolation of the TR-153 booster pump pit was accomplished on November 8, 1984, sealing off all 
known piping pathways.  The water intrusion was believed to be the result of higher than normal 
precipitation and drainage into the tank via pipes and encasements.

A surface level increase was reported for Tank T-102 on June 3, 1989, when FIC surface level 
measurements for Tank T-102 increased from 6.9 in. to 21.1 in. (TF-EFS-89-056, “Tank 
241-T-102 Surface Level Measurement Exceeds the 0.50-in. Increase Criteria and the 12.00-in. 
Maximum Operating Limit”).  The increase was determined to be due to faulty FIC readings, and 
the FIC was recalibrated.  This level increase is not reflected in the data points for June 3, 1989 
or after.  No other surface level increases have been reported in Tank T-102 since isolation was 
completed.

The Tank T-105 liquid level decreased between 1957 and 1961. No reports were found that 
specifically addressed the decrease in the Tank T-105 liquid level or the gamma level in drywell 
50-02-05 when it was drilled in 1974 (see Section 6.1.1.3). The Enraf in Tank T-105 is 
contacting solids and is not used for leak detection.  Section 5.0 provides a discussion of surface 
level data.

T Farm leak inventory assessments were conducted in 2013 in accordance with RPP-32681, 
Process to Assess Tank Farm Leaks in Support of Retrieval and Closure Planning. The 
assessments concluded that based on the 137Cs activity in drywell 50-02-05 and 1974 sample 
results of Tank T-102 supernatant, an estimated 50 to 500 gal of supernatant containing 20 to 
200 Ci of 137Cs may have been released to the soil if the source of activity in drywell 50-02-05 
was from a Tank T-102 leak (RPP-RPT-55084, Hanford 241-T Farm Leak Inventory Assessment 
Report).  Several potential sources for a release were identified, including Tanks T-102 and 
T-105, but a specific source could not be determined from the available data, and additional 
characterization was recommended in support of the TFC-ENG-CHEM-D-42 tank leak 
assessment that was in progress.

The key indicator of a leak near a tank is the presence of high concentrations of 137Cs in drywells 
starting at a level near the tank base.  Even with the increased radioactivity in drywell 50-02-05, 
the 137Cs activity is lower than would be expected for a nearby tank leak.  Except for under high 
saline conditions, 137Cs is largely expected to be immobile in Hanford soils at lower concentrations.  
As a result, the 137Cs provides a good indicator of a nearby leak source and provides a means of 
estimating the magnitude of a release (RPP-ENV-33418, Hanford C Farm Leak Assessments 
Report, Appendix D, provides additional information).  Although cobalt-60 (60Co) and 
europium-154 (154Eu) have been detected near many of the dry wells surrounding Tanks T-102 
and T-105, these are mobile radionuclides that may have migrated from another source.  
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Past increases in radiation readings of 60Co detected below 40 ft bgs in many of the drywells near 
Tanks T-102 and T-105 have been attributed to subsurface migration from the Tank T-106 leak
(RHO-ST-14, High Level Waste Leakage from the 241-T-106 Tank at Hanford).  The 60Co and 
154Eu detected at 40 ft bgs in drywells 50-02-08 and 50-02-09 are attributed to spare sidewall 
inlet releases from Tank T-103 from overfilling the tank.  The 137Cs peak in drywell 50-02-05 
between Tanks T-102 and T-105 has been present since 1974; to date the source of this 137Cs has 
not been explained.  Section 6.0 provides information and logging results for each of the 
drywells surrounding Tanks T-102 and T-105.

In April 2008, an approximate 1.5-acre interim surface barrier was installed over a portion of 
T Farm to mitigate recharge and migration of the plume from the Tank T-106 leak.  Water can 
cause 137Cs to migrate under certain soil conditions such as soils containing a high sodium 
concentration.  The barrier covers the ground surface above four tanks (T-105, T-106, T-108, and 
T-109), and portions of six other tanks (T-102, T-103, T-104, T-107, T-111, and T-112) (see 
Figure 4-1).

Many of the drywells covered by the barrier were re-logged in August and September 2008 with 
the spectral gamma logging system (SGLS).  Re-logging was limited to previously identified 
contaminated intervals in the drywells.  Some of the SGLS measurements showed higher dead 
time and the detector was saturated, indicating an increased concentration of 137Cs.  High-rate 
logging system (HRLS) measurements obtained in 2009 showed that the 137Cs concentration in 
drywell 50-02-05 had increased from approximately 2,000 pCi/g to approximately 50,000 pCi/g
(see Section 6.0). 

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 27 of 628



RPP-ASMT-55500, Rev. 0

4-3

Source: PNNL-16538, 2007, T Tank Farm Interim Surface Barrier Demonstration – Vadose Zone Monitoring Plan, Pacific 
Northwest National Lab

oratory, Richland, Washington.

Figure 4-1. T Farm Interim Surface Barrier Footprint

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 28 of 628



RPP-ASMT-55500, Rev. 0

5-1

5.0 IN-TANK DATA

5.1 TANK T-102 SURFACE LEVEL BEHAVIOR

The tank waste surface level data available for Tank T-102 going back to 1945 were reviewed.  
Appendix C provides level data plots and a detailed discussion of the Tank T-102 surface level 
data, including expanded plots of a number of stagnant periods between 1965 and 1979.  There 
were no periods when Tank T-102 level data showed any unexplained level decrease.  The 
manual tape, FIC plummet, or Enraf plummet appear to have always contacted a liquid surface,
except for in 1953 and between 1954 and 1965, when the level data show the tank to be empty.

A video taken in Tank T-102 on September 23, 2014, confirmed that the Enraf plummet was 
sitting on liquid with over an inch of liquid under the plummet above any waste solids.  The 
Enraf gauge was observed to have some internal problems resulting in the level data not being 
consistently repeatable.  Some of the gauge internals were replaced on April 20, 2015, and the 
gauge was calibrated with a reading of 19.08 in.  A 365-day period of data evaluation was then 
conducted, and the gauge was recalibrated on April 21, 2016.  The 365-day plot showed the 
annual cycle for any Enraf plummet sitting on liquid with an ending calibration value of 19.09 in.  
The evidence conclusively shows there was either no liquid loss from the tank during the period 
or any liquid loss was balanced by an intrusion, which would be unlikely.  No intrusion evidence 
was observed in the tank during the September 2014 video.

The results of the 2014 video, including screen images during the five tests done to determine the 
depth of liquid under the Enraf, are provided in RPP-RPT-58239, Fiscal Year 2014 Visual 
Inspection Report for Single-Shell Tanks.

There is no evidence of an unexplained level decrease in Tank T-102 going back to 1945, and no
surface level evidence of any leakage from the tank during the 365-day test from 2015 to 2016.

5.2 TANK T-105 SURFACE LEVEL BEHAVIOR

The tank waste surface level data available for Tank T-105 going back to 1945 were reviewed.  
Appendix D provides level data plots and a detailed discussion of the Tank T-105 surface level 
data, including expanded plots of a number of stagnant periods between 1952 and 1984.  The 
level gauge plummet was sitting on liquid until 1978 and has been sitting on sludge since.

Between January 1957 and July 1961, the liquid level in Tank T-105 decreased in four steps 
from 200 in. (or up to 204 in. depending on data used) to 195 in.  The decrease is equivalent to 
approximately 2,400 gal/yr.  The liquid level remained at 195 in. until the end of 1964, when 
liquid was added to the tank.

Between mid-1965 and mid-1966, the liquid level decreased an inch from 203 in. to 202 in.  
From mid-1969 to mid-1972, the level held steady at about 67 in.  From mid-1973 to mid-1974,
the level held steady at about 203 in., except for a nominal 1-in. drop on August 3, 1973,
probably due to a gauge issue.  From mid-1974 to late-1977, the liquid level held steady at about 
48.5 in., or showed a slight increase.
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The last liquid pumped from the tank was at the end of 1977.  The FIC plummet was sitting on 
sludge after pumping and subsequently showed a decrease from about 42 in. to about 41 in. 
between late-1977 and mid-1984.  This decrease is assumed to be due to the FIC plummet 
making a small depression in the waste solids based on photo images.  The manual tape data 
showed no net decrease from 1978 until mid-1981, when the manual tape data collection was 
halted.

The pre-1981 data for Tank T-105 are from a variety of sources that are not consistent with each 
other, so individual datapoints cannot always be compared.  The data show:

• An unexplained liquid level decrease of about 5 in. between January 1957 and July 1961
• A steady liquid level from July 1961 to December 1964
• An unexplained liquid level decrease of about 1 in. between mid-1965 and mid-1966
• A steady liquid level from mid-1969 to mid-1972
• A steady liquid level from mid-1973 to mid-1974
• A steady or slightly increasing liquid level from mid-1974 to late-1977
• A steady sludge level from early-1978 to mid-1981 using manual tape data
• A sludge level decrease of about 1 in. between early-1978 and early-1984 using FIC data.

Waste surface images from a Tank T-105 video taken on August 17, 2017 (documented in 
RPP-RPT-60093, Fiscal Year 2017 Visual Inspection Report for Single-Shell Tanks) and photos 
from 1980 and 1987 were compared.  The liquid fraction on the surface in 2017 appears about 
the same as the liquid fraction present in 1980.  The liquid fraction present in 1987 is slightly 
greater than in 1980 or 2017.  Comparing images of the liquid level on the saltwell screen in 
1987 and 2017 indicates the level decreased about 1.32 in. over the 30-year period.  Depending 
on assumptions made as to the fraction of liquid on the waste surface, the waste rigidity, and the 
waste porosity, the volume change rate for Tank T-105 was 30 to 120 gal/yr between 1987 and 
2017.  No recent tank headspace temperature data are available for the tank (last recorded in 
1980); however, making assumptions on the headspace temperature, humidity, and the tank 
breathing rate, the tank evaporation rate is roughly estimated at 70 gal/yr.
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6.0 EX-TANK DATA

6.1 DRYWELLS

The T Farm drywells are shown in Figure 6-1.  Nine of the drywells are associated with 
Tank T-102 and seven are associated with Tank T-105.  Until 1975, gross gamma logging data 
from the drywells were collected in non-digital format.  In 1975, the surveillance program was 
upgraded to a digital logging system, and gross gamma logs were captured using several types of 
detectors.  Gross gamma logs were collected until mid-1994.  In February 1981, the original 6-in.
drywell casing was perforated, and a 4-in. casing was installed inside the 6-in. casing for all 
16 drywells.  The annular space was then filled with grout.  This process became known as the 
“Webster completion” and was common for T Farm drywells.  

Beginning in 1995, the U.S. Department of Energy, Grand Junction Office performed a baseline 
characterization of the gamma-ray-emitting radionuclides that are distributed in the vadose zone 
sediments surrounding the SSTs.  Occurrences of these radionuclides were measured by 
monitoring the drywells positioned around the tanks with the SGLS.  This system employed a 
high-purity germanium detector and was capable of producing laboratory-quality assays of the 
gamma-emitting radionuclides in the vicinity of a drywell.  The drywells surrounding
Tanks T-102 and T-105 were logged using SGLS in 1998 (GJ-HAN-116, Hanford Tank Farms 
Vadose Zone Tank Summary Data Report for Tank T-102, and GJ-HAN-119, Hanford Tank 
Farms Vadose Zone Tank Summary Data Report for Tank T-105).

In April 2008, the installation of an approximate 1.5-acre interim surface barrier over a portion 
of T Farm was completed.  The barrier covered the ground surface above Tanks T-105, T-106, 
T-108, and T-109, and portions of six other tanks.  Many of the drywells covered by the barrier 
were re-logged in August and September 2008 with the SGLS (see Figure 6-2).  Re-logging was 
limited to previously contaminated intervals in the drywells.

Data review in April 2009 revealed that the SGLS had experienced saturation and unexpectedly 
high dead time in drywell 50-02-05 in the contamination interval between 38 and 42 ft bgs.  The 
September 2008 results were therefore suspect, and the drywell was recommended to be 
re-logged with the HRLS detector, which is specifically designed to measure higher levels of soil 
contamination.  On June 15, 2009, the contamination interval in drywell 50-02-05 was re-logged 
with the HRLS between 37 and 42 ft bgs.  The HRLS showed a maximum 137Cs concentration of 
49,650 pCi/g at 39.5 ft bgs; a significant increase above the 1998 SGLS value.
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Figure 6-1. T Farm Drywells
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Figure 6-2. Drywells (dry boreholes) Re-logged in 2008 Using SGLS;
Rebaseline for the T Farm Interim Barrier

WRPS-PER-2009-1218, “A Significant Increase in 137Cs activity in Drywell 50-02-05 was 
Noticed,” was issued documenting the 137Cs increase, including continuation of this formal 
TFC-ENG-CHEM-D-42 leak assessment.  Drywell 50-02-05 logging was recommended to be 
continued, along with the logging of other drywells located near drywell 50-02-05 
(Washenfelder 2009).  Subsequent reevaluation of the 1998 SGLS indicated that the initial 1998 
results were underestimated because of dead time effects, and the 1998 137Cs level was likely 
approximately 5,000 pCi/g rather than 1,800 pCi/g (RPP-RPT-44202, Hanford Geophysical 
Logging Project Spectral Gamma Re-Baseline Logging for the T-Farm Interim Surface Barrier
(p. A-47). The estimated 137Cs increase from approximately 5,000 pCi/g to approximately 
50,000 pCi/g occurred between 1998 and 2009.

Additional SGLS logging was performed in August 2009 for drywells 50-05-11, 50-04-10, 
50-01-06, and 50-01-09 (Figure 6-3).  These wells surrounding drywell 50-02-05 were selected 
to determine if any impact was observed up-gradient or down-gradient from drywell 50-02-05,
and to assess the possibility of migration from other tanks or impacts from barrier runoff to an 
infiltration pond.
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Figure 6-3. August 2009 T Farm SGLS Logging Near 50-02-05

None of the nearby drywells showed an increase in activity or any indication of moisture 
movement that would be expected if the changes in drywell 50-02-05 were due to migration 
from other tanks, barrier runoff, or latent barrier effects.  The absence of comparable activity in 
nearby drywells suggests that the increase is a localized event, either from movement of a 
relatively small volume of waste that cannot be characterized with the available information as 
coming from Tank T-102, T-105, or some other source, or movement of moisture through 
existing contamination.

A monitoring plan was established, and drywell 50-02-05 was logged using the radionuclide 
assessment system (RAS) between September 2009 and September 2010.  No significant 
additional change in gamma activity was observed during the monitoring period, and results 
were presented to the ESRB with a recommendation that the tanks remain classified as sound 
pending additional information.

After meeting with the ESRB (March 24, 2014), drywell 50-02-05 was re-logged using the RAS 
on April 9 and 10, 2014 to make sure that nothing had changed since the drywell was last logged 
in September 2010.  Results initially indicated a 20 percent increase in 137Cs concentrations since 
the drywell was last logged; an 8 percent decrease was expected due to 137Cs decay.
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Upper management was informally briefed of the results, and the assessment team reconvened to 
discuss results and a path forward.  As part of an action plan, additional logging of drywell 
50-02-05 and the four surrounding drywells was recommended to confirm that the RAS results 
were correct.  The RAS logs from June 9 to 16, 2014 confirmed the increase in drywell 50-02-05 
and confirmed no change in the surrounding drywells.  A problem evaluation request (PER) task
(WRPS-PER-0806.7, “Drywell 50-02-05 Investigation Action Plan”) was assigned to complete 
an action plan for a path forward. 

The RAS results were evaluated by the assessment team in July 2014, and an action plan was 
outlined.  The assessment was put on hold until the action plan was prepared and completed.  
Action plan RPP-PLAN-60001 was released in October 2014.  A key part of the action plan was 
direct-push logging and sampling.

Although the path forward was approved, budget and resources were not available for the direct 
push characterization.  A decision was made, however, to complete the leak assessments for 
Tanks T-102 and T-105, and the leak assessment team was reformed in 2017.  In-tank videos and 
Enraf measurements were obtained, which confirmed the Enraf in Tank T-102 was measuring a 
liquid surface, and drywell 50-02-05 and the four surrounding drywells were again logged.

The following sections describe the drywells surrounding Tank T-102 and Tank T-105 and the 
data collected from each of the drywells.  Figure 6-4 shows a chronology of drywell logging in 
T Farm.
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Figure 6-4. Tanks T-102 and T-105 Drywells 1974 to 2017
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6.1.1 Tank T-102 Drywell Data

The nine drywells that surround Tank T-102 are 50-02-02, 50-01-09, 50-02-05, 50-05-11, 
50-02-08, 50-02-09, 50-02-10, 50-00-12, and 50-02-12.  Table 6-1 summarizes Tank T-102 
drywell construction information and the drywell location with respect to the tank.

Table 6-1. Tank T-102 Drywell Construction

Drywell Initial drilling
Depth

(ft)

Hanford coordinates Distance to T-102
tank footing edge(ft)North West

50-02-02 2/28/1974 91 43680 75702 8

50-01-09 8/31/1973 96 43649 75680 17

50-02-05 3/31/1974 91 43596 75723 13

50-05-11 8/31/1973 92 43592 75761 20

50-02-08 7/31/1973 87 43627 75787 13

50-02-09 7/31/1973 91 43630 75780 5

50-02-10 3/31/1974 91 43668 75786 12

50-00-12 10/31/1944 151 43711 75774 33

50-02-12 2/28/1974 92 43693 75744 5

Tank T-102 Construction 1944 N/A 43647.5 75737.5 N/A

N/A = not applicable.

The following subsections summarize the results of gross gamma and spectral gamma detected 
in the nine drywells surrounding Tank T-102. The historical gross gamma logs between 1975 
and 1995 are provided in accompanying figures.  Results of 1998 SGLS measurements for the 
nine drywells surrounding Tank T-102 are presented in Figure 6-5.
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Source:  GJO-99-101-TARA/GJO-HAN-27, Hanford Tank Farms Vadose Zone:  Addendum to the T Tank Farm Report, 
U.S. Department of Energy, Grand Junction Office, Grand Junction, Colorado.

Figure 6-5. 1998 Spectral Gamma Logging System Results
for Drywells Surrounding Tank T-102
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6.1.1.1 Drywell 50-02-02

Drywell 50-02-02 was drilled in February 1974 to a depth of 91 ft.  Between 1975 and 1995, no 
significant levels of gamma contamination were present in drywell 50-02-02 (see Figure 6-6).  In 
1998, the SGLS indicated that 137Cs was detected only at the ground surface at a concentration of 
0.6 pCi/g (GJ-HAN-116).  No other gamma activity has been detected in this drywell.  

Source:  RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-6. Drywell 50-02-02 Historical Gross Gamma Logs

6.1.1.2 Drywell 50-01-09

Drywell 50-01-09 was drilled in August 1973 to a depth of 96 ft.  With the first reading taken 
September 1973, radioactivity appears to be present at the 21-ft bgs level, which was believed at 
the time to be the background from the cascade line.  Figure 6-7 provides the historical gross 
gamma logs from 1975 to 1994 in drywell 50-01-09 (RPP-6088, Analysis and Summary Report 
of Historical Dry Well Gamma Logs for the 241-T Tank Farm – 200 West).

In 1998, the SGLS detected 137Cs, 60Co, and 154Eu in drywell 50-01-09 (GJ-HAN-116).  The 
maximum 137Cs concentration was detected at 21.5 ft bgs at a concentration of approximately 
258 pCi/g (decayed to 2009).  GJ-HAN-116 noted that, “Most of the man-made contamination 
(137Cs, 60Co, and 154Eu) identified between 20 and 45 ft is probably associated with a leak 
originating from the cascade overflow line attached to Tank T-101.”
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Source: RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-7. Drywell 50-01-09 Historical Gross Gamma Logs

In 2008, drywell 50-01-09 was re-logged due to the rebaselining efforts made after the 
installation of the T Farm surface barrier.  The maximum 137Cs detected in 2008 was reported to 
be 1.3 pCi/g at 33.5 ft bgs (RPP-RPT-44202).  However, drywell 50-01-09 was only logged from 
30 to 50 ft bgs and from 80 to 91.5 ft bgs.  In 2009, as recommended by WRPS-0901156
(Washenfelder 2009), drywell 50-01-09 was re-logged the full length and compared with the 
1998 results to determine if any changes have occurred in the contaminant profile at the base of 
the tank.  RPP-RPT-44202 reports, “Although no 137Cs contamination is observed near 40 ft in 
depth, a possible increase in 137Cs concentration is observed at 21.5 ft.  It is not known if the 
contamination at 21.5 ft in this borehole is related to contamination in borehole 50-02-05 at 
40 ft.”  This increase was reported to be from 258 pCi/g in 1998 (decayed to 2009) to 316 pCi/g 
in 2009.
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Drywell 50-01-09 was re-logged using the 
RAS in 2014 and 2017.  Results indicated 
decreasing gamma activity since 1989
(Figure 6-8).  

6.1.1.3 Drywell 50-02-05

In March 1974, drywell 50-02-05, located 
between Tanks T-102 and T-105, was drilled 
to 91 ft.  The drillers log shows no indication 
of radiological contamination, but lack of a 
notation cannot be construed as evidence that 
none was encountered.

Drywell logging data from 1974 to 1977 
show that a contamination interval was 
present at 38 to 39 ft bgs in November 1974, 
and that counting the peak required use of a 
higher count rate instrument
(SD-WM-TI-356).  When the drywell was 
logged in 1977 with a detector capable of 
identifying individual radionuclides, 
ruthenium-106 (106Ru), 137Cs, 60Co, and 154Eu
were detected at 39.5 ft bgs—a depth 
corresponding to the base of the tank farm 
excavation.  The 106Ru was reported as 
equivalent to 26,000 pCi/g and 137Cs as 
1,946 pCi/g.  The 60Co and 154Eu were near 
the detection threshold of the detector.  

Note:  Appendix E includes the log reports.

Figure 6-8. 1998 to 2017 Radiation Assessment 
System/Spectral Gamma Logging System

Results for Drywell 50-01-09
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Gamma logging between 1980 and 1994 indicated that the peak was decreasing at a rate 
corresponding to the 137Cs half-life after the short-lived 106Ru had decayed away, and that the 
peak appeared to be stable (see Figure 6-9 and Figure 6-10) (RPP-6088).

In February 1981, the original 6-in. casing was perforated and a 4-in. casing was installed inside 
the 6-in. casing.  The annular space was then filled with grout.  This process became known as 
the “Webster completion” and was common for T Farm drywells.

In 1998, the drywell was logged using the SGLS to establish a baseline of subsurface 
contamination conditions.  The SGLS log reported the 137Cs peak as 1,800 pCi/g at 40 ft bgs.  
Later, the maximum 137Cs concentration was noted to have potentially been underestimated as a 
result of high-counting dead time.  The 60Co was detected at 49 to 73 ft bgs at concentrations 
ranging from 0.6 pCi/g to just over 2 pCi/g.  No effort was made to run the HRLS at this time.

Source:  RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-9. Drywell 50-02-05 Historical Gross Gamma Logs
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Source:  RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington

Figure 6-10. Drywell 50-02-05 Gamma Activity 1980 to 1994

Between 2001 and 2003, the RAS medium (RASm) detector was used to monitor the 
contaminated intervals in the drywell at approximately six-month intervals.  The 2001 and 2002 
logs reported no change in the contaminant profile; the May 2003 log reported an increase in the 
137Cs peak at 39 to 41 ft bgs.  The change was reported, with a recommendation that logging be 
continued for the drywell; however, no log data was collected between May 2003 and September 
2008.  The drywell was next logged in September 2008.

In September 2008, drywell 50-02-05 was partially re-logged with the SGLS.  No changes in the 
contaminated intervals from the 1998 baseline were initially reported in the 2008 drywell logs.  
However, further data review in April 2009 revealed that the SGLS had experienced saturation 
and unexpectedly high dead time in drywell 50-02-05 in the contamination interval between 38 
and 42 ft bgs.  The September 2008 results were therefore suspect, and the drywell is 
recommended to be re-logged with the HRLS detector, which is specifically designed to measure 
higher levels of soil contamination.
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On June 15, 2009, the contamination interval in drywell 50-02-05 was re-logged with the HRLS 
between 37 and 42 ft bgs.  As shown in Figure 6-11, the maximum 137Cs concentration was 
49,650 pCi/g at 39.5 ft bgs, which represents a significant increase above the 1998 value.

Figure 6-11. Comparison of 1998 to 2009 Spectral Gamma Logging System and
High-Rate Logging System Measurements (1998, 1999, and 2008 decayed to 2009)

With the evidence of the 137Cs increase, routine monitoring of drywell 50-02-05 was initiated using
the RASm detector.  RAS logs were run on September 23, 2009; November 2, 2009; December 3 
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and 4, 2009; March 9 and 10, 2010; July 28 and 29, 2010; and September 26, 2010.  The RASm
detector was used to monitor gamma activity in the entire drywell, supplemented by the RAS small 
(RASs) detector in the interval from 35 to 45 ft bgs where gamma activity exceeds the range of the 
medium detector.  The RASm detector appeared to be saturated in the region of high 137Cs activity.  
Thus, the RASs detector was used where the RASm detector became saturated to obtain closely 
spaced data.  The RAS data collected from September 2009 to September 2010 showed scattered 
results, attributed to shifts in the detector position relative to the very thin, approximately 2-in. 
thick zone of high gamma activity.  RPP-RPT-44202 concluded there was no evidence from the 
RAS logs of a continued increase, and gamma logging was discontinued.

Drywell 50-02-05 was re-logged using the RASs detector on April 9 and 10, 2014, and results
initially indicated a 20 percent increase in 137Cs concentrations since the last log, while an 
8 percent decrease was expected due to 137Cs decay (Figure 6-12). Additional logging of 
50-02-05 performed in June 2014 confirmed the April 2014 RAS results and showed the
continued gamma increase in drywell 50-02-05 (Figure 6-13).  The well was most recently 
logged using the RASs detector in August 2017.

Figure 6-14 shows RASs detector results for drywell 50-02-05 for 2010, 2014, and 2017.  The 
2017 logging results indicate that the gamma activity has increased an additional 12 percent (not 
accounting for decay) since 2014, about the same rate of increase as was observed between 2010 
and 2014 (see Section 6.1.3).
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Figure 6-12. April 2014 Radiation Assessment System
Logging Results and Comparisons for 50-02-05
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Figure 6-13. June 2014 Radiation Assessment System Logging Results and Comparisons

Figure 6-14. 2010 to 2017 Radiation Assessment System Logging Results and Comparisons

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 47 of 628



RPP-ASMT-55500, Rev. 0

6-18

6.1.1.4 Drywell 50-05-11

Drywell 50-05-11 was drilled in August 1973 to a depth of 92 ft.  Gross gamma radioactivity 
was first reported in September 1973 at 600 counts per second at 59 ft bgs, and rapidly declined 
following the 106Ru decay curve from 1977 to 1981.  Figure 6-15 provides the historical gross 
gamma logs.

Source:  RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-15. Drywell 50-05-11 Historical Gross Gamma Logs

In 1998, 137Cs and 60Co were the only man-made radionuclides detected by the SGLS.  The 
maximum 137Cs was reported to be 2 pCi/g at the ground surface.  The maximum 60Co was 
0.4 pCi/g at 100.5 ft bgs.  GJ-HAN-116 states, “The 137Cs contamination at the ground surface is 
probably related to direct radiation (shine) from contamination on the ground surface or from 
nearby contaminated equipment.”  “The 60Co detected by the SGLS at 57 and 65 ft and from 86 
to 92 ft is most likely associated with the contaminant plume from the large tank leak that 
occurred at Tank T-106 in 1973.”

In 2008, drywell 50-05-11 was re-logged due to the rebaselining efforts made after the 
installation of the T Farm surface barrier.  The 137Cs was only detected in 2008 at the surface 
level, and the contamination profile had not changed substantially since 1998 (RPP-RPT-44202).  
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In 2009, as recommended by 
WRPS-0901156 
(Washenfelder 2009), drywell 
50-05-11 was re-logged and 
compared with the 2008 results to 
determine if any changes have 
occurred in the contaminant profile 
at the base of the tank.  
RPP-RPT-44202 reported, “No 
contamination was observed near 
40 ft, suggesting the contamination 
in 50-02-05 is unrelated to 
Tanks T-103 or T-106 west of 
borehole 50-05-11.”

Drywell 50-05-11 was re-logged
using the RAS in 2014 
(Figure 6-16) and 2017 
(Figure 6-17).  Results indicated no 
change in gamma activity since 2008.  

Figure 6-16. 1998 to 2014 Radiation Assessment System
Results for Drywell 50-05-11

Figure 6-17. 1998 to 2017 Radiation Assessment 
System Results for Drywell 50-05-11
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6.1.1.5 Drywell 50-02-08

Drywell 50-02-08 was drilled in July 1973 to a depth of 87 ft.  High levels of contamination 
were detected from 32 to 50 ft bgs beginning in September 1973, which was reported to be 60Co, 
106Ru, and 154Eu (see Figure 6-18).  Activity then slowly declined beginning in 1976 
(SD-WM-TI-356). 

Source: RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-18. Drywell 50-02-08 Historical Gross Gamma Logs

In 1998, six man-made radionuclides were detected by the SGLS in drywell 50-02-08 that
consisted of 137Cs, 60Co, 154Eu, 152Eu, uranium-238 (238U), and niobium-94 (94Nb)
(GJ-HAN-116).  The maximum concentration of 137Cs at the ground surface was 0.5 pCi/g.  The 
other man-made radionuclides were detected from 39 to 49 ft bgs in drywell 50-02-08.  
GJ-HAN-116 reported that this plume between 39 and 49 ft bgs probably originated from the 
spare fill lines associated with Tank T-103 and was in place by mid-1973.  
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A correlation associated with the diminishing radionuclide concentrations detected in drywells 
50-03-04, 50-02-08, and 50-02-09, as shown in Figure 6-19, indicates that the migration of a 
Tank T-103 leak probably did not reach Tank T-102 and also did not show up in drywell 
50-03-05 between Tank T-103 and Tank T-105.

Source:  GJ-HAN-116, 1999, Hanford Tank Farms Vadose Zone Tank Summary Data Report for Tank T-102, U.S. Department 
of Energy, Albuquerque Operations Office/Grand Junction Office, Grand Junction, Colorado.

Figure 6-19. Correlation Plot Showing Relationship
between Drywells 50-03-04, 50-02-08, and 50-02-09

In 2008, drywell 50-02-08 was re-logged due to the rebaselining efforts made after the 
installation of the T Farm surface barrier.  As a result, 137Cs was detected intermittently from 41 
to 49 ft bgs, and no significant changes were detected when compared to the 1998 137Cs profile.
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6.1.1.6 Drywell 50-02-09

Drywell 50-02-09 was drilled in July 1973 to a depth of 91 ft.  Moderate levels of contamination 
were detected from 32 to 48 ft bgs beginning in September 1973, which was reported to be 
106Ru, antimony-125 (125Sb), and 154Eu.  The 60Co and 137Cs concentrations were reported to be 
less than 1 pCi/g during this time (SD-WM-TI-356).

In 1998, 137Cs, 60Co, and 154Eu were detected by the SGLS in drywell 50-02-09.  Maximum 137Cs
concentrations of 5 pCi/g were detected at 24.5 ft bgs and were reported to be related to 
dragdown during the drywell installation activities (GJ-HAN-116).  The 60Co and 154Eu were
detected between 39 and 45.5 ft bgs.  As shown in Figure 6-20, this fingerprint is also present in 
drywell 50-02-08 and is interpreted as a Tank T-103 plume (see Section 6.1.1.5).

Source: RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-20. Drywell 50-02-09 Historical Gross Gamma Logs

In 2008, drywell 50-02-09 was re-logged due to the rebaselining efforts made after the 
installation of the T Farm surface barrier.  As a result, 137Cs was detected at 39.5 ft, 42 ft, and 
48 ft bgs, with the peak of 0.4 pCi/g detected at 42.5 ft bgs.  RPP-RPT-44202 reported, “Changes 
in concentrations are not observed in the 137Cs profile since 1998 due to decay below the 
minimum detection level (MDL).”
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6.1.1.7 Drywell 50-02-10

Drywell 50-02-10 was originally drilled in March 1974 to a depth of 91 ft bgs.  Beginning in 
April 1974, gross gamma was reported as “less-than” values.  From 1975 to 1980, peak values 
were reported from 79 to 83 ft bgs at readings of approximately 40 counts per second.  Gross 
gamma was then reported as less than-values from 1981 to present.  RPP-6088 reports the 137Cs
concentration as being less than 1 pCi/g between 1975 and 1995, as shown in Figure 6-21.

In 1998, the only man-made radionuclide detected by the SGLS in drywell 50-02-10 was 137Cs,
with the maximum concentration of 0.5 pCi/g detected at the ground surface (GJ-HAN-116).  
The low level of 137Cs detected at the ground surface is likely related to direct radiation (shine) 
from contamination on the ground surface or from nearby contaminated equipment.

Source: RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-21. Drywell 50-02-10 Historical Gross Gamma Logs
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6.1.1.8 Drywell 50-00-12

Drywell 50-00-12 was originally drilled in October 1944 to a depth of 151 ft bgs.  From 1975 to 
1994, the 137Cs concentration was reported to be less than 1 pCi/g (see Figure 6-22).

In 1998, the only man-made radionuclide detected by the SGLS in drywell 50-00-12 was 137Cs,
with the maximum concentration of 1.5 pCi/g detected at 11.5 ft bgs (GJ-HAN-116).  The low 
level of 137Cs detected between 11 and 15 ft bgs likely represents a pipeline or trench.

Source:  RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-22. Drywell 50-00-12 Historical Gross Gamma Logs
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6.1.1.9 Drywell 50-02-12

Drywell 50-02-12 was originally drilled in February 1974 to a depth of 92 ft bgs.  From 1975 to 
1994, the 137Cs concentration was reported to be less than 1 pCi/g (see Figure 6-23).

In 1998, the only man-made radionuclide detected by the SGLS in drywell 50-02-12 was 137Cs,
which was isolated to a single point detected just above 1 pCi/g at the ground surface 
(GJ-HAN-116).  The 137Cs detected at the ground surface is probably related to direct radiation 
(shine) from contamination on the ground surface or from nearby contaminated equipment.

Source: RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-23. Drywell 50-02-12 Historical Gross Gamma Logs
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6.1.2 Tank T-105 Historical Drywells

The seven drywells that surround Tank T-105 are 50-02-05, 50-05-11, 50-04-10, 50-04-08, 
50-05-06, 50-05-07 and 50-06-03.  Table 6-2 summarizes Tank T-105 drywell construction 
information and drywell location with respect to the tank.

Table 6-2. Tank T-105 Drywell Construction

Drywell Initial drilling
Depth 

(ft)

Hanford coordinates Distance to T-105 tank 
footing edge (ft)North West

50-02-05 3/31/1974 91 43596 75723 10

50-05-11 8/31/1973 92 43592 75761 10

50-01-06a 8/31/1973 94 43593 75637 N/A

50-04-10 3/31/1974 93 43567 75687 13

50-04-08 1/31/1975 100 43527 75685 15

50-05-06 7/31/1973 122 43502 75742 5

50-05-07 8/31/1975 120 43510 75762 4

50-06-03 7/31/1973 122 43547 75792 14

Tank T-105 Construction 1944 N/A 43547 75737 N/A
a Drywell 50-01-06 was added as information from this drywell is used in the leak assessment even though it is 

not one of the drywells surrounding Tank T-105.

N/A = not applicable.
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The following subsections summarize the results of gross gamma and spectral gamma detected 
in five of the seven drywells surrounding Tank T-105. The historical gross gamma logs between 
1975 and 1995 and select spectral gamma logs between 1989 and 2009 are provided in 
accompanying figures. Drywells 50-02-05 and 50-05-11 monitor Tank T-102 and Tank T-105
and are discussed in Section 6.1. Results of 1998 SGLS measurements for the seven drywells 
surrounding Tank T-105 are presented in Figure 6-24.

Source: GJO-99-101-TARA/GJO-HAN-27, 2000, Hanford Tank Farms Vadose Zone:  Addendum to the T Tank Farm Report, 
U.S. Department of Energy, Grand Junction Office, Grand Junction, Colorado.

Figure 6-24. 1998 Spectral Gamma Logging System Results
for Drywells Surrounding Tank T-105
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6.1.2.1 Drywell 50-01-06

Drywell 50-01-06 was drilled in August 1973 to a depth of 94 ft. In September 1980, the 
original 6-in. casing was perforated from 0 to 20 ft and 92 to 94 ft, a 4-in. casing was installed 
inside the 6-in. casing, and the annular space was filled with grout.

In 1975, an anomalous gross gamma peak was identified between the ground surface and 5 ft on 
the earliest available log. The historical gross gamma-ray plot also exhibits multiple gross 
gamma peaks between 47 and 67 ft. By mid-1975, gross gamma activity is present at 72 ft. This
peak appears to move downward between 1984 and 1988. In December 1975, an increase in 
gross gamma activity was noted at 74 ft that exceeded the action criteria. An investigation 
concluded that the source of the contamination identified was probably from the spare fill lines at 
Tank T-101. Gamma activity between 1975 and 1995 is shown in Figure 6-25.

Source:  RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-25. Drywell 50-01-06 Historical Gross Gamma Logs

In 1998, the man-made radionuclides 137Cs, 60Co, 154Eu and 152Eu were detected by the SGLS 
around this borehole. The 137Cs contamination was detected almost continuously from the 
ground surface to 25 ft, at concentrations ranging from 0.2 to 10 pCi/g. The cesium
contamination occurs intermittently from 26 to 36 ft at 0.2 pCi/g. The maximum 137Cs 
concentration of 10 pCi/g was detected at a 1-ft depth. The 60Co contamination was detected 
continuously between 49.5 and 87.5 ft, at concentrations ranging from 0.7 to 10.3 pCi/g. 

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 58 of 628



RPP-ASMT-55500, Rev. 0

6-29

The maximum 60Co concentration for this borehole 
was 10.3 pCi/g detected at 82.5 ft. The 154Eu
contamination was detected continuously from 49.5 
to 60 ft at concentrations ranging from 0.4 to 
25.5 pCi/g. From 65 to 66.5 ft, 154Eu contamination 
was detected continuously at concentrations ranging 
from 0.6 to 4 pCi/g. The maximum 154Eu
concentration of 25.5 pCi/g was detected at 55.5 ft. 
The 152Eu contamination was detected as a single 
occurrence at 55.5 ft at a concentration of 0.6 pCi/g.

Relative to the 1998 SGLS baseline, the 2008 and 
2009 SGLS log data indicate slight decreases in 60Co 
concentration from 66 to 67.5 ft, and from about 71 
to 78 ft. Increases in 60Co are observed from 84 ft to 
the bottom of the logged interval (see Figure 6-28 in 
Section 6.1.2.2). This is after accounting for decay. 
RAS log data do not indicate any changes in the 
gross gamma profile that cannot be accounted for by 
decay of 137Cs, 60Co, and 154Eu. No changes were 
noted in the 2017 drywell RAS logging.

The 137Cs contamination detected by the SGLS from 
0.5 to 3 ft probably resulted from one or more surface 
spills that migrated down into the shallow backfill 
surrounding the borehole before 1975. The 137Cs 
contamination detected below 3 ft was probably 
carried downward from near-surface contaminated 
zones during construction of the borehole or migrated 
downward in some undetermined manner around the 
outside of the borehole casing.

Drywell 50-01-06 was re-logged using the RAS in 
2014 and 2017.  Results indicated decreasing gamma 
activity since 1998 (Figure 6-26).

Appendix E provides the log reports.

Figure 6-26. Comparison of 1998, 2008,
and 2017 Spectral Gamma Logging 
System and Radiation Assessment 
System Logs for Drywell 50-01-06
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6.1.2.2 Drywell 50-04-10

Drywell 50-04-10 was originally drilled in March 1974 to a depth of 93 ft.  Between 1975 and 
1995, total gamma activity was detected between 65 and 75 ft bgs.  The gamma activity decayed 
through 1995 and gradually moved downward in the drywell (see Figure 6-27).  

Source:  RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-27. Drywell 50-04-10 Historical Gross Gamma Logs
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In 1998, 137Cs was detected in this drywell 
between 0 and 20 ft bgs, with a maximum 
concentration of 10 pCi/g.  60Co was also 
detected from approximately 65 ft to 90 ft 
bgs.  A slight increase in the 60Co 
concentration was detected when drywell 
50-04-10 was logged during the 2008 
rebaseline efforts (RPP-RPT-44202).  
Drywells 50-04-10 and 50-01-06 were two of 
the drywells selected for assessing the extent 
of the 137Cs plume in drywell 50-02-05 
(Washenfelder 2009).  The drywells were
relogged to full depth using the SGLS in 
August 2009 (Figure 6-28).

The near-surface 137Cs in drywell 50-04-10 
likely resulted from surface spills near the 
tank.  The depth of the 60Co correlates with 
60Co detected in drywells 50-04-08, 50-05-06, 
and 50-05-07, and is attributed to releases 
from Tank T-101 and possibly the large leak 
from Tank T-106 (GJ-HAN-119).  No 
significant changes were observed in the 2009 
logging results for drywells 50-04-10 or 
50-01-06, indicating that the increased 
gamma activity in drywell 50-02-05 was 
probably not due to migration from previous 
releases near the east spare inlet of 
Tank T-101.

Source: RPP-RPT-44202, 2013, Hanford Geophysical 
Logging Project Spectral Gamma Re-Baseline Logging for the 
T-Farm Interim Surface Barrier, Rev. 1, Washington River 
Protection Solutions, LLC, Richland, Washington.

Figure 6-28. August 2009 Spectral Gamma 
Logging System Logs 50-04-10 and 50-01-06
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Drywell 50-04-10 was re-logged using the RAS in 
2014 and 2017.  Results indicated decreasing 
gamma activity since 1989 (Figure 6-29).

Appendix E provides the log reports.

Figure 6-29. Comparison of 1998, 2008, 
2014, and 2017 Spectral Gamma Logging 
System and Radiation Assessment System 

Logs for Drywell 50-04-10
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6.1.2.3 Drywell 50-04-08

Drywell 50-04-08 was drilled in January 1975 to a depth of 100 ft.  Between 1976 and 1995,
total gamma activity was detected between 65 and 70 ft bgs that corresponds to the 60Co detected 
by the SGLS in this interval.  The gamma activity count rate increased through 1982 and then
began to gradually decrease (Figure 6-30).  In 1998, 137Cs was detected in this drywell between 0 
and 12 ft bgs, with a maximum concentration of 10 pCi/g.  The 60Co concentration remained 
stable (decayed to 2008 levels) when drywell 50-04-08 was rebaselined in 2008 (Figure 6-31)
(RPP-RPT-44202).

The near-surface 137Cs in drywell 50-04-10 likely resulted from surface spills near the tank.  The 
depth of the 60Co correlates with 60Co detected in drywells 50-04-08, 50-05-06, and 50-05-07,
and is attributed to releases from Tank T-101 and possibly the large leak from Tank T-106
(GJ-HAN-119). 

Source:  RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-30. Drywell 50-04-08 Historical Gross Gamma Logs
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MDL = minimum detection level.

Source: RPP-RPT-44202, 2013, Hanford Geophysical Logging Project Spectral Gamma Re-Baseline Logging for the T-Farm 
Interim Surface Barrier, Rev. 1, Washington River Protection Solutions, LLC, Richland, Washington.

Figure 6-31. Comparison of 1998 and 2008 Spectral Gamma Logging System Logs
for Drywell 50-04-08
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6.1.2.4 Drywell 50-05-06

Drywell 50-05-06 was drilled in July 1973 to a depth of 87 ft.  The depth was extended to 122 ft 
in June 1977. Total gamma activity was detected at 0 to 20 ft, 60 to 70 ft, and approximately 
90 ft bgs in 1975.  An increase in gamma activity at 60 to 70 ft bgs occurred in 1977 and 1978.  
The gamma activity then decayed through 1995 (Figure 6-32).  

Source:  RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-32. Drywell 50-05-06 Historical Gross Gamma Logs

In 1998, SGLS detected 137Cs from 0 to 40 ft.  60Co was detected below 65 ft, with a maximum 
concentration of approximately 0.3 pCi/g at 66.5 ft.  The 137Cs remained stable, and the 60Co 
(decayed to 2008 levels) appeared to increase when drywell 50-05-06 was rebaselined in 2008 
(Figure 6-33) (RPP-RPT-44202).
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MDL = minimum detection level.

Source: RPP-RPT-44202, 2013, Hanford Geophysical Logging Project Spectral Gamma Re-Baseline Logging for the T-Farm 
Interim Surface Barrier, Rev. 1, Washington River Protection Solutions, LLC, Richland, Washington.

Figure 6-33. Comparison of 1998 and 2008 Spectral Gamma Logging System Logs
for Drywell 50-05-06
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The near-surface 137Cs in drywell 50-05-06 likely resulted from surface spills near the tank that
migrated into the backfill (see Figure 6-32).  The 60Co correlates with the 60Co detected in 
drywells 50-04-08, 50-04-10, and 50-05-07, and is attributed to migration from releases near 
Tank T-101 and possibly the large leak from Tank T-106 (GJ-HAN-119). 

6.1.2.5 Drywell 50-05-07

Drywell 50-05-07 was drilled in August 1975 to a depth of 120 ft.  Total gamma activity was 
detected from 60 to 85 ft bgs in 1975.  The gamma activity from 60 to 80 ft gradually decayed, 
but the deep gamma activity remained high through 1995 (Figure 6-34).  

Source:  RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-34. Comparison of 1998 and 2008 Spectral Gamma Logging System Logs
for Drywell 50-05-07

In 1998, SGLS detected 137Cs at concentration ranging from 11 to 3 pCi/g and sporadically at 
<2 pCi/g between 20 and 60 ft.  60Co was detected from 65 to 87 ft, with peaks of less than 
3 pCi/g at 66 ft, 71 ft, and 78 ft, and a peak of approximately 240 pCi/g at 87 ft. The 60Co 
(decayed to 2008 levels) increased when drywell 50-05-07 was rebaselined in 2008 (Figure 6-35)
(RPP-RPT-44202).

The near-surface 137Cs in drywell 50-05-07 likely resulted from surface spills near the tank that 
migrated into the backfill.  The 60Co correlates with the 60Co detected in drywells 50-04-08, 
50-04-10, and 50-05-06, and is attributed to migration from releases near Tank T-101 and 
possibly the large leak from Tank T-106 (GJ-HAN-119).
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MDL = minimum detection level.

Source: RPP-RPT-44202, 2013, Hanford Geophysical Logging Project Spectral Gamma Re-Baseline Logging for the T-Farm 
Interim Surface Barrier, Rev. 1, Washington River Protection Solutions, LLC, Richland, Washington.

Figure 6-35. Drywell 50-05-07 Historical Gross Gamma Logs
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6.1.2.6 Drywell 50-06-03

Drywell 50-06-03 was drilled in July 1973 to a depth of 100 ft.  The depth was extended to 122 ft
in March 1977.  Between 1975 and 1995, high total gamma activity was detected between 30 and 
120 ft bgs.  As radiation levels around the drywell decreased, count-rate data were obtained using
an unshielded sodium-iodide detector from 1975 to 1993. Many of the peak readings obtained with
this detector exceeded the counting capability of the instrument; therefore, a shielded sodium-
iodide detector was also used to acquire count-rate data from 1977 to 1994 (Figure 6-36). 

Source:  RPP-6088, 2000, Analysis and Summary Report of Historical Dry Well Gamma Logs for the 241-T Tank Farm –
200 West, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington.

Figure 6-36. Drywell 50-06-03 Historical Gross Gamma Logs (Using Shielded NaI Detector)
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In 1998, 137Cs, 60Co, 154Eu, 152Eu, and tin-126 (126Sn) were detected by the SGLS (Figure 6-37).  
The 137Cs was detected from the ground surface to a depth of 10 ft at apparent concentrations 
ranging from 0.3 to 1.5 pCi/g.  Small zones of 137Cs were detected from 19 to 22 ft and 33 to 41 ft.  
The maximum apparent concentrations of 137Cs within each zone ranged from approximately 
1 to 4 pCi/g.  Intermittent 137Cs was also detected from 11 to 17 ft and 27 to 28 ft at apparent 
concentrations of slightly above the MDL. The 60Co was measured from 34 to 42 ft and from 
43 ft to the bottom of the logged interval. The apparent concentrations of 60Co ranged from 
approximately 0.5 to 3 pCi/g within the upper zone and from 5 to 80 pCi/g within the lower zone.  
Concentrations of 60Co ranging from 50 to 80 pCi/g were detected near the bottom of the logged 
interval.

MDL = minimum detection level

Source:  RPP-RPT-44202, 2013, Hanford Geophysical Logging Project Spectral Gamma Re-Baseline Logging for the T-Farm 
Interim Surface Barrier, Rev. 1, Washington River Protection Solutions, LLC, Richland, Washington.

Figure 6-37. Comparison of 1998 and 2008 Spectral Gamma Logging System Logs
for Drywell 50-06-03

The 154Eu was detected from 34 ft to the bottom of the logged interval. The apparent 
concentrations of 154Eu ranged from 1 to 3 pCi/g in the upper zone, from 5 to 100 pCi/g in the 
middle zone, and from 2 to 4 pCi/g in the lower zone. Maximum apparent concentrations of 
154Eu were detected at 35 ft (38 pCi/g), 45 ft (757 pCi/g), 81 ft (452 pCi/g), and 105 ft (50 pCi/g).  
A small zone of 154Eu was detected from 20 to 21 ft at concentrations slightly above the MDL.  
The 152Eu was measured from 43 to 55 ft and 75 to 88 ft. The apparent concentrations of 152Eu 
ranged from 1 to 15 pCi/g within the upper zone and from 1 to 5 pCi/g within the lower zone. 
Maximum apparent concentrations of 152Eu were detected at 46 ft (21 pCi/g) and 81 ft (12 pCi/g).  
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Small zones of 152Eu were detected from 35 to 37 ft, 56 to 70 ft, and 105 to 107 ft at apparent 
concentrations ranging from 0.3 to 1.5 pCi/g.  The occurrences of 152Eu were detected in the 
same regions as the zones of peak 154Eu.  A small zone of 126Sn was detected from 44 to 46 ft. 
The apparent concentrations of 126Sn ranged from 5 to 17 pCi/g.

After correcting for decay, no significant changes in 137Cs, 60Co, 154Eu, or 152Eu were measured 
when drywell 50-06-03 was rebaselined in 2008 (Figure 6-37) (RPP-RPT-44202).  Most of the 
Tank T-106 leak plume was located SE-S-SW of the tank.  No observed change in gamma 
activity over approximately 10 years suggests that the Tank T-106 legacy plumes from the 
southeast side of Tank T-106 did not contribute to increased gamma activity in drywell 50-02-05.

The zone of 137Cs detected between the ground surface and 10 ft probably resulted from surface 
spills that have migrated down into the shallow backfill material or were carried down during 
drilling operations. The very thin zone of 137Cs and 154Eu detected between 19 and 22 ft may 
have resulted from a pipeline or cascade line leak.  The 137Cs, 60Co, 154Eu, 152Eu, and 126Sn 
detected below 33 ft most likely originated from the Tank T-106 leak. 

6.1.3 Drywell Summary

A review of the available logging data for the drywells in the vicinity of Tanks T-102 and T-105 
included the following:

• The first available total gamma radioactivity data reported in SD-WM-TI-356

• Total gamma logging data and trend analyses from 1975 to 1995 (RPP-6088)

• 1998 and 1999 SGLS and HRLS logging data (GJO-99-101-TARA/GJO-HAN-27, 
Hanford Tank Farms Vadose Zone: Addendum to the T Tank Farm Report; 
GJ-HAN-116; and GJ-HAN-119)

• RAS data between 2001 and 2003

• 2008 and 2009 SGLS and 2010 HRLS logging data (RPP-RPT-42844, Reanalysis of 
Surface Geophysical Exploration Resistivity Data for the 241-T Tank Farm)

• September 2009 to September 2010 RAS total gamma monitoring data

• April 2014 and August 2017 drywell logging data.

The evaluation of SGLS and RAS data concluded that the increase in 137Cs concentration in 
drywell 50-02-05, at or very close to the base of the tanks, is a clear indication that there has 
been a new contamination event or that existing contamination has moved (see Section 8.2).

The 137Cs in drywell 50-02-05 was present at 40 ft bgs as early as 1974.  The 137Cs radioactivity 
level was relatively stable to about 1998, but probably began to increase between 1998 and 2001.  
A small change in gamma activity measurements was recognized in 2003.  Between 2003 and 
2008, no data were collected. By 2008, a significant change in gamma activity was evident.  An
increase to approximately 50,000 pCi/g was determined when drywell 50-02-05 was logged 
using the HRLS in June 2009 (RPP-RPT-44202).  RAS logs indicated that the gamma activity 
continued to increase an additional 16 percent (revised from 20 percent) from 2010 to 2014 and 
12 percent from 2014 to 2017.
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Several different gamma logging systems were used to measure drywell 50-02-05 gamma 
activity over time.  The Hanford gamma unit (HGU) has been used to standardize the log 
responses across the different systems so that a plot of the results could be graphed on the same 
basis.  The resulting plot in Figure 6-38 from 1980 through 2017 shows the increase in drywell 
50-02-05 gamma activity starting with the SGLS and RASm detectors (1998 through 2003).  
Both of these detectors became saturated or were near maximum count rate between 2008 and 
2010 as the 50-02-05 gamma activity increased.  In response, the HRLS and RASs detectors
were employed in 2009 to measure the gamma activity.  In 2010, the RASs depth increment was 
adjusted to measure the very thin layer of activity, and an adjustment was made to the low-level 
discriminator.  The RASs continued to track the increases through 2017 (Appendix E).

Figure 6-38. Drywell 50-02-05 Peak Gamma Activity
Approximately 39.4 Feet Below Ground Surface

The four drywells surrounding drywell 50-02-05 have not shown any change in 137Cs activity at 
the 40-ft level, indicating little or no migration from these drywells toward 50-02-05.  However, 
there is a possibility that existing drywells are not positioned to intercept ongoing tank leaks or 
are otherwise incapable of identifying potential causes of the drywell 50-02-05 gamma increase.
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6.2 TANK T-106 BOREHOLE LOGGING AND SAMPLING 2003

In addition to drywell logging data, two 
boreholes were installed, logged, and sampled 
in 2003 to further characterize the plume from 
the Tank T-106 leak (RPP-23752, Field 
Investigation Report for Waste Management 
Areas (WMAs) T, TX-TY).  Although this 
borehole data does not appear to contribute to 
the assessment of gamma activity for drywell 
50-02-05, the information is included for full 
disclosure of ex-tank data for the T Farm.

Boreholes C4104 and C4105 were installed to 
investigate movement of contaminants from the 
Tank T-106 release and to identify the western 
extent of the plume.  Figure 6-39 shows the 
location of the boreholes.  Results are 
documented in RPP-23752.

In borehole C4104, elevated concentrations of several constituents are present that are attributed 
to tank fluids from Tank T-106.  An elevated pH zone (8.46 to 9.66) occurs between 47 and 94 ft 
bgs. The primary set of tank waste constituents includes technetium-99 (99Tc), nitrate, and 
sodium. Elevated concentrations of water-extractable 99Tc and nitrate (approximately 2 to 
6,110 pCi/g and > 10 to 2,570 μg/g, respectively) extend from 58 and 64 ft, respectively, to the 
bottom of the borehole (127 ft bgs).  Peak concentrations of water-extractable 99Tc and nitrate 
were measured near the borehole bottom at 115 and 116 ft bgs, respectively.  Elevated water-
extractable sodium concentrations (130 to 620 μg/g) range from 46 to 116 ft bgs, with no well-
defined peak concentration zone, although the highest concentrations reside in the Cold Creek 
lower subunit (93 to 108 ft bgs).

In borehole C4105, elevated concentrations of water-extractable constituents in the tank farms
borehole sediments are present that are attributed to tank fluids from Tank T-106. The primary 
set of tank waste constituents includes 99Tc, nitrate, and sodium. Elevated concentrations of 
water-extractable 99Tc and nitrate (approximately 6 to 1,650 pCi/g and > 9 to 1,610 μg/g, 
respectively) extend from 70 ft to the bottom of the borehole (130 ft bgs). Peak concentrations 
were measured near the top of the contaminated zone between 85 and 94 ft bgs. Elevated 
sodium water-extractable concentrations (130 to 620 μg/g) range from 46 to 116 ft bgs, with 
slightly greater concentrations in the lower Cold Creek unit (102 to 107 ft bgs).

Figure 6-39. Location of Boreholes C4101 
and C4105 in T Farm
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6.3 TANK T-101 DIRECT PUSH AUGUST AND OCTOBER 2006

Nineteen direct-push probe holes 
were emplaced around Tanks T-101
and T-104 in 2006 to investigate 
vadose zone contamination 
associated with a 1969 overfill 
event from Tank T-101 with spare 
inlet losses. An estimated 1,230 Ci 
of 137Cs, 0.0434 Ci of 60C, and 
0.382 Ci of 99Tc were lost to the 
vadose zone as a result of the leak 
event (RPP-7123, Surface 
Conditions Description of the T-
TX-TY Waste Management Area). 

Figure 6-40 shows locations of direct 
pushes and total gamma logging.
Figure 6-41 shows locations of 
direct pushes with spectral gamma 
logging results and samples. 

Source: PNNL-16649, 2007, Characterization of Direct Push Vadose Zone Sediments from the T and TY Waste Management 
Areas, Pacific Northwest National Laboratory, Richland, Washington.

Figure 6-41. T Farm Direct Push Probe Hole Locations (August–October 2006)

Figure 6-40. T Farm Direct-Push Probe Hole Locations
with Total Gamma and Spectral Gamma Logging and 

Radionuclides Detected (August–October 2006)
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Table 6-3 summarizes gamma results presented in RPP-34645, Small Diameter Geophysical 
Logging in the 241-T Farm, and Table 6-4 summarizes sample results presented in 
PNNL-16649, Characterization of Direct Push Vadose Zone Sediments from the T and TY Waste 
Management Areas.

Table 6-3. T Farm Direct Push Probe Hole Survey Summary

Probe 
hole

Gross 
gamma

Spectral 
gamma

Green 
GM

Hole 
depth

Depth max 
activity

Max e137Cs
(pCi/g) Comment

C4591 X Green 60.5 27-34 ft >1,000,000

C4593 X Spectra Green 60 27-29 ft >1,000,000 Spectra 38-60 ft
Eu at 50 ft, Eu and Cs at 48 ft

C4595 X Spectra Green 61 41-51 ft >100 Spectra 38-61 ft

C4597 X Spectra Green 60.5 40-51 ft >100 Spectra 35-60 ft

C4599 X Spectra Green 60.5 22-26 ft >10,000 Spectra 36-48 ft

C4601 X Green 61.5 Background

C5375 X Spectra Green 78 30-48 ft >100 Spectra 32-48 ft

C5377 X Spectra Green 80 45-64 ft >100 Spectra 42-69 ft

C5379 X Spectra Green 80 49-67 ft >100 Spectra 46-72 ft

C5381 X 80 63 ft 4

C5383 X 79.5 63 ft 4

C5385 X 80 66 ft 4

T50-01-04 X Green 60.5 22-29 ft >1,000,000

GM = Geiger-Mueller

Table 6-4. Direct Push Probe Hole Sampling Analysis Summary (2 pages)

Sample 
ID

Probe-
hole 
ID

Mid-
depth

(ft bgs)
Moisture

(%) pH

Electrical 
conductivity

(mS/cm)
Nitrate
(µg/g)

99Tc
(pCi/g)

Sodium
(µg/g)

137Cs
(pCi/g)
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Table 6-4. Direct Push Probe Hole Sampling Analysis Summary (2 pages)

Sample 
ID

Probe-
hole 
ID

Mid-
depth

(ft bgs)
Moisture

(%) pH

Electrical 
conductivity

(mS/cm)
Nitrate
(µg/g)

99Tc
(pCi/g)

Sodium
(µg/g)

137Cs
(pCi/g)

Source: PNNL-16649, 2007, Characterization of Direct Push Vadose Zone Sediments from the T and TY Waste Management 
Areas, Pacific Northwest National Laboratory, Richland, Washington.

Bold values denote elevated concentrations.

Except for EC (measured in porewater), and 137Cs (which was measured directly), the values are 1:1 water-extract values.

ND = not detected.

Based on characterization of the probe holes that were emplaced to the southeast of Tank T-101 
at the interface boundary, waste from Tank T-101 appears to have migrated laterally several 
meters away from the tank.  Waste from the Tank T-101 leak possibly migrated laterally to the 
southwest, which can be observed in the separate Tank T-106 C4105 borehole that showed a 
strata dip to the southwest in the T Farm (PNNL-14849, Characterization of Vadose Zone 
Sediments Below the T Tank Farm: Boreholes C4104, C4105, 299-W10-196, and RCRA 
Borehole 299-WJ1-39, Section 6.2).  The 60Co in drywells 50-05-11 and 50-04-10 appear to be 
migration from the Tank T-101 spare inlet overflow.  Interpretation of the water extract data 
associated with the Tank T-101 samples indicates that the mobile constituents associated with 
this leak event reside deeper in the vadose zone at this location; however, the lack of depth-
discrete samples does not enable the confirmation of this hypothesis. No direct-push holes were 
placed on the west side of Tank T-101.
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6.4 RESISTIVITY MEASUREMENTS

Available resistivity information developed in 2006 and reanalyzed in 2009 was reviewed 
(RPP-RPT-42844).  Resistivity measurements are used as a screening tool.  Low-resistivity 
(high-conductivity) anomalies are indicators that tank waste may be present due to the high 
sodium and nitrate composition of tank waste and high soil moisture.  However, resistivity 
anomalies may also be due to other factors.  No well-to-well resistivity anomalies were observed 
that would indicate a potential tank leak from Tanks T-102 or T-105.

An area of low resistivity (high conductivity) was observed on the southeast quadrant of 
Tank T-106 (Figure 6-42).  Note that resistivity anomalies may not be detected for a small 
release, and small resistivity anomalies may or may not indicate the presence of tank waste. 
Well-to-well resistivity plots are also two dimensional, so the depth of the resistivity anomaly is 
unknown, and the plots are limited to the location of drywells.  Resistivity measurements are also 
complicated by infrastructure such as pipelines and encasements near Tanks T-102 and T-105.

Figure 6-42. Well-to-Well Resistivity Measurements in T Farm
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Figure 6-43 shows a resistivity plot for well-to-well measurements with a larger well diameter 
test compared to the previous figure, indicating resistivity anomalies from Tank T-101 that
appear to show migration toward drywell 50-02-05.

Consequently, for purposes of leak assessments, the resistivity measurements were inconclusive 
regarding the source of increased activity in drywell 50-02-05.  However, resistivity 
measurements can show the possible path of tank leaks.

Source: RPP-RPT-42844, 2009, Reanalysis of Surface Geophysical Exploration Resistivity Data for the 241-T Tank Farm, 
Rev. 0, Washington River Protection Solutions, LLC, Richland, Washington.

Figure 6-43. Well-to-Well Resistivity of 0.1 Ohm-m and Well Diameter of 0.5 Meter
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6.5 T FARM PIPING AND PIPE ENCASEMENTS

Concrete multi-pipe encasements and direct buried transfer lines are present on the east and west 
sides of Tank T-102 and just east of drywell 50-02-05, and run between Tanks T-102 and T-105 
(Figure 6-44).  Pipelines and/or encasements may have leaked and could be the source of activity 
detected in drywell 50-02-05 in 1974.  However, because the pipelines have not been used since 
1976, continued leakage from the encasements or pipelines after 2001 seems unlikely.  The 
encasements are located approximately 2 to 5 ft bgs, and the drywell 50-02-05 gamma activity 
was much deeper (40 ft bgs).  The assessment team concluded that releases from pipelines and 
concrete encasements may be responsible or partly responsible for the gamma activity 
discovered in drywell 50-02-05 in 1974, but did not contribute to the increased gamma activity 
measured in 2009 or after.

Figure 6-44. Concrete Multi-Pipe Encasements
and Direct-Buried Transfer Lines Locations
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6.6 T FARM FLOODING

During the winters of 1979 to 1980 (and possibly 1980 to 1981), T Farm flooded due to a period 
of rapid snowmelt over frozen ground.  The photographs in Figure 6-45 show a large portion of 
T Farm under water during this time.

Figure 6-45. Photographs Taken in T Farm
During Flooding in 1979–1980
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The flooding in T Farm was investigated as a possible source of water intrusion into Tank T-102 
that was reported to be a 1.8-in. increase in the liquid level between January 1979 and 
December 1984 (see Section 5.1).  However, there is an 8-ft to 9-ft difference in elevation 
between the TR-153 booster pump pit and the ground surface.  The flood water around this 
booster pump pit would have to be an additional 12 in. deep for the water to enter through the 
cover block cracks.  Thus, it seems unlikely the water intrusion into Tank T-102 occurred via this 
pathway.

6.7 T FARM INTERIM SURFACE BARRIER

Seven tanks in T Farm are assumed leakers. The largest known release was from the leak that 
occurred from Tank T-106 in 1973. Many of the contaminants from such waste releases still 
reside within the vadose zone beneath T Farm. The U.S. Department of Energy, Office of River 
Protection sought to minimize the movement of this residual contaminant plume by placing an 
interim surface barrier on the ground surface to minimize the infiltration of precipitation. The 
interim surface barriers were constructed at the T and TY Farms as part of the Interim Surface 
Barrier Demonstration Project described in PNNL-19772, T-TY Tank Farm Interim Surface 
Barrier Demonstration – Vadose Zone Monitoring Plan, and PNNL-16538, T Tank Farm Interim
Surface Barrier Demonstration – Vadose Zone Monitoring Plan.

The construction of the interim surface barrier started in October 2007 and was completed in 
April 2008. The barrier covers the ground surface in an octagon shape above Tanks T-105, 
T-106, T-108, and T-109, and portions of six other tanks (Figure 4-1). Approximately 0.3 m 
(1-ft) thick compacted soil was added to the original ground surface before the surface barrier 
was emplaced. Above the compacted soil is a 0.6 cm (0.25-in.) thick polyurea/geotextile as the 
impermeable interim surface barrier. The barrier dips slightly to the north so that rainwater can 
run off via a lined runoff ditch to an infiltration area (see Section 4.0).

The interim surface barrier was inspected as part of this assessment to determine the integrity of 
the barrier.  Rainwater could be infiltrating through any tears in the barrier and potentially 
affecting movement of existing radionuclides such as those near drywell 50-02-05.  Small tears 
have been noted and repaired.  Monitoring has indicated that the soil is drying under the barrier
(RPP-RPT-59411, T-TY Tank Farm Interim Surface Barrier Demonstration – Vadose Zone 
Monitoring FY15).
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7.0 HYPOTHESIS

Based on review of the in-tank and ex-tank data, the leak assessment panel developed the 
following individual plausible hypotheses for the observed tank behavior for Tanks T-102 and 
T-105.

TANK T-102

Tank T-102 Leak Hypothesis

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
Tank T-102.

Tank T-102 Non-Leak Hypothesis

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a source other 
than Tank T-102.

TANK T-105

Tank T-105 Leak Hypothesis

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
Tank T-105.

Tank T-105 Non-Leak Hypothesis

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a source other 
than Tank T-105.
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8.0 EVALUATION

Tank operations and parameters, in-tank surface level data, and ex-tank data for resistivity 
measurements, pipelines and encasements, T Farm surface barrier, and drywell logging were 
discussed and evaluated in a series of meetings (see Appendix A).

As a result of increased gamma activity detected in drywell 50-02-05 during the 2008 logging, 
additional SGLS logging was performed in August 2009 to determine if any impact was 
observed up-gradient or down-gradient from drywell 50-02-05, and to assess the possibility of 
migration from other tanks or impacts from barrier runoff to an infiltration pond.  None of the 
nearby drywells showed an increase in activity or any indication of moisture movement that
would be expected if the changes in drywell 50-02-05 were due to migration from other tanks, 
barrier runoff, or latent barrier effects.  The absence of comparable activity in nearby drywells 
suggests that the increase is a localized event, either from movement of a relatively small volume 
of waste or movement of moisture through existing contamination.

Results of initial tank leak assessment investigation were presented to the ESRB on June 30, 
2009, with a recommended plan to obtain additional data.  An action plan was prepared 
(Washenfelder 2009), and additional logging was performed.  Direct-push logging and other 
investigations were also recommended in the action plan; however, the ESRB determined that 
only logging should be performed initially to monitor drywell 50-02-05 and assess potential 
sources or causes for the 137Cs increase (see Appendix B).

Drywell 50-02-05 was logged using the RAS between September 2009 and September 2010.
Meetings with the ESRB were held on August 18, 2009 and September 8, 2009 to provide 
logging status.  In the September 2009 meeting, the RAS logging frequency for drywell 50-02-05 
was recommended to be changed from monthly to quarterly because no changes were observed.  
Quarterly RAS logging of drywell 50-02-05 continued until September 2010, when the logging 
was discontinued because no additional changes were observed.

After additional assessment investigation, preparation of a draft report, and meeting with the 
ESRB in 2014, drywell 50-02-05 was re-logged per the ESRB using the RAS on April 9 and 10, 
2014, to see if there had been any change since the drywell was last logged in September 2010.  
Results initially indicated a 20 percent increase in 137Cs concentrations since the drywell was last 
logged; an 8 percent decrease was expected due to 137Cs decay.

Upper management was informally briefed of the results, and the assessment team reconvened to 
discuss results and a path forward.  As part of an action plan, additional logging of drywell 
50-02-05 and the four surrounding drywells was recommended to confirm that the RAS results 
were correct.  Subsequent June 9 RAS logs (Figure 6-13) confirmed the increase in drywell 
50-02-05 and confirmed no change in the surrounding drywells.  A PER task was assigned 
(WRPS-PER-0806.7) to complete an action plan for the path forward.

The RAS results were evaluated by the assessment team in July 2014, and an action plan was 
outlined.  The assessment was put on hold until the action plan was prepared and completed. 
Action plan RPP-PLAN-60001 was released in October 2014.  A key part of the action plan was 
direct-push logging and sampling.
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Although the path forward was approved, budget and resources were not available for the direct
push characterization.  However, videos and Enraf measurements were obtained from 
Tank T-102 that confirmed the Enraf in Tank T-102 was measuring a liquid surface, and a 
decision was made to complete the leak assessments for Tanks T-102 and T-105.  In support of 
the assessment, drywell 50-02-05 and the four surrounding drywells were again logged using the 
RAS to track any increase that may have occurred (August 2017).  A video of Tank T-105 was 
also obtained to inspect the surface condition. The August drywell logging indicated increasing 
drywell 50-02-05 137Cs, and little or no migration at the 40-ft level from the four drywells 
surrounding 50-02-05 toward 50-02-05.

The following subsections summarize discussions and information presented in the tank leak 
assessment meetings and the development and evaluation of tank leak hypotheses.

8.1 COMPARISON OF TANK T-102 AND T-105 PARAMETERS

A comparison of waste parameters for Tanks T-102 and T-105 is summarized in Table 8-1.

Table 8-1. Comparison of Tank T-102 and T-105 Waste Parameters

Parameter Tank T-102 Tank T-105

Integrity statusa Sound Sound
Interim stabilized (year)b 1981 1987
Current waste inventory (kgal)a 30 92
Supernatant liquid (kgal)a 11 0
Sludge (kgal)a 19 92
Drainable liquid remaining (kgal)a 3 5
Distance from drywell 50-02-05 to tank basec 12.9 ft 10 ft
Temperature (°F)d 64 (2008) 75 (1981)
OH- (M)e 0 1
OH- (pH)e 11.6 14
NO2 (M)e 0.5 1.18
NO3 (M)e 1.76 0.6
Compliance test (ratio)e 0.28 1.97
Compliance test (DST limits)e Not compliant Compliant
Waste typesf MW, CW, BL, IX, EB, RIX, R 1C, CW, DW, BL, IX, 2C, HLO

a HNF-EP-1082, 2017, Waste Tank Summary Report for Month Ending September 30, 2017, Rev. 357, Washington River 
Protection Solutions, LLC, Richland, Washington.

b  HNF-SD-RE-TI-178, 2007, Single-Shell Tank Interim Stabilization Record, Rev. 9a, CH2M HILL Hanford Group, Inc., 
Richland, Washington.

c  H-2-36945, 2013, “Wells in 241-T Farm As-Built,” Rev. 9, U.S. Department of Energy, Office of River Protection, 
Richland, Washington.

d  Personal Computer Surveillance Analysis Computer System (PCSACS).
e  RPP-RPT-43116, 2009, Expert Panel Report for Hanford Site Single-Shell Tank Integrity Project, Rev. 0, Washington 

River Protection Solutions, LLC, Richland, Washington.
f RPP-RPT-55084, 2013, Hanford 241-T Farm Leak Inventory Assessment Report, Rev. 0, Washington River Protection 

Solutions, LLC, Richland, Washington.
1C = first-cycle waste from BiPO4 process.
2C = second-cycle waste from BiPO4 process.
BL = B Plant low-level waste.
CW = cladding waste (included with 2C from 1945-1950, 

and with 1C from 1951-1956).
DST = double-shell tank.
DW = decontamination waste.

EB = evaporator bottoms.
HLO = Hanford laboratory operations waste.
IX = ion exchange waste.
MW = metal waste from BiPO4 process.
R = reduction-oxidation (S Plant) high-level waste.
RIX = reduction-oxidation (S Plant) ion exchange.
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The most significant differences between the tank parameters appeared to be the volume of 
supernatant in Tank T-102 compared to Tank T-105, and the non-compliant pH level in
Tank T-102.  Tank T-102 has 13,000 gal of supernatant and Tank T-105 has no supernatant, with 
a small volume of drainable liquid compared to Tank T-102. Differences in other parameters 
appeared to be insignificant.

8.2 DRY WELL LOGGING EVALUATION

The following observations were discussed regarding logging data for drywells surrounding 
Tank T-102 and Tank T-105.  

• Drywell 50-02-05 contaminants were present since at least 1974.

• Gross gamma data up to approximately 1980 showed a decrease due to 106Ru decay.

• Gross gamma data from approximately 1980 to 1995 tracked the 137Cs decay curve.

• Drywell 50-02-05 gamma activity probably began increasing in approximately 1998.

• Very thin peak of 137Cs at the tank base (base of both tanks is at same elevation, 
approximately 40 ft).

• Clear indication that there has been a new contamination event, or that existing 
contamination has moved, measured at drywell 50-02-05 since 2008.

– 137Cs has increased at about the same rate measured from 2010 through 2014 and 2017.

• Four drywells surrounding 50-02-05 have not shown any change in 137Cs activity at the 
40-ft level, indicating little or no migration from these drywells toward 50-02-05.  
Drywells 50-03-04, 50-02-08, 50-02-09, and 50-03-05 indicated that the leak at 
Tank T-103 has not likely migrated towards drywell 50-02-05.

– Sampling indicates vadose zone slopes slightly to the southwest.

• Drywell 50-05-11 indicates that the Tank T-106 leak has not migrated to drywell 50-02-05.

• The increased 137Cs could be an effect of soil attenuation, and soil sorption is also a factor 
to consider.

• Both Tanks T-102 and T-105 could possibly be contributing to the 50-02-05 drywell 
increase in gamma activity, with Tank T-105 having a higher probability than 
Tank T-102 (see Section 9.0).  However, other possible sources exist, as indicated in 
Section 8.2.1.

8.2.1 Other Possible Sources

In addition to a Tank T-102 or T-105 leak, the following possible sources or causes for the 
increased 137Cs activity were discussed.

• A potential source for the gamma activity measured in 1974 is migration from past 
tank releases.  The recent increase in 137Cs activity is unlikely to be from migration of a 
past leak from Tanks T-103 or T-106 because there was no change in 137Cs or total gamma
activity in the drywells surrounding those tanks.  The 137Cs is generally only mobile if the 
concentration of 137Cs in the soil is near saturation capacity (approximately 4E+07 pCi/g)
or if the soils have a high sodium concentration (RPP-ENV-33418, Appendix D).  
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Given the concentration of 137Cs measured and the very thin peak, the drywell may be 
measuring attenuation from a larger 137Cs plume from a small past leak near Tanks T-105 
or T-102 several feet away from the drywell.

Migration from a past release near drywell 50-01-09 from the Tank T-101 cascade line to 
Tank T-102 on the west side of Tank T-101, or the Tank T-102 southwest side spare 
inlet, is also plausible.  Migration from the Tank T-101 spare inlet overflow indicated by 
the gamma levels found in drywell 50-01-04 on the southeast side of the tank is not 
indicated, as the change should have been seen in drywell 50-01-06 or 50-04-10, if this
was in the migration path to the drywell 50-02-05 increased gamma activity.  There are 
no intermediate drywells between the Tank T-101 cascade line (drywell 50-01-09) and 
drywell 50-02-05.  Drywell 50-01-09 shows low 137Cs activity at approximately 21 ft bgs, 
which appears to be from the cascade line level bgs.  Although the distance seems long, 
the 137Cs from the Tank T-106 leak migrated further and along a similar path at the base 
of the tank, as shown in Figure 6-3 (Section 6.1).  

Part of Tank T-101 is outside the barrier, and a wet zone from a past release could 
continue to migrate slowly due to recharge.  Occurrence Report 75-147, “Drywell (50-01-
06 and 50-01-09) Radiation Peak Growth,” neutron probe moisture profiles indicate 
substantial soil moisture above 10 percent in equilibrium.  This, along with more recent 
2006 sampling moisture results (Table 6-4) and the nitrate measurements sampled in 
1974 and 1975, 4.20 M (Sample T-22860) and 3.76 M (Sample T-2381) can affect 
migration of tank leaks (U.S. Department of Energy Publications, “Sorption of Cs+ to 
Micaceous Subsurface Sediments from the Hanford Site”). As discussed in meeting #10, 
contamination migration of approximately 1 ft closer to drywell 50-02-05 could result in 
a 10x increase in observed gamma activity at the drywell.

• The apparent increase may be a result of drywell reading errors or other unknown 
anomalies.  Some uncertainty is expected. As an example, the 1998 SGLS estimates 
were originally believed to be low. Attributing all of the increase in gamma activity to 
instrument error or changes in instrumentation seems unreasonable given the magnitude 
of the increase measured and the emphasis on checking and calibrating the instruments.

• Drywell casing affinity for 137Cs.  The question was raised as to whether the 137Cs may 
have moved due to an attraction or affinity for the steel drywell casing.  While 137Cs has 
been observed to increase in a few other drywells with no apparent reason, there is 
presently no data to indicate this is due to an affinity for the drywell materials or a decay 
or breakdown of materials.

• Drywell decay.  Another possibility is that the drywell casing or part of the casing may 
have decayed or changed such that the logging instruments show a higher reading.  
However, based on observed decay calculations for tanks, even a complete decay of the 
steel casing would only account for a fraction of the measured increase in 137Cs activity. 
The 60Co and 154Eu mobile gamma concentrations also showed no change.  These two 
radioisotopes would also be expected to increase, if the higher 137Cs activity was due to a 
decay or change in the drywell casing.
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The key questions are: why would the 137Cs move, and what caused it to move?  Neither of these 
questions has been answered with the available information.  Absent any direct pushes with soil 
sampling in strategic locations, along with other diagnostic tools (possibly resistivity), there is no 
other definitive method of determining the source or cause of the drywell 50-02-05 increasing 
137Cs soil concentration.  The drywell 50-02-05 137Cs is on a continuing upward trajectory,
including the logging conducted in August 2017.  Drywell 50-02-05 should therefore be tracked 
(at least) on a periodic basis.

8.3 IN-TANK SURFACE LEVEL MEASUREMENTS

The following observations were discussed regarding surface level measurements for 
Tanks T-102 and T-105.

The surface level gauge for Tank T-105 has been contacting solids since the tank was interim 
stabilized (1987), and surface level measurements could not be used for leak detection.  
Therefore, surface level gauge measurements were not evaluated further for Tank T-105.

A slight surface level decrease of about 0.15 in. was measured in Tank T-102 between 1996 and 
2013.  Calculations indicated that evaporation of the liquid surface could account for the liquid 
level decrease (see Section 5.1).  From April 2015 to April 2016, there was no level drop 
detected from the tank, with the Enraf gauge calibrated at the start and again at the end.

Ongoing water intrusions in Tank T-102 may potentially be masking a larger leak.  Intrusion 
reports and actions were reviewed and discussed.  After water intrusions into Tank T-102 were 
observed between 1979 and 1984, the source of the intrusions was isolated and no further 
intrusions were observed after 1984.  Tank T-102 video inspections of the dome walls and pipes 
extending into the tank were performed in 2011 (RPP-RPT-51404, Fiscal Year 2011 Visual 
Inspection Report for Single-Shell Tanks) and 2014 (RPP-RPT-58239).  No indications of 
intrusions in Tank T-102 were observed in the videos.  While an intrusion could potentially mask 
a smaller leak, a concurrent intrusion and leak are unlikely to balance each other for many years.  
Therefore, no ongoing intrusions appear to be masking a larger tank leak.
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9.0 CONCLUSIONS

9.1 TANK T-102

A consensus among the members of the assessment team was that the available in-tank and 
ex-tank data indicated that the “no-leak” hypothesis was more consistent with the data, and that 
Tank T-102 did not leak.  Elicitation scores for the probability of a Tank T-102 leak ranged from 
p = 0.005 to p = 0.49, with an average of 0.18 (see Appendix G).  The following general 
observations were made.  The liquid level has not shown signs of decreasing throughout the 
period of waste storage since 1946.  Other than the 50-02-05 drywell increase in 137Cs, there is 
no other information that suggests Tank T-102 is leaking.  There are other possible causes of the
137Cs increase in drywell 50-02-05.

With the current level of information, the recommendation of the leak assessment team is that the
current integrity status of Tank T-102 should remain as “sound.”  ESRB review and concurrence 
with the results of the assessment are not required by the ESRB Charter (TFC-CHARTER-32) as 
the assessment results do not change the classification status of the tanks.

9.2 TANK T-105

There was also consensus among the members of the assessment team that the available in-tank 
and ex-tank data indicated that the “no-leak” hypothesis was more consistent with the data, and 
that Tank T-105 did not leak.  Elicitation scores for the probability of a Tank T-105 leak ranged 
from p = 0.13 to p = 0.65, with an average of 0.39 (see Appendix G).  The following general 
observations were made:

• There were unexplained liquid level decreases between 1957 and 1961, and between 
1965 and 1966.

• There appears to have been a liquid level decrease of about 1.3 in. between 1987 and 
2017.  This decrease rate is equivalent to 30 to 120 gal/yr, depending on parameters 
assumed, while a rough estimate for the evaporation from the tank is 70 gal/yr.

Other than the 50-02-05 drywell increase in 137Cs, there is no other information that suggests 
Tank T-105 is leaking.  There are other possible causes of the 137Cs increase in drywell 50-02-05.

With the current level of information, the recommendation of the leak assessment team is that the
integrity status of Tank T-105 should remain as “sound.”  ESRB review and concurrence with 
the results of the assessment are not required by the ESRB Charter (TFC-CHARTER-32) as the
assessment results do not change the classification status of the tanks.

9.3 ADDITIONAL LEAK ASSESSMENT PANEL RECOMMENDATIONS

Direct pushes with soil sampling in strategic locations, along with other diagnostic tools 
(possibly resistivity), are recommended to potentially resolve the questions of why the 137Cs is 
increasing, what caused it to increase, and what is the source of the increase.  There is currently 
insufficient data to determine the source or cause of the increasing 137Cs in drywell 50-02-05.  
The 137Cs is on a continuing upward trajectory in drywell 50-02-05, including the logging 
conducted in August 2017.  Drywell 50-02-05 should at least be re-logged periodically to 
monitor the ongoing status of 137Cs in the drywell.
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LIST OF TERMS 

 

Abbreviations and Acronyms 

 

1C first cycle waste from bismuth phosphate process 
2C second cycle waste from bismuth phosphate process 

A-103 Tank 241-A-103 

AY-102 Tank 241-AY-102 

BBI Best Basis Inventory 
BCR Baseline Change Request 

BiPO4 Bismuth phosphate 

BL B Plant Low Level Waste 

bgs below ground surface 
C-102 Tank 241-C-102 

CASS Computer Automated Surveillance System 

CEIS Cost Estimating Input Sheet 

CW Cladding waste, included with 2C from 1945-50, and with 1C from 1951-56 

DNFSB Defense Nuclear Facilities Safety Board 
DW decontamination waste 

EAPC Employee Accident Prevention Council 

EB Evaporator bottoms waste 

EPA U.S. Environmental Protection Agency 
ESH&Q Environment, Safety, Health and Quality 

ESRB Executive Safety Review Board 

FIC Food Industry Corporation (gauge) 

HGU Hanford Gamma Unit 
HISI Hanford Information System Inventory 

HLO Hanford Laboratory operations waste 

HRLS High Rate Logging System 

IDMS Integrated Data Management System 
ISMS Integrated Safety Management System 

IX Ion exchange waste 

LDR log data report 

LL liquid level 
LOW liquid observation well 

MDL minimum detection level 

RPP-ASMT-55500, Rev. 0

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 93 of 628



A-iii 

MSC Mission Support Contract 

MW Metal waste from bismuth phosphate process 

ORP U.S. Department of Energy Office of River Protection 
PAAA Price-Anderson Amendments Act 

PCSACS Personal Computer Surveillance Analysis Computer System 

PER problem evaluation request 

PNNL Pacific Northwest National Laboratory 
PUREX Plutonium Uranium Extraction (Plant) 

R REDOX high level waste 

RAS Radiation Assessment System 

REDOX Reduction-Oxidation (202-S Plant) 
RIX REDOX ion exchange 

ROM rough order of magnitude 

SGLS Spectral Gamma Logging System 

S-107 Tank 241-S-107 
S-110 Tank 241-S-110 

SST single-shell tank 

SY-102 Tank 241-SY-102 

T-101 Tank 241-T-101 
T-102 Tank 241-T-102 

T-103 Tank 241-T-103 

T-104 Tank 241-T-104 

T-105 Tank 241-T-105 
T-106 Tank 241-T-106 

T-107 Tank 241-T-107 

T-108 Tank 241-T-108 

T-109 Tank 241-T-109 
T-110 Tank 241-T-110 

T-111 Tank 241-T-111 

T-112 Tank 241-T-112 

TX-118 Tank 241-TX-118 
TBD to be determined 

TISB 241-T Tank Farm interim surface barrier 

TMACS Tank Monitor and Control System 

TWINS Tank Waste Information Network System 
WRPS Washington River Protection Solutions, LLC 

WTP Hanford Tank Waste Treatment and Immobilization Plant 
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MEETING MINUTES 

SUBJECT:  Tank T-102 Leak Assessment Meeting #1 

TO: 

Distribution 

BUILDING: 

2750E/A-229 

FROM:  

D. J. Washenfelder 

CHAIRMAN: 

Same 

DEPARTMENT-OPERATION-COMPONENT 

Engineering - Technical Integration 

AREA 

200-E 

SHIFT 

      

DATE OF MEETING 

06/23/2009 

NUMBER ATTENDING 

9 

Distribution: 

D. A. Barnes*+ 

D. G. Baide* 
M. V. Berriochoa* 

J. W. Ficklin+ 

K. J. Hull* 

J. G. Field*+ 
N. M. Kirch*  

L. S. Krogsrud*+ 

R. M. McCain*+ 

______________________ 
*Attendees 

Team Members+ 

 

Background: 
 

Drywell 50-02-05 Contamination Source 

It is unlikely that the metal waste concrete encasement (H-2-42691) is the source of contamination in 
drywell 50-02-05 because of its depth at about 10 ft. bgs, at least 30 ft above the soil contamination 
peak in the drywell.  This encasement wraps around the east and south sides of the drywell and west 
toward tank T-103. 

Tank T-102 

The tank was removed from service in 1976, primary stabilized in December, 1978 (WHC-SD-WM-ER-
320 p C-2), administratively interim stabilized in March, 1981, and isolated in August, 1981 (65611-86-
210).  Original interim stabilization data are missing for this tank (HNF-EP-0182; HNF-SD-RE-TI-178 Rev. 
9). 
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Note:  After the meeting, a limited number of primary stabilization P-10 pumping data sheets have 
been recovered for the 1976 – 1978 period when T-102 supernatant was pumped to tank T-101, the 
designated saltwell receiver at the time.  Several data sheets show that the volume of water used to 
backflush the P-10 pump was about equal to the volume of waste subsequently pumped from the tank. 

 

Is the Change in Drywell 50-05-02 Contamination Peak Caused by Latent Surface Barrier Effects? 

 
It is unlikely that the installation of the surface barrier has affected Drywell 50-02-05, based on the 
following observations: 

• A large amount of construction water was used for soil compaction to establish the barrier’s 
drainage profile, with a larger volume at the southern end of the farm.  The soil penetration 
was expected to be about 12 inches.  None of the drywells checked in the September, 2008 
surface barrier spectral gamma baselining indicated moisture-related migration. 

• Although surface water has been observed collecting on the barrier near Drywell 50-02-05, the 
drywell is protected from intrusion by a capped, corrugated metal pipe.  The barrier is sealed 
to the corrugated metal pipe to prevent moisture wicking down the outside of the drywell 
casing.  None of the other drywells that have been similarly modified shows latent effects from 
the barrier installation. 

• The surface barrier profile draws water away from tank T-102 and collects it in a drainage ditch 
between tanks T-102 and T-103 for delivery to a collection pond a few hundred feet north of 
the tank farm. 

 

Brief History of Drywell 50-02-05 

 
The contamination peak was present when the well was first drilled with a 6-inch casing to 91 feet bgs 
in  March 1974.  In February 1981 the casing was perforated from 0 – 20 feet bgs and from 84 – 86 feet 
bgs, and a 4-inch casing installed.  The annular space between the 4-inch and 6-inch casings was filled 
with grout.  
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Team Member Actions Status: 
 

Leak assessment actions from the June 23rd  meeting are listed below: 

 

 Member Action 

1. D. A. Barnes 

Locate and distribute historical temperature data for tank.  Note: Some data 
for the period ~ 1976 – 1982 were located subsequent to the meeting in 
WHC-SD-WM-ER-320,  “Supporting Document for the Northwest Quadrant 
Historical Tank Content Estimate Report for T Tank Farm Vol I+II” (IDMS 
Accession # NA04097019).  However, only the lowest thermocouple was 
immersed in the waste during that period. 
Status: Completed 

2. D. A. Barnes 
Identify relevant Occurrence Reports recovered from the Leaks and Spills 
database for uploading into the In-Tank Data Leak Assessment template. 

Status: Completed 

3. J. G. Field 
Locate and distribute the Winter 1979-1980 photos of the 241-T Farm flood.  
This may have been an intrusion source. 

Status: Completed. 

4. J. G. Field 

Recover and distribute any available sample data for tank T-102, including the 
inventory estimate available in the Best Basis Inventory in TWINS and the 
Tank Characterization Reports .  Note:  Tanks T-102 and T-105 BBI data, 
sample data, and the T-105 core sample profile were distributed subsequent 
to the meeting.  Additionally, data for tank T-102 samples taken in 1973, 
1974, and 1989 were recovered from WHC-SD-WM-ER-320 (see 1. above for 
reference). 
Status: Completed 

5. J. G. Field 
Recover or prepare tank T-102 process history and distribute.   

Status: In Progress 

6. N. M. Kirch 
Begin populating the new In-Tank and Ex-Tank Data Leak Assessment 
templates as the team provides information. 

Status: In progress 

   
 

RPP-ASMT-55500, Rev. 0

A-3

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 98 of 628



MEETING MINUTES 

SUBJECT:  Tank T-102 Leak Assessment Meeting #1

7. N. M. Kirch

Review historical photo missions in tank T-102, with emphasis on unusual 
liner conditions and the cascade inlet and spare inlet lines in the southeast 
quadrant of the tank closest to drywell 50-02-05.  Obtain digitized photos 
and distribute to team members. 

Status:  In progress 

8. L. S. Krogsrud

With K. J. Hull, proved work package guidance for areas to be inspected 
during the planned in-tank video.  Note:  N. M. Kirch’s review of past photo 
missions may prove helpful in identifying features and areas to be 
examined. 

Status: In progress 

9. L. S. Krogsrud

With K. J. Jull, acquire drawings for saltwell direct buried piping, any other 
direct buried piping, and nearby metal waste recovery concrete 
encasement  that may be  a potential source for the drywell 50-02-05 
gamma peak.  Work with Samantha Hendrickson to prepare a SolidWorks 
sketch of the area of interest. 

Status: In progress 

10. R. McCain

Pull and distribute all of the tank T-101 – T-106 drywell scans complete 
during the 1997 – 1998 baselining for the drywells located north of the 
center line of the T-104 – T-106 cascade; and all of the same drywell scans 
completed in 2008 after the surface barrier installation. 
Status: In progress 

11. 
D. J.
Washenfelder

Locate and distribute historical sluicing information for tanks T-102 and 
T-105 to determine storage duration and waste types held in the tanks.

Status: In progress

12. 
D. J.
Washenfelder

Send liner condition investigation photos taken during the early 1980’s to 
L. S. Krogsrud/K. J. Hull for use developing camera work package
instructions. 

Status: Completed 

References: 

Briefings: 

Date Title 
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Correspondence - Emails: 

Date Title 

Correspondence - Letters: 

Number Title 

65611-86-210 
D. E. McKenney, “Stabilization of Tanks 102-T and 112-T,” Rockwell
Hanford Operation, Richland, WA, January 9, 1987

Documents: 

Number Title 

GJ-HAN-116 

“Tank Summary Data Report for Tank T-102,” S. M. Stoller Corporation, 
1999 (mislabeled as GJ-HAN-89 on the S. M. Stoller Corporation 
website) 

HNF-EP-0182 Rev. 247 
M. J. Rodgers, “Waste Tank Summary Report for Month Ending
October 31, 2008,” Washington River Protection Solutions LLC,
Richland, WA, 2008

OSD-T-151-00031 Rev. G-
3 

D. A. Barnes, Operating Specifications for Tank Farm Leak Detection and
Single-Shell Tank Intrusion Detection, 2008, CH2M HILL Hanford Group,
Inc., Richland, WA

RPP-5556 Rev. 0 
J. G. Field, “Updated Drainable Interstitial liquid volume Estimates for 
119 Single-Shell Tanks Declared Stabilized,”  CH2M HILL Hanford Group, 
Inc., Richland, WA, 2000 (IDMS Accession #D8206268) 

RPP-13019 Rev. 0 
S. A. Barker, “Determination of Hanford Waste Tank Volumes,” 
CH2M HILL Hanford Group, Inc., Richland, WA,  2003 

RPP-RPT-28955 Rev. 0 

D. A. Myers, “Surface Geophysical Exploration of T Tank Farm at the
Hanford Site,” hydroGEOPHYSICS, Inc. and Columbia Energy &
Environmental Services, Inc., Richland, WA, 2006 (IDMS
Accession #NA02901732)

WHC-MR-0132 Rev. 0 
J. D. Anderson, “A History of the 200 Area Tank Farms,” Westinghouse
Hanford Company, Richland, WA, 1990 (IDMS Accession #D196015712)
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WHC-SD-WM-ER-320 
Rev. 0 

“Supporting Document for the Northwest Quadrant Historical Tank 
Content Estimate Report for T Tank Farm Vol I+II,” ICF Kaiser Hanford 
Company, Richland, WA, 1995 (IDMS Accession # NA04097019) 

Drawings: 

Number Title 

H-2-1741 Sh. 1 Rev. 3 Tank Farm Riser & Nozzle Elev. (IDMS Accession #D2359655) 

C-4 (RPP-SPEC-33429
Rev. 0a)

TISB Grading and Drainage Plan 
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SUBJECT:  Tank T-102 Leak Assessment Meeting #2 

TO: 

Distribution 

BUILDING: 

2750E/A-229 

FROM: 

D. J. Washenfelder

CHAIRMAN: 

Same 

DEPARTMENT-OPERATION-COMPONENT 

Engineering - Technical Integration 

AREA 

200-E

SHIFT DATE OF MEETING 

06/25/2009 

NUMBER ATTENDING 

7 

Distribution: 

D. A. Barnes*+

D. G. Baide
M. V. Berriochoa

J. W. Ficklin

K. J. Hull

J. G. Field*+
P. G. Henwood*

N. M. Kirch

L. S. Krogsrud*+

R. M. McCain*+
______________________

*Attendees

Team Members+

Background: 

Changes in Surface Level Resulting from Enraf Calibration 

The tank T-102 surface level decreased -0.23 in between the December, 2008 and the March, 2009 
reading.  A review of the Enraf calibration data indicates that about 0.20 in of the decrease was due to 
re-calibration of the instrument.  All of the calibrations since 2004 are being reviewed to see if other 
Enraf calibrations have artificially shifted the surface level data.  Calibrations prior to 2004 were 
documented, but are more difficult to find. 
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Tank T-102 

The in-tank visual inspection is being planned by Kevin Reberger.  Technical content for the work 
package is being provided by L. S. Krogsrud with assistance from D. P. Niebuhr.  (Note:  After the 
meeting, information was received that further planning of field activities for the Drywell 50-02-05 / 
tank T-102 / tank T-105 leak assessment will be held in abeyance until the proposed plan is reviewed 
by the ESRB on June 30th.) 

Is the Change in Drywell 50-05-02 Contamination Peak Caused by Latent Surface Barrier Effects? 
During Leak Assessment Meeting #1, the possibility that the surface barrier completed in April, 2008 
was creating latent vadose zone effects, including the 137Cs increase in Drywell 50-02-05 was reviewed.  
The discussion continued at Leak Assessment Meeting #2.  The barrier discharge ditch is located 
between tanks T-101 and T-102.  It has been observed to be frequently clogged.  However, as 
discussed at the last meeting, the area immediately around the barrier’s drywells is protected by a 
capped silo. 

The runoff from the barrier is unlikely to be affecting the drywell 50-02-05 plume because of 
channeling through disturbed soil.  When the 241-T farm excavation was prepared in 1943, the 
excavation slope was probably 2:1 or less – it would have extended outward a maximum of ~ 80 ft 
beyond the base of 40 ft deep excavation.  The pond is well beyond this distance.  Based on percolation 
behavior, it is likely that the runoff is moving down through the vadose zone rather than laterally to the 
barrier and affecting existing plumes in the excavation.  It was also observed that none of the nearby 
drywells showed an increase in activity or any indication of moisture movement as would be expected 
if the changes in 50-02-05 were due to barrier affects. 

Soil Resistivity near Tank T-102 

There is an area of low resistivity on the southeast quadrant of the tank, but the source is unknown.  
The low resistivity measurements could be the result of a NO3 plume, interference from underground 
piping, or soil moisture.  For purposes of the leak assessment, the soil resistivity measurements are 
inconclusive regarding the increased activity in drywell 50-02-05. 
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Rough Order of Magnitude Leak Volume Estimate 
After discussion, it was decided to make a ROM maximum and minimum volume estimate for the size 
of the leak.  The 137Cs soil concentration would be set to 50,000 pCi/gm, the peak  measurement in the 
June, 2009 SGLS log; the concentration would be set to the 1974 grab sample 137Cs concentration.  The 
plume radius and thickness remained to be determined.  

SGLS Detector Calibration in pCi/gm Soil Units 

The SGLS detectors are calibrated in pCi/gm of soil using 8 concrete cylinders – 4 ft diameter x 
4 ft high that are impregnated with K-40 and uranium and thorium ores.  The ores are used to 
ensure the uranium and thorium daughters are in decay equilibrium for calibrating counter 
efficiency over the range of gamma energies presented.  The SGLS system software collects the 
net counts in each gamma peak by integrating the counts under the energy peak.  Detector range 
is estimated to be a sphere about the size of a basketball.  The concrete was prepared to have the 
same attenuation as Hanford soil.  When a drywell is logged, attenuation corrections are applied 
to account for the casing wall thickness. 

Detailed Drywell 50-02-05 Chronology  
S. M. Stoller is preparing log data report chronology of the drywell and reviewing nearby
drywells along the east-west axis bisecting 50-02-05 to determine whether there is a plausible
source for the drywell’s 137Cs peak.

RPP-ASMT-55500, Rev. 0RPP-ASMT-55500, Rev. 0

A-10

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 105 of 628



MEETING MINUTES 

SUBJECT:  Tank T-102 Leak Assessment Meeting #2 

Table.  East-West Cross-Section in the Vicinity of Drywell 50-02-05 
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Team Member Actions Status: 

Leak assessment actions from the June 25th  meeting are listed below: 

Member Action 

1. D. A. Barnes

Review Enraf calibration sheets, and apply appropriate corrections to the 
Enraf surface level data for tank T-102.  Incorporate pre-2004 calibration 
corrections as the paperwork is located. 

Status: Completed.  Corrections have been made from available data sheets.  
Will continue searching for pre-2004 data. 

2. D. A. Barnes

Begin work package for logging the five drywells that have been identified as 
necessary to the leak assessment - 50-01-06, 50-01-09, 50-04-10, 50-02-05, 
and 50-05-11. 

Status: Delayed pending outcome of June 30th ESRB review of recommended 
path forward. 

3. J. G. Field 
Locate and distribute tank T-105 interim stabilization records. 
Status: Completed.  Tank T-105 was interim stabilized in 1987. 

4. J. G. Field 

Select drywell 50-02-05 137Cs plume thickness and minimum and maximum 
radii for ROM leak volume range, and calculate minimum and maximum leak 
volume. 

Status: Completed.  Leak volume conservatively estimated to be 50 gal – 500 
gal based on 10 ft thick plume from June, 2009 SGLS log at activity levels 
ranging between 10 pCi/g and 50,000pCi/g (measured  thickness at peak 
activity level is much less than 10 ft).  Minimum radius was selected as 15 ft, 
the approximate distance from the drywell to both tank T-102 and tank 105; 
and the maximum radius as 50 ft, the distance to the nearest adjacent 
drywells.  These drywells do not have a Cs-137 peak at 39.5 bgs, so it is 
assumed that the plume could have reached to the adjacent drywells but not  
beyond them. 

5. 
P. G. 
Henwood 

Prepare cross-section through drywell 50-02-05 along east-west axis to 
determine whether a nearby source for the 137Cs peak exits. 

Status.  Completed and distributed June 29th.  There appears to be no plausible 
sources of Cs-137 near 40 ft in surrounding drywells.   
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6. R. McCain
Provide leak assessment team access to historical SGLS and RAS drywell logs. 

Status: In Progress 

7. R. McCain
Provide detailed chronology of drywell 50-02-05 
Status: Completed.  HGLP-LDR-305. Rev. 1 Appendix A “Discussion of Cs-137 
Increase at 38 to 41 ft in Drywell 50-02-05 distributed June 29th. 
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Background: 

 

Executive Safety Review  Board Review June 30, 2009 

The status of drywell 50-05-02, and tanks T-102 and T-105 was reviewed with the ESRB on June 30th.  
The board agreed to proceed with the first of four recommendations for further work – SGLS logging of 
the five drywells that have been previously identified as needed for evaluation of the 137Cs peak 
increase noted in drywell 50-05-02 when it was logged in September, 2008 during surface barrier 
rebaselining.   The wells to be logged are 50-01-06, 50-01-09, 50-02-05, 50-04-10, and 50-05-11.  The 
CEIS and BCR for the logging and analysis were drafted after conclusion of the ESRB  meeting. 
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The ESRB requested that a plan be prepared describing the objectives of each of the 4 recommended 
investigative steps, and how the work will meet those objectives.  As the work on each 
recommendation is completed, the outcome and conclusions will be presented to the ESRB.  Their 
concurrence on each following step in the investigation will be required before authorizing work to 
proceed further. 

Order of Drywell SGLS Logging and Field Readiness 

The best order to log the five drywells was selected as 50-05-11, then 50-02-05, 50-04-10, 50-01-09, 
and last, 50-01-06.  Drywell 50-05-11 is believed to be ‘clean,’ so if an unexpected soil contamination 
peak is discovered , for example, at the base of the excavation in this well, or any of the others, the 
investigation will regroup and confirm that the original plan is still appropriate before continuing.  
Gross gamma data from the SGLS logging should be available the day after the logging is conducted. 

The location of the drywells will be walked-down on during the next few days to ensure there are no 
interferences with SGLS truck access.  All of these wells have accumulated water over the years due to 
missing or damaged drywell caps.  It was agreed that if the water level is 80 ft below ground surface or 
deeper, pumping before logging would be unnecessary.  This would allow logging to a depth of 40 ft 
below the excavation.  These drywells were checked for water level before the September, 2008 
barrier rebaseling.  The results were as follows:  50-01-06 83 ft BGS; 50-01-09 80 ft. BGS; 50-04-10 83.4 
ft BGS; 50-05-11 117 BGS; and 50-02-05 81 ft BGS.  Since these water levels were taken after the 
protective silos and rainhats were installed on the drywell, the levels should still be valid. 

Impact of “Webster Completion” on Drywell Counting and Soil Moisture Measurements 

The five drywells scheduled for SGLS  consist of a 4 in casing installed inside a perforated 6 in casing, 
with grout filling the annulus.  “Webster Completion” drywells are mostly found in the 241-T tank farm, 
but exist in other tank farms as well.  The double-wall casing and grout reduce the count rate during 
logging, and extend the counting time.  Additionally, neutron moisture measurements are not reliable 
because the detector is reading thermal neutrons returned from the hydrated water in the grout. 

Next Meeting 

The next leak assessment meeting will be schedule to review the new SGLS log data as soon as the 
logging begins. 
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Team Member Actions Status: 

Leak assessment actions from the July 1st meeting are listed below: 

Member Action 

1. 
J. W. Ficklin/ 
L. S. Krogsrud

Inspect 241-T tank farm in vicinity of the five drywells to ensure there are 
no physical access interferences that will restrict the Stoller SGLS logging 
truck. 

Status: In progress 

2. R. McCain

Review brief SGLS detector calibration description in Meeting Minutes #2 
and correct and expand the description into an accurate thumbnail 
description of detector calibration. 

Status: In Progress 

3. 
J. G. Field/D. J. 
Washenfelder 

Brief Ecology on investigation status at next week’s 241-BY tanks’ leak 
assessment meeting.  Notify Jeff Lyon, Ecology, of the meeting location 
and time. 

Status:  In progress 

4. 
D. J.
Washenfelder

Prepare ESRB plan describing the objectives of each of the 
4 recommended investigative steps, and how the work will meet those 
objectives. 

Status:  In progress 

5. 
D. J.
Washenfelder

Try to locate the original prints of the 241-T tank farm flood that occurred 
during the 1979-1980 winter. 

Status:  In progress 
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Tank T-102 Background: 

On June 18, 2009 WRPS was officially notified of a > 10x increase of a pre-existing gamma ray peak in 
drywell 50-02-05.  Drywell 50-02-05 is located between tanks T-102 and T-105 below the edge of the 
T Farm surface barrier.  The increase was from 2,000 pCi/g to 49,650 pCi/g.  A team was formed and 
the formal leak assessment was started for tank T-102 in June 2009 and 3 Leak Assessment meetings 
took place plus an additional kick off meeting in 2009.  During these meetings, additional data was 
requested for drywell 50-02-05 which was logged in 2009 and 2010.  A 4th leak assessment meeting 
July 19, 2012 was convened with additional members to continue the formal tank T-102 leak 
assessment. 
 

Discussions: 

A presentation was handed out (see Attachment 1) which addressed the background of T-102, the new 
leak assessment drywell logging data, possible leak scenarios, and relevant supporting data for the 4th 

RPP-ASMT-55500, Rev. 0RPP-ASMT-55500, Rev. 0

A-22

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 117 of 628



MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #4 

meeting.  The results reported from the 2010 drywell 50-02-05 logging concluded that the 137Cs levels 
appeared to stabilize since the earlier increase between 1998 and 2001. 
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The T Farm surface barrier was discussed and how liquid has been shown to accumulate on top of the 
barrier above T-102 due to blocking of the runoff areas.  However, no visible cracks have been 
observed in the T Farm surface barrier in the past.   
 

It was determined that in order to identify if T-102 is a possible leaker, then the surrounding tanks 
(T-101 through T-105) will need to be investigated as well to rule out if any of these tanks could 
possibly be the source of the radioactivity detected in drywell 50-02-05.  An additional packet was 
handed out to the team members that contained pertinent information for the T-102 leak assessment 
(see Attachment 2 for the list of documents in this packet).  

 

Next Meeting 
The next leak assessment meeting is scheduled for July 26, 2012, 10:00am to 12:00pm in 2750E/C213. 

 

Team Member Action Status: 

The information on the presentation slides (see Attachment 1) was discussed in the meeting.  The 
following actions came out of the discussions and further review of existing documentation. 

 

Leak assessment actions from the July 19, 2012 meeting are listed below: 

 

 Member Action 

1 
J.W. Ficklin 

L.S. Krogsrud 

Review T Farm Barrier inspection information and provide a field inspection 
of the barrier condition. 

Status:  In progress 

2 
D. J. 

Washenfelder 

Provide available T Farm archived drywell data sheets and other archived 
T-Farm information.  

Status:  In progress 

3 
T.J. Barnes 

C.L. Girardot 

Develop a comparison chart of the available tank T-102 drywell and liquid 
level information and the same for surrounding tanks with the exception of 
tank T-106. 

Status:  In progress 

4 
T.J. Barnes 

D.G. Harlow 

Review available tank T-102 photos and videos. 

Status:  In progress 
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5 D.G. Harlow

Look for pertinent notations on Liquid Level charts that apply to tank T-102 
leak assessment. 

Status:  In progress 
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Attachments: 

1. “241-T-102 Leak Assessment” Presentation from T-102 Leak Assessment meeting #4, July 19,
2012

2. Reference list handed out at the T-102 Leak Assessment meeting #4, July 19, 2012
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Tank T-102 Leak Assessment Handouts- July 19, 2012 

1. Drywell Radiation Levels for T-102 Drywells from 1973/1974
2. T Tank Farm Visualizations (GJO-99-101-TARA/GJO-HAN-27, Vadose Zone Characterization

Project at the Hanford Tank Farms, Appendix D, July 2000)

3. Meeting Minutes 6/19/2009 “Significant Changes in Drywell 50-02-05 Gamma Radiation

Reading (revised)”

4. WRPS-PER-2009-1218, “A Significant Increase in Cs137 Activity in Drywell 50-02-05 was

Noticed,” 6/19/2009

5. Leak Assessment Meeting Minutes 1-3 (6/23/2009, 6/25/2009, 7/1/2009)

6. Intrusion and subsequent liquid level email from DA Barnes- June 24, 2009

7. Drywell 50-02-05 Plume Size Estimate- July 2, 2009

8. Source of Tank T-102 Water Intrusion- July 14, 2009

9. Occurrence Report 83-16, “Tank 241-T-102 Liquid Intrusion,” Final 1/3/1985

10. WRPS-0901156, Interoffice Memorandum from DJ Washenfelder to TL Steelman,

“Drywell 50-02-05 Investigation Plan, Rev. 0,” July 15, 2009

11. Log Data Report for Borehole 50-02-05 (HGLP-LDR-305), Rev. 3, October 12, 2009

12. Hanford Geophysical Logging Project- Discussion of Cs-137 Increase at 38 to 41 Feet in

Drywell 50-02-05, HGLP-OTH-007, Rev. 0, May 2010

• Update to RPP-RPT-44202 Appendix B

13. “Discussion of Cs-137 increase at 38 to 41 ft in Drywell 50-02-05,” February 21, 2011.

• Don’t believe this report was ever issued

14. SD-WM-TI-356, Rev. 0, Tank T-102 pages 50-02-01 to 05-02-08
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Tank T-102 Leak Assessment- Other References 

1. RPP-6088, Rev. 0, Analysis and Summary Report of Historical Drywell Gamma Logs for the

241-T Tank Farm- 200 West, April 2000.

2. RPP-RPT-44202, Rev. 0, Hanford Geophysical Logging Project Spectral Gamma Re-Baseline

Logging for the T-Farm Interim Surface Barrier, January 2010.
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TO: Distribution BUILDING: 2750E/C213 

FROM: CL Girardot CHAIRMAN: DG Harlow 

DEPARTMENT-OPERATION-COMPONENT 

Engineering- Technical Integration 

AREA 

200-E

SHIFT DATE OF MEETING 

07/26/2012 

NUMBER ATTENDING 

6 

Distribution: 

TJ Barnes* 

JW Ficklin*+ 

JG Field*+ 
JR Follett+ 

CL Girardot+ 

DG Harlow*+ 

KJ Hull*+ 
LS Krogsrud* 

JM Johnson 

RT Roxburgh 

DJ Washenfelder+ 

*Attendees

Team Members+

Tank T-102 Background: 

On June 18, 2009 WRPS was officially notified of a > 10x increase of a pre-existing gamma ray peak in 
drywell 50-02-05.  Drywell 50-02-05 is located between tanks T-102 and T-105 below the edge of the 
T Farm surface barrier.  The increase was from 2,000 pCi/g to 49,650 pCi/g.  A team was formed and 
the formal leak assessment was started for tank T-102 in June 2009 and 3 Leak Assessment meetings 
took place plus an additional kick off meeting in 2009.  During these meetings, additional data were 
requested for drywell 50-02-05 which was then logged in 2009 and 2010.  A 4th leak assessment 
meeting July 19, 2012 was convened with additional members to continue the formal tank T-102 leak 
assessment. 
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Discussions: 

The action items from meeting #4 were discussed as follows: 

The T Farm barrier did not apparently contribute to any contamination migration either during 
installation or as a result of some barrier water accumulation in the past as the timing of 
drywell 50-02-05 changes occurred before installation and no evidence of general drywell changes 
appeared after installation. 

A review of the drywells in the vicinity of tank T-102 from the first indication of radiation through the 
logging reported in the 1998-1999 Grand Junction Hanford Geophysical Logging project and to the 
2008/2009 drywell rebase lining associated with the T Farm barrier installation indicated no other 
drywell changes that could be associated with the increases in drywell 50-02-05.  Drywell 50-02-05 
appears to be an isolated contamination point with a very tight band near the level of the base of 
tanks T-102 and T-105 (see attachments described in the action items below).  

Preliminary hypotheses statements that were discussed in the meeting included: 

Leak Hypothesis: 

“The changes in drywell 50-02-05 between 2000 and 2009 were caused by a leak from 
tank T-102 (or “a tank”).”  

No-Leak Hypothesis: 

“The changes in drywell 50-02-05 were caused by a source other than tank T-102 (or “a tank”)” 

Next Meeting 

The next leak assessment meeting is tentatively scheduled for August 11, 2012. 

Team Member Action Status: 

The information on the following attachments was discussed in the meeting.  The following actions 
came out of the discussions and further review of existing documentation. 
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Leak assessment actions from the July 19, 2012 and July 26, 2012 meetings are listed below: 

Member Action 

1 
J.W. Ficklin 

L.S. Krogsrud

Review T Farm Barrier inspection information and provide a field inspection 
of the barrier condition. 

Status:  Completed.  Inspection forms and observations indicated no seams 
or repair jobs in the T Farm surface barrier near tank T-102. 

2 
D. J.

Washenfelder 

Provide available T Farm archived drywell data sheets and other archived 
T-Farm information.

Status:  Completed.  No additional drywell data sheets were found or others 
archived. 

3 
T.J. Barnes 

C.L. Girardot

Develop a comparison chart of the available tank T-102 drywell and liquid 
level information and the same for surrounding tanks with the exception of 
tank T-106. 

Status:  Completed.  See Attachments 1-2. 

4 
T.J. Barnes 

D.G. Harlow

Review available tank T-102 photos and videos. 

Status:  Completed.  Completed review of T-102 video (01/31/2011) which 
did not reveal any additional information.  See Action #12 below. 

5 D.G. Harlow

Look for pertinent notations on Liquid Level charts that apply to tank T-102 
leak assessment. 

Status:  Completed.  Plotted liquid levels of tanks T-101 through T-105 (see 
Attachment 3).  Plotted liquid levels of T-102 from 1999 to 2008 and took 
out any data points that appeared to be anomalies (see Attachment 3). 

6 J.G. Field 

Review 1974 50-02-05 drywell data sheets. 

Status:  Completed.  Radioactivity reported in the 1974 drywell data sheets 
are gross gamma counts that would consist mostly of 106Ru and some 137Cs.  
After a period of time, the decrease in radiation followed the 137Cs decay 
curve. 

7 J. G. Field 

Check resistivity readings in the barrier design report. 

Status:  Completed.  Received 2 documents, RPP-RPT-28955, Surface 
Geophysical Exploration of T Tank Farm at the Hanford Site, and 
RPP-RPT-42844, Reanalysis of Surface Geophysical Exploration Resistivity 

RPP-ASMT-55500, Rev. 0

A-68

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 163 of 628



MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #5 

Data for the 241-T Tank Farm.  A determination of the source of the 
radiation in drywell 50-02-05 was not able to be determined from resistivity 
measurements.  The small volume of affected soil and the relatively low level 
of radiation indicated a 50 to 500 gallon leak which probably did not add 
enough chemicals for resistance changes to be detected.  Leaks from 
tanks T-103 and T-106 leaks may also be an interfering factor. 

8 J. G. Field 

Find any additional relogging of drywells surrounding T-102 after the 
2008/2009 rebaseline efforts. 

Status:  Completed.  RPP-RPT-44202 information on the attached 
spreadsheet (see Attachment 1) contains the latest drywell logging efforts. 

9 L.S. Krogsrud

Investigate the below grade level of the encasements 

Status:  Completed.  See H-2-44511, Sheet 134, Area Map 200 West “T” 
Plant Facilities, H-2-42298, Piping Cascade Sluice Pit Plan + Sections 101 
Cascade, and H-2-42351, Piping Underground Process Plan + Sections 101 
Cascade.  Encasements are about 2 to 5 feet deep and the existing grade 
seems to go up some as you go from T-103 to T-101, while the encased 
piping sloped downward.  It is unlikely a leak from the encasement is a cause 
of the peak radioactivity detected in drywell 50-02-05 at 39.5-ft BGS. 

11 D.G. Harlow
Send T Farm Map to Steve Krogsrud 

Status: Completed (see Attachment 4) 

12 D.G. Harlow

Locate photos of tanks T-102 and T-105 and if photos exist locate where the 
Enraf meets the waste surface relative to liquid or solids.  

Status:  Completed.  The latest tank T-102 photos taken in 1989 show what 
looks like minor crusting at the very edges of the 19.9 in. liquid pool.  No 
floating material was seen. The Enraf detector is on the far end of the tank 
from the camera riser and is not visible.  The Enraf detector would probably 
be sensing a liquid surface in spite of the variability seen in the PCSACS liquid 
level plot. 

References: 

Briefings: 

Date Title 
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Correspondence - Emails: 

Date Title 

Correspondence - Letters: 

Number Title 

65611-86-210 
D. E. McKenney, “Stabilization of Tanks 102-T and 112-T,” Rockwell Hanford
Operation, Richland, WA, January 9, 1987
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Documents: 

Number Title 

GJ-HAN-116 
“Tank Summary Data Report for Tank T-102,” S. M. Stoller Corporation, 
1999 (mislabeled as GJ-HAN-89 on the S. M. Stoller Corporation website) 

HNF-EP-0182 Rev. 247 
M. J. Rodgers, “Waste Tank Summary Report for Month Ending
October 31, 2008,” Washington River Protection Solutions LLC, Richland,
WA, 2008

OSD-T-151-00031 
Rev. G-3 

D. A. Barnes, Operating Specifications for Tank Farm Leak Detection and
Single-Shell Tank Intrusion Detection, 2008, CH2M HILL Hanford Group,
Inc., Richland, WA

RPP-5556 Rev. 0 
J. G. Field, “Updated Drainable Interstitial liquid volume Estimates for 119 
Single-Shell Tanks Declared Stabilized,”  CH2M HILL Hanford Group, Inc., 
Richland, WA, 2000 (IDMS Accession #D8206268) 

RPP-13019 Rev. 0 
S. A. Barker, “Determination of Hanford Waste Tank Volumes,” 
CH2M HILL Hanford Group, Inc., Richland, WA,  2003 

RPP-RPT-28955 Rev. 0 

D. A. Myers, “Surface Geophysical Exploration of T Tank Farm at the
Hanford Site,” hydroGEOPHYSICS, Inc. and Columbia Energy &
Environmental Services, Inc., Richland, WA, 2006 (IDMS
Accession #NA02901732)

RPP-RPT-42844 Rev. 0 
D. Rucker and G. Noonan, “Reanalysis of Surface Geophysical Exploration
Resistivity Data for the 241-T Tank Farm,” Washington River Protection
Solutions, LLC, Richland, WA, 2009

WHC-MR-0132 Rev. 0 
J. D. Anderson, “A History of the 200 Area Tank Farms,” Westinghouse
Hanford Company, Richland, WA, 1990 (IDMS Accession #D196015712)

WHC-SD-WM-ER-320 
Rev. 0 

“Supporting Document for the Northwest Quadrant Historical Tank 
Content Estimate Report for T Tank Farm Vol I+II,” ICF Kaiser Hanford 
Company, Richland, WA, 1995 (IDMS Accession # NA04097019) 
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Drawings: 

Number Title 

H-2-1741 Sh. 1 Rev. 3 Tank Farm Riser & Nozzle Elev. (IDMS Accession #D2359655) 

H-2-44511, Sh. 134 Area Map 200 West “T” Plant Facilities 

H-2-42298 Piping Cascade Sluice Pit Plan + Sections 101 Cascade 

H-2-42351 Piping Underground Process Plan + Sections 101 Cascade 

C-4 (RPP-SPEC-33429
Rev. 0a)

TISB Grading and Drainage Plan 

Attachments: 

1. T Farm Drywell Information Table, August 2, 2012
2. T Farm Figures showing pertinent information, July 23, 2012
3. Preliminary T-101 through T-105 Liquid Level plots from 1/1/1997 to present
4. 241-T Farm map showing the location of the drywells, encasements, and piping
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ATTACHMENT 1 

T Farm Drywell Information Table, August 2, 2012 
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T Farm Drywell Information 

August 2, 2012 

Drywell 
Date 

Drilled 
First indication of radioactivity1 

1998/1999 Cs-137 peaks2 2008 Rebaseline and Relogging in 20093 

Concentration   BGS depth  2008 2009 

50-01-
02 

Jul-73 
Less than values from 09/1973 to 

08/1987 
0.2-1.43 pCi/g 0-26 ft N/A N/A 

50-00-
03 

Sep-44 
09/18/1973- 1,220 cps at 54-ft BGS 

declined to less than values by 
06/10/1977 

0.3-10.4 pCi/g 0-2.5 ft 

N/A N/A 0.2 pCi/g 38, 66, 99.5 ft 

0.2-0.7 pCi/g 128-139 ft 

50-01-
04 

Jul-73 
09/21/1973- 14,500 cps (GMP) from 

20-ft to bottom 

0-20.5 pCi/g 0.2-45 ft 

N/A N/A 

saturated 21-54, 58.5-67.5 ft 

high dead time 
53.5-58, 68-72, 
109.5-122.5 ft 

1,075-3,430 pCi/g 68-90 ft 

540-9,650 pCi/g 90.5-109 ft 

4,500-10,040 pCi/g 109.5-122.5 ft 

50-01-
06 

Aug-
73 

09/21/1973- 15 cps (GMP) at 53-ft 
BGS 

0.2-10 pCi/g 0-25 ft Cs-137 was not detected in 
the 2008 logged interval (35 to 

87.5 ft) 

Cs-137 detected continuously 
from 0 to 22.5 ft, 28 ft, and 73 
ft.  Max Cs-137 of 7.2 pCi/g at 

1 ft BGS 
07/25/1975- 5,933 cps at 55-ft BGS, 

new peak at 73-ft 
0.2 pCi/g 26-36 ft 

09/18/1973- 833 cps (SP) at 21-ft - 
Cascade line background    

0.2-4.4 pCi/g 0-8.5 ft Cs-137 detected at 35.5-34 ft, 
84.5 ft, and 91.5 ft with max. 

Cs-137 detected from 0-8.5 ft, 
13-27 ft, 33.5-34 ft, 35.5 and 
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50-01-
09 

Aug-
73 

04/23/1973- 10,200 cps at 20-ft, 95 
cps at 39-ft (New peak) 

0.2-318 pCi/g 12.5-27 ft concentration of 1.3 pCi/g at 
33.5 ft BGS 

76.5 ft with max. 
concentration of 316 pCi/g at 
21.5 ft BGS.  Increase of Cs-

137 from 258 pCi/g in 1998 to 
316 pCi/g in 2009 at 21.5 ft 

BGS 

1 pCi/g 34 ft 

50-01-
12 

Jul-73 
09/18/1973- 1950 cps at 32-ft BGS 

declined to less than values by 
05/30/1984 

0.15-0.45 pCi/g 0-6 ft N/A N/A 

Drywell 
Date 

Drilled 
First indication of radioactivity1 

1998/1999 Cs-137 peaks2 2008 Rebaseline and Relogging in 20093 

Concentration   BGS depth  2008 2009 

50-02-
02 

Feb-74 
01/22/1975- 45 cps at 83-ft BGS 
declined to less than values by 

06/16/1981 

0.6 pCi/g surface 
N/A N/A 

0.2 pCi/g 85 ft 

50-02-
05 

Mar-
74 

04/05/1974- 16 cps (GMP) at 36-ft 
BGS; 12/23/1974- 4,775 cps (SSP) at 

39-ft BGS, peak at 60-ft 

0.2-8 pCi/g 0-1.5 ft 

The combination of SGLS and HRLS data indicate substantial 
increases in Cs-137 since 1998 with the peak concentration of 

49,650 pCi/g at 39.5 ft BGS 

0.2-0.6 pCi/g 
25.5-35 ft, 44.5-53 

ft 

0.4-1,850 pCi/g 37-42.5 ft 

0.5 pCi/g 77 ft 

50-02-
08 

Jul-73 
09/21/1973- 40 cps (GMP) at 38-ft 

BGS 
0.2-0.5 pCi/g 0-2 ft 

Cs-137 detected intermittently 
from 41-48.5 ft BGS.  

Comparison to the 1998 Cs-
137 profile indicates no 

significant changes 

N/A 

Jul-73 0.15-0.6 pCi/g 0-12 ft Cs-137 detected at 39.5 ft, 
42.5 ft, and 48.5 ft.  Max. 

N/A 
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50-02-
09 

09/21/1973- 15 cps (GMP) at 39-ft 
BGS 

0.15-5 pCi/g 13-87.5 ft concentration of 0.4 pCi/g at 
42.5 ft BGS.  Changes in 
concentrations are not 

observed in the Cs-137 profile 
since 1998 due to decay below 

the MDL. 

5 pCi/g 24.5 ft 

50-02-
10 

Mar-
74 

02/20/1975- 36 cps at 83-ft BGS 
declined to less than values by 

06/16/1981 
0.2-0.5 pCi/g 0-26.5 ft N/A N/A 

50-00-
12 

Oct-44 Not available 
0.15-1.5 pCi/g 0-1 ft, 11-14.5 ft 

N/A N/A 
0.15-0.5 pCi/g 40-140 ft 

50-02-
12 

Feb-74 
07/25/1975- 45 cps at 84-ft BGS 
declined to less than values by 

06/16/1981 
1 pCi/g surface N/A N/A 

Drywell 
Date 

Drilled 
First indication of radioactivity1 

1998/1999 Cs-137 peaks2 2008 Rebaseline and Relogging in 20093 

Concentration   BGS depth  2008 2009 

50-03-
01 

Feb-74 
02/13/1975- 42 cps at 81-ft BGS 
declined to less than values by 

06/15/1981 
1.25 pCi/g surface N/A N/A 

50-03-
04 

Jul-73 
09/21/1973- 83 cps (GMP) at 36-ft 

BGS 

0.2-1 pCi/g 1-7 ft Cs-137 detected from 20-28 ft, 
30 ft, and 37-40.5 ft BGS.  
Max. concentration of 15 

pCi/g at 23 ft BGS.  Since 1998, 
possible increases in Cs-137 
from 25-30 ft are indicated. 

N/A 
0.2 pCi/g 16.5 ft 

> 15 pCi/g 20-24.5 ft 

1.5-3.5 pCi/g 37-39.5 ft 

Jul-73 1-3 pCi/g 1-2.5 ft N/A 
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50-03-
05 

09/21/1973- 16 cps (GMP) at 40-ft 
BGS 

< 0.3 pCi/g below 3 ft No Cs-137 detected.  No 
significant changes in Co-60, 
Eu-154, and Eu-152 profiles 

since 1998.  

Concentration 
slightly above the 

MDL 
29 ft 

50-03-
06 

Jan-75 04/02/1975- 552 cps at 75-ft BGS 0.2-7 pCi/g 
0-10 ft, 12-12.5 ft, 

97.5 ft 

No Cs-137 detected.  Increases 
in Co-60 concentrations from 
90-95 ft are indicated when 

compared to 1998 data.  

N/A 

50-03-
08 

Feb-74 
02/13/1975- 40 cps at 83-ft BGS 
declined to less than values by 

06/16/1981 
0-0.2 pCi/g 0.5-2 ft N/A N/A 

50-03-
10 

Feb-74 
02/20/1975- 39 cps at 88-ft BGS 
declined to less than values by 

06/16/1981 
0.43 pCi/g surface N/A N/A 

50-04-
03 

Feb-75 04/02/1975- 63 cps at 24-ft BGS 
10-150 pCi/g 0.5-11 ft 

N/A N/A 
1-11 pCi/g 11.5-17 ft 

Drywell 
Date 

Drilled 
First indication of radioactivity1 

1998/1999 Cs-137 peaks2 2008 Rebaseline and Relogging in 20093 

Concentration   BGS depth  2008 2009 

50-04-
10 

Mar-
74 

08/09/1974- 41 cps at 69-ft BGS 

0.2-1 pCi/g 
0-4 ft, 9.5-15.5 ft, 

17-19.5 ft Cs-137 detected at 73.5 ft and 
77-77.5 ft BGS.  Max. 

concentration of 0.3 pCi/g at 
77.5 ft BGS.  Possible increases 

in Co-60 from 67-72 ft when 
compared to 1998 data. 

Cs-137 detected at 0-3 ft, 10-
14.5 ft, and 77.5 ft with max. 
concentration of 8.6 pCi/g at 

0.5 ft BGS.   Possible increases 
in Co-60 from 67-72 ft when 

compared to 1998 data.  

10 pCi/g 0.5 ft 

0.2 pCi/g 
8 ft, 20.5 ft, 57.5 

ft, 77.5 ft 

R
PP-ASM

T-55500, R
ev. 0

A-77

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 172 of 628



MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #5 

50-05-
11 

Aug-
73 

09/18/1973- 600 cps at 59-ft BGS 0.2-2 pCi/g 0-3 ft 

"Cs-137, Co-60, Eu-154, and 
Eu-152 were detected at 

several isolated depths but 
inspection of the individual 
spectra indicates that these 

detections are statistical 
fluctuations and are not valid 

energy peaks." 

"The contamination profile 
has not substantially changed 

since 1998." 

50-06-
02 

Jul-73 
09/21/1973- 4580 cps (GMP) at 50-ft 

BGS, peak spread 40-65-ft BGS 

0.15-1 pCi/g 
0-12 ft, 15.5-18.5 

ft Cs-137 detected at 117.5 and 
122.5 ft BGS.  

"…concentrations appear to 
be unchanged from 1998, 

after accounting for decay." 

N/A Low Conc. Slightly 
above MDL 

25.5 ft, 29 ft, 
117.5-118 ft, 122-

122.5 ft 

3 pCi/g 1 ft 

50-06-
11 

Jul-73 
09/20/1973- 15 cps (GMP) at 35-ft 

BGS 
< 0.5 pCi/g 

surface, 0.5 ft, 
10.5 ft 

N/A N/A 

50-00-
10 

Oct-44 Not available Not available Not available N/A N/A 

1Referenced from  SD-WM-TI-356, Waste Storage Tank Status and Leak Detection Criteria 

2Referenced from Grand Junction Hanford Geophysical Logging Project, Vadose Zone Characterization Project at the Hanford Tank Farms, T Tank Farm 

3Referenced from RPP-RPT-44202, Rev. 0, Hanford Geophysical Logging Project Spectral Gamma Re-Baseline Logging for the T-Farm Surface Barrier 

Rebaselined in 2008.  No changes in Cs-137 profile since 
1998     

Source of Cs-137 contamination unknown     

No Rebaselining in 2008     
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50-01-04:  No rebaselining in 2008.  Earlier Cs-137 detected due to a leak from the spare inlets in T-101

50-01-09:  Increase in Cs-137 at 21.5 ft BGS from 1998 to 2009.  Cs-137 detected due to a leak from the T-101 cascade line

50-03-04:  Possible increase in Cs-137 at 25-30 ft from 1998 to 2008.  Cs-137 detected due to a leak from the spare inlets in T-103
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ATTACHMENT 2 

T Farm Figures showing pertinent information, July 23, 2012 
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ATTACHMENT 3 

Preliminary T-101 through T-105 Liquid Level plots from 1/1/1997 to present 
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ATTACHMENT 4 

241-T Farm map showing the location of the drywells, encasements, and piping 
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TO: Distribution BUILDING: 2750E/C213 

FROM: CL Girardot CHAIRMAN: DG Harlow 

DEPARTMENT-OPERATION-COMPONENT 

Engineering- Technical Integration 

AREA 

200-E

SHIFT DATE OF MEETING 

08/16/2012 

NUMBER 
ATTENDING 

7 

Distribution: 

TJ Barnes* 
JW Ficklin+ 

JG Field*+ 

JR Follett+ 

CL Girardot*+ 
DG Harlow*+ 

KJ Hull(+) 

LS Krogsrud*+ 

JM Johnson* 
RT Roxburgh 

DJ Washenfelder*+ 

*Attendees
Team Members+

Tank T-102 Background: 

On June 18, 2009 WRPS was officially notified of a > 10x increase of a pre-existing gamma ray peak in 
drywell 50-02-05.  Drywell 50-02-05 is located between tanks T-102 and T-105 below the edge of the 
T Farm surface barrier.  The increase was from 2,000 pCi/g to 49,650 pCi/g.  A team was formed and 
the formal leak assessment was started for tank T-102 in June 2009 and 3 Leak Assessment meetings 
took place plus an additional kick off meeting in 2009.  During these meetings, additional data were 
requested for drywell 50-02-05 which was then logged in 2009 and 2010.  A 6th leak assessment 
meeting August 16, 2012 was convened to continue the formal tank T-102 leak assessment. 
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Discussions: 

The action items from meeting #5 were discussed as follows: 

 

A table comparing relevant parameters for both tanks T-102 and T-105 was reviewed to try and 
identify differences that may have affected the tank liners.  It appeared that the most significant 
indirect differences were the non-compliant nitrite –nitrate ratio and the amount of drainable liquid 
found in the tank T-102 data.  The differences in all of the other parameters seem insignificant (see 
Attachment 1). 

 

The waste levels of tank T-102 and those tanks closest to tank T-102 were also reviewed to identify any 
significant decreases that might have affected drywell 50-02-05.  The calculated small size of the leak 
(50 gal to 500 gal) would probably not be able to be detected in drywell 50-02-05. 

 

Available resistivity information developed in 2006 and reanalyzed in 2009 was reviewed and didn’t 
indicate a leaking tank.  However the calculated size of the leak would not have been seen with 
resistivity measurements. 

 

The T farm Drywell Information spreadsheet was redesigned to differentiate the data from the 
separate monitoring periods (see Meeting Minutes #6).  A review of the drywells in the vicinity of tank 
T-102 from the first indication of radiation through the logging reported in the 1998-1999 Grand 
Junction Hanford Geophysical Logging project and to the 2008/2009 drywell rebase lining associated 
with the T Farm barrier installation indicated no other drywell changes that could be associated with 
the increases in drywell 50-02-05.  Drywell 50-02-05 appears to be an isolated contamination point 
with a very tight band near the level of the base of tanks T-102 and T-105.  

 

An overview of tank T-102 and surrounding tanks which identified relevant dates, tank contents, and 
surrounding drywells seemed to indicate that the radiation found in drywell 50-02-05 was an isolated 
event. 

 

Tank T-102 video was discussed and it was suggested that further detailed review be conducted 
(Action #13) to check for intrusions that may be masking a leak. 

 

The following hypotheses statements were discussed in the meeting: 

• Is the recent 50-02-05 drywell spike probably from a nearby tank leak 
• If the spike is from a nearby recent tank leak is the tank probably T-102 
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• If the spike is from a nearby recent tank leak and the tank is not T-102,  then it’s probably T-
105 

 

The above hybrid hypotheses approach was developed in an attempt to address this special case 
where a single parameter (drywell 50-02-05) which is almost directly between two tanks increased to a 
fairly low radiation level over a very thin vertical distance.  No other direct indicators (other drywells or 
liquid levels) have indicated any changes that could be attributed to a leak.  Scoring of the hypothesis 
statements was attempted to try and differentiate the known parameters amongst the leak 
assessment team members.  
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Team 
Member 

Is the recent 50-02-05 
drywell spike probably from 
a nearby tank leak 

If the spike is from a 
nearby recent tank leak is 
the tank probably T-102 

If the spike is from a 
nearby recent tank leak 
and the tank is not T-102,  
then it’s probably T-105 

Probability Reasoning Probability Reasoning Probability Reasoning 

Field 0.20-0.30 Stability of 
drywell 

0.30 Liquid 
surface 
readings 
argument 
that there is 
no change 

0.30 No liquid 
surface 

Girardot 0.50- 0.60 No other 
sensible 
choice 

0.35 More liquid 
available but 
not certain 
what Enraf is 
measuring 

0.30 Less liquid 
than T-102 

Harlow 0.45-0.55 Very little 
differentiation 

0.40 More liquid, 
waste had 
higher 
corrosion 
potential, LL 
is not a 
factor with 
calculated 
drywell 
waste 
volume 

0.10-0.20 Less 
drainable 
liquid, no 
supernatant, 
corrosion 
compliant 
waste 

Krogsrud 0.25 May not be 
from a leak 

0.30 Could be 
small volume 
leak hidden 
by Enraf  
measuremen
t variability, 
inconclusive 

0.3 Could be 
drainable 
from sludge 
so ENRAF on 
solids not 
conclusive 
either way 

Ficklin       
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Contrarian opinion and other thoughts: 

• Migration from another possible source (at the level of the undisturbed base of tank 
excavation) 

• Drywell reading errors or other drywell unknown anomalies 
• Soil affinity for 137Cs 
• Not much drilling history, early 106Ru, 103Ru 
• Very thin thickness of contaminated layer (normally spreads with distance from the source or 

could be sensing a section of nearby leak 
• Drywell 50-02-05 peak of ~5x104 pCi/g for comparison is much less than the tank C-105 leak of 

107 pCi/g 
• Could intrusion be offsetting a leak/  Recheck video for an intrusion (Action #13)  

 

The hypothesis exercise indicated that there was no direct information on the source of the 50-02-05 
spike and that the very little indirect information available could not conclusively point to a source of 
the contamination.  The team has therefore come to the conclusion that tanks T-102 and T-105 should 
remain in the Sound Tank classification until further information may become available from direct 
pushes in the area surrounding the 50-02-05 drywell.  

 
Next Meeting 

The next leak assessment meeting is TBD. 

 

Team Member Action Status: 
The information on the action item attachments listed below were discussed in the meeting as 
indicated above.  Action item #13 came out of the discussions. 
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Leak assessment actions from the July 19, 2012, July 26, 2012 and August 16, 2012 meetings are 
listed below: 

 

 Member Action 

1 
J.W. Ficklin 

L.S. Krogsrud 

Review T Farm Barrier inspection information and provide a field inspection 
of the barrier condition. 

Status:  Completed.  Inspection forms and observations indicated no seams or 
repair jobs in the T Farm surface barrier near tank T-102. 

2 
D. J. 

Washenfelder 

Provide available T Farm archived drywell data sheets and other archived 
T-Farm information.  

Status:  Completed.  No additional drywell data sheets were found or others 
archived. 

3 
T.J. Barnes 

C.L. Girardot 

Develop a comparison chart of the available tank T-102 drywell and liquid 
level information and the same for surrounding tanks with the exception of 
tank T-106. 

Status:  Completed.  See Attachments 1-2. 

4 
T.J. Barnes 

D.G. Harlow 

Review available tank T-102 photos and videos. 

Status:  Completed.  Completed review of T-102 video (01/31/2011) which did 
not reveal any additional information.  See Action #12 and #13below. 

5 D.G. Harlow 

Look for pertinent notations on Liquid Level charts that apply to tank T-102 
leak assessment. 

Status:  Completed.  Plotted liquid levels of tanks T-101 through T-105 (see 
Attachment 3).  Plotted liquid levels of T-102 from 1999 to 2008 and took out 
any data points that appeared to be anomalies (see Attachment 3). 

6 J.G. Field 

Review 1974 50-02-05 drywell data sheets. 

Status:  Completed.  Radioactivity reported in the 1974 drywell data sheets 
are gross gamma counts that would consist mostly of Ru-106 and some 137Cs.  
After a period of time, the decrease in radiation followed the 137Cs decay 
curve. 

7 J. G. Field 

Check resistivity readings in the barrier design report. 

Status:  Completed.  Received 2 documents, RPP-RPT-28955, Surface 
Geophysical Exploration of T Tank Farm at the Hanford Site, and 
RPP-RPT-42844, Reanalysis of Surface Geophysical Exploration Resistivity Data 
for the 241-T Tank Farm.  A determination of the source of the radiation in 
drywell 50-02-05 was not able to be determined from resistivity 
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measurements.  The small volume of affected soil and the relatively low level 
of radiation indicated a 50 to 500 gallon leak which probably did not add 
enough chemicals for resistance changes to be detected.  Leaks from 
tanks T-103 and T-106 leaks may also be an interfering factor. 
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8 J. G. Field 

Find any additional relogging of drywells surrounding T-102 after the 
2008/2009 rebaseline efforts. 

Status:  Completed.  RPP-RPT-44202 information on the attached spreadsheet 
(see Attachment 1) contains the latest drywell logging efforts. 

9 L.S. Krogsrud

Investigate the below grade level of the encasements 

Status:  Completed.  See H-2-44511, Sheet 134, Area Map 200 West “T” Plant 
Facilities, H-2-42298, Piping Cascade Sluice Pit Plan + Sections 101 Cascade, 
and H-2-42351, Piping Underground Process Plan + Sections 101 Cascade.  
Encasements are about 2 to 5 feet deep and the existing grade seems to go 
up some as you go from T-103 to T-101, while the encased piping sloped 
downward.  It is unlikely a leak from the encasement is a cause of the peak 
radioactivity detected in drywell 50-02-05 at 39.5-ft BGS. 

11 D.G. Harlow
Send T Farm Map to Steve Krogsrud 

Status: Completed (see Attachment 4) 

12 D.G. Harlow

Locate photos of tanks T-102 and T-105 and if photos exist locate where the 
Enraf meets the waste surface relative to liquid or solids.  

Status:  Completed.  The latest tank T-102 photos taken in 1989 show what 
looks like minor crusting at the very edges of the 19.9 in. liquid pool.  No 
floating material was seen. The Enraf detector is on the far end of the tank 
from the camera riser and is not visible.  The Enraf detector would probably 
be sensing a liquid surface in spite of the variability seen in the PCSACS liquid 
level plot. 

13 
C.L. Girardot

D.G. Harlow

Perform another more in depth-detailed review of the T-102 video 
(01/31/2011) with at least two people in attendance to check for any 
evidence of intrusion that may be masking a leak. 

References: 
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Correspondence - Letters: 

Number Title 

65611-86-210 
D. E. McKenney, “Stabilization of Tanks 102-T and 112-T,” Rockwell
Hanford Operation, Richland, WA, January 9, 1987

Documents: 

Number Title 

GJ-HAN-116 
“Tank Summary Data Report for Tank T-102,” S. M. Stoller Corporation, 
1999 (mislabeled as GJ-HAN-89 on the S. M. Stoller Corporation website)

HNF-EP-0182 Rev. 247 
M. J. Rodgers, “Waste Tank Summary Report for Month Ending
October 31, 2008,” Washington River Protection Solutions LLC, Richland,
WA, 2008

OSD-T-151-00031 
Rev. G-3 

D. A. Barnes, Operating Specifications for Tank Farm Leak Detection and
Single-Shell Tank Intrusion Detection, 2008, CH2M HILL Hanford Group,
Inc., Richland, WA

RPP-5556 Rev. 0 
J. G. Field, “Updated Drainable Interstitial liquid volume Estimates for 
119 Single-Shell Tanks Declared Stabilized,”  CH2M HILL Hanford Group, 
Inc., Richland, WA, 2000 (IDMS Accession #D8206268) 

RPP-13019 Rev. 0 
S. A. Barker, “Determination of Hanford Waste Tank Volumes,” CH2M HILL 
Hanford Group, Inc., Richland, WA,  2003 

RPP-RPT-28955 Rev. 0 

D. A. Myers, “Surface Geophysical Exploration of T Tank Farm at the
Hanford Site,” hydroGEOPHYSICS, Inc. and Columbia Energy &
Environmental Services, Inc., Richland, WA, 2006 (IDMS
Accession #NA02901732)

RPP-RPT-42844 Rev. 0 
D. Rucker and G. Noonan, “Reanalysis of Surface Geophysical Exploration
Resistivity Data for the 241-T Tank Farm,” Washington River Protection
Solutions, LLC, Richland, WA, 2009

WHC-MR-0132 Rev. 0 
J. D. Anderson, “A History of the 200 Area Tank Farms,” Westinghouse
Hanford Company, Richland, WA, 1990 (IDMS Accession #D196015712)

WHC-SD-WM-ER-320 
Rev. 0 

“Supporting Document for the Northwest Quadrant Historical Tank 
Content Estimate Report for T Tank Farm Vol I+II,” ICF Kaiser Hanford 
Company, Richland, WA, 1995 (IDMS Accession # NA04097019) 
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Drawings: 

Number Title 

H-2-1741 Sh. 1 Rev. 3 Tank Farm Riser & Nozzle Elev. (IDMS Accession #D2359655) 

H-2-44511, Sh. 134 Area Map 200 West “T” Plant Facilities 

H-2-42298 Piping Cascade Sluice Pit Plan + Sections 101 Cascade 

H-2-42351 Piping Underground Process Plan + Sections 101 Cascade 

C-4 (RPP-SPEC-33429
Rev. 0a)

TISB Grading and Drainage Plan 

Attachments: 

3. Tanks T-102 and T-105 Comparison Table and Operational History
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ATTACHMENT 1 
Tanks T-102 and T-105 Comparison Table and Operational History 
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Tanks T-102 and T-105 Comparison Table 

Tank T-102 Tank T-105 

Integrity Status Sound Sound 

Interim Stabilized (year) 1981 1987 

Current Waste Inventory (kgal) 32 98 

Supernatant (kgal) 13 0 

Sludge (kgal) 19 98 

Drainable Liquid Remaining (kgal) 16 5 

Distance from 50-02-05 to tank base 12.9 ft 10 ft 

Temperature (°C), 2008 17.8 16.6 

OH- (M) 0 1 

OH- (pH) 11.6 14 

NO2 (M) 0.5 1.18 

NO3 (M) 1.76 0.6 

Compliance Test (Ratio) 0.28 1.97 

Compliance Test (DST Limits) Not compliant Compliant 

Waste Types 
MW, CW, BL, IX, 

EB, RIX, R 
1C, CW, DW, BL, IX, 

2C, HLO 

Referenced from RPP-RPT-43116, Rev. 0, Expert Panel Report for Hanford Site Single-Shell Tank Integrity Project 

BL= B Plant Low Level 

CW= Cladding waste, included with 2C from 1945-50, and with 1C from 1951-56 

DW= decontamination waste 

EB= Evaporator bottoms 

HLO= Hanford Laboratory operations waste 

IX= Ion exchange waste 

MW= Metal waste from BiPO4 
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R= REDOX high level waste 

RIX= REDOX ion exchange 

1C= 1st cycle waste from BiPO4 process 

2C= 2nd cycle waste from BiPO4 process 
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T-102 Process History: 

• 2nd quarter 1945- First received metal waste from the bismuth phosphate process and 
was filled full by 1st quarter 1946 

• 2nd quarter 1953- T-102 emptied  
• 2nd quarter 1955- Received metal waste and was declared full by the end of that quarter 
• 2nd quarter 1956- 3rd quarter 1957- Received flush water from miscellaneous source, and 

most of the waste was sent to the uranium recovery process directly or through T-103 
• 4th quarter 1964 to 2nd quarter 1965- Received PUREX cladding waste from C-102 
• 3rd quarter 1969- Most of cladding waste sent to T-103 to be processed in the 

242-T Evaporator 
• 3rd quarter 1972- Received supernatant waste from T-101 
• 2nd quarter 1974- Most of supernatant waste sent to tank S-110 to be processed in 

242-S Evaporator 
• 1st and 2nd quarter 1976- Small amounts of supernatant waste sent to T-101 
• 3rd and 4th quarter 1978- Saltwell liquor sent to tank SY-102 and no additional transfers 

made since this time 
• T-102 declared inactive in 1976 
• Declared interim stabilized in March 1981 
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T-105 Process History

• 1946- First received 2C waste directly from T Plant (2C waste consisted of effluent
remaining after precipitation of plutonium product in the second decontamination cycle
of the BiPO4 process) and waste cascaded to T-106 from 1947 to the 1st quarter 1948

• 2nd quarter 1948- Most of the 2C supernatant transferred to the T-107 crib
• 2nd quarter 1948 to 1st quarter 1949- Received 1C waste from T-104 cascade (1C waste

consisted of by products co-precipitated from a plutonium-containing solution- high
concentration of bismuth and aluminum).  Coating waste from the removal of aluminum
fuel element cladding also added (comprised about 24% of the waste stream)

• 2nd quarter 1951 to 3rd quarter 1954- 1C waste cascaded from T-104 to T-105
• 1954- Pumped supernatant to a crib and in 4th quarter 1954 send supernatant to TX-118
• Cascade system not used after 1954
• 1955- Received cladding waste and was declared full by the end of 1956.  Flush water

also added during 1956
• 1965- Received supernatant from S-107
• 1967 to 1968- Supernatant was transferred to TX-118 to be processed in the

242-T Evaporator
• 1967- Received Hanford Site laboratory operations wastes
• 1968 and 1969- Received decontamination waste (wash solution from equipment

decontamination at T Plant composed of dilute sodium nitrite)
• 1973- Received liquid waste mixtures containing B Plant low-level waste and ion

exchange waste from other SSTs.  Supernatant, consisting of most of the tank’s volume,
was transferred to T-106

• 1974- Supernatant waste transferred to S-110
• 1976 and 1984- Small supernatant transfers from saltwell pumping to tanks T-101 and

AY-102
• 1976- T-105 declared inactivie
• Declared interim stabilized in June 1987
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DEPARTMENT-OPERATION-COMPONENT 

Engineering- Tank and Pipeline Integrity 

AREA 

200-E 

SHIFT 

      

DATE OF MEETING 

04/23/2014 

NUMBER 
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7 

Distribution: 

DG Baide*+ 
JG Field*+ 

CL Girardot*+ 

DG Harlow*+ 

KJ Hull*+ 
PJ Hurson+ 

JM Johnson 

JS Schofield*+ 

DJ Washenfelder*+    
              
*Attendees 

Team Members+ 

 
Tank T-102/T-105 Background: 

On June 18, 2009 WRPS was officially notified of a > 10x increase of a pre-existing gamma ray peak in 
drywell 50-02-05.  Drywell 50-02-05 is located between tanks T-102 and T-105 below the edge of the T 
Farm surface barrier.  The increase was from 2,000 pCi/g to 49,650 pCi/g.  The formal leak assessment 
was continued for tank T-102 in June 2009 and three Leak Assessment meetings took place plus an 
additional kick off meeting in 2009.  During these meetings, additional data were requested for drywell 
50-02-05 which was then logged in 2009 and 2010.  Three additional leak assessment meetings took 
place in July and August 2012 to continue the formal tank T-102 leak assessment.  At the end of these 
three meetings in August 2012, the team concluded that tanks T-102 and T-105 should remain 
classified as “Sound” until further information may become available.  These results were presented to 
the ESRB on March 24, 2014.  The Executive Safety Review Board (ESRB) recommended that additional 
logging of drywell 50-02-05 should be conducted due to the length of time that had passed since the 
last logging in September 2010. 
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Discussions: 
The ESRB recommended re-logging drywell 50-02-05 using Radionuclide Assessment System (RAS), and 
drywell 50-02-05 was logged with the small and medium RAS detector on April 9 and 10, 2014.  The T-
102/T-105 Leak Assessment team reconvened to discuss these results (see Attachment 1).  The 
presentation that was given to the ESRB on March 24, 2014 was handed out to meeting attendees and 
discussed in the meeting to provide background information since the last leak assessment meeting 
(see Attachment 2).   

The RAS April 2014 results from drywell 50-02-05 indicated that there has been a 20% increase in Cs-
137 concentrations (increase of ~ 10,000 cps) since the drywell was last logged in September 2010.  
The purpose of the meeting was to discuss what could account for this large increase in radioactivity 
and what should be the path forward. Tank T-102 has a liquid surface and evaluations performed 
indicated the decrease in liquid level of 30 to 40 gal/year could be attributed to evaporation.  Even if 
there was no evaporation and a leak was occurring from tank T-102, participants suggested that a 30 to 
40 gal/year leak would likely not account for the 20% increase in activity measured in drywell 50-02-05, 
particularly an increase in Cs-137, which is generally immobile in the soil except in high saline 
conditions.  RPP-RPT-55084, Hanford 241-T Farm Leak Inventory Assessment Report, shows that 
cesium recovery waste and cladding waste released in T farm contained 4 to 5 M sodium.  For large 
releases such as the 115,000 gal leak from tank T-106 and a 264,000 gal or more from the spare inlet 
overflow from tank T-101, this could result in more mobility of Cs-137 in the soil. 

Also discussed was the T Farm interim surface barrier (ISB) and if any recent walk downs have occurred 
of the barrier.  Document RPP-54796, Rev. 0, states that some minor deterioration was detected in the 
ISB in March and September 2010.  However, since 2010 significant tears and delamination have been 
found in the barrier near tank T-103.  In August 2011, a tear in a seam of the barrier was found near 
the southeast corner of tank T-103, in the barrier run-off path and close to drywell 50-05-11.  This tear 
was repaired in September 2012.  The RAS April 2014 data was discussed and requests by the team 
members were made to see the calibration data from 2010 and 2014. 

The team recommended that additional RAS logging should be performed in five drywells:  50-05-11, 
50-02-05, 50-01-09, 50-01-06, and 50-04-10.  This includes logging drywell 50-02-05 again to confirm 
the April 2014 reading.  Drywells 50-05-11, 50-01-09, 50-01-06, and 50-04-10 were logged using SGLS 
in 2009 and no evidence of migration was observed at that time.  Logging these drywells with RAS 
would help determine if anything has changed in these wells or if the changes in 50-02-05 could be the 
result of calibration differences and if the increase in drywell 50-02-05 is from migration of 
contaminants already in the soil or from more local source.  After RAS logging has been performed in 
these five drywells, the team will meet to discuss the results and provide recommendations on the 
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path forward.  S. M. Stoller has indicated that some of the change may be attributed to calibration 
differences, but the increase appears to be real and have recommended re-logging drywell 50-02-05 
using the High Rate Logging System (HRLS) and re-logging surrounding wells using the Spectral gamma 
Logging System (SGLS) (see Attachment 1). 
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Next Meeting 

The team will reconvene after RAS logging of drywells 50-05-11, 50-02-05, 50-01-09, 50-01-06, and 50-
04-10.  Dan Baide will get with Rob Gregory/Chuck Peoples to schedule re-logging of the wells. 

References:  Meeting Minutes #1 through #6 

Documents: 

Number Title 

RPP-54796, Rev. 0 Interim Surface Barrier Inspection and Maintenance FY2012 

Attachments: 

1. Drywell 50-02-05 RAS Results April 2014 and Comparison to 2010 Results

2. Leak Assessment Recommendation for Tanks 241-T-102 and 241-T-105, March 24, 2014
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ATTACHMENT 1 

Drywell 50-02-05 RAS Results April 2014 

and Comparison to 2010 Results 
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ATTACHMENT 2 

Leak Assessment Recommendation for Tanks 241-T-102 and 241-T-105 
Presentation To ESRB 

March 24, 2014 
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J.S. Schofield*
D.J. Washenfelder

*Attendees

Review of April 23, 2014 Meeting Minutes 

Meeting participants reviewed the previous meeting minutes as background for the meeting 
discussion.  There were no suggested changes to the meeting minutes.  The actions recommended in 
the previous meeting were completed.  The action were to re-log drywell 50-02-05 using the Radiation 
Assessment System (RAS) to confirm increased gamma readings from the April 10 RAS log and to re-log 
drywells 50-05-11, 50-01-09, 50-01-06, and 50-04-10.  The drywells were re-logged on June 9 and 10.  
The June logging results confirmed the gamma increases in drywell 50-02-05 and showed little or no 
change from the 2009 SGLS readings in any of the surrounding drywells.    

Meeting Purpose: 

The purpose of the July 15 integrity assessment meeting was to review and discuss the drywell logging 
results and determine a path forward for the T-102 and T-105 tank integrity investigations.  
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Discussions: 

A power point presentation and discussion of the drywell logging results was given by R. McCain of S. 
M. Stoller (Attachment 1).  In addition to presenting results, methods for comparing the results and
calibrating equipment were discussed.  As discussed, the results clearly indicate a localized, but
significant increase of about 8% in the gamma activity at drywell 50-02-05; with Cs-137 decay an 8%
decrease in the gamma activity level was expected.  The 2009 High Rate Logging System (HRLS) log
showed that the gamma activity was from Cs-137.  Soil moisture data may be useful to understand the
source of contamination, but soil moisture data can’t  be obtained from the existing drywells because
the drywells have a double casing with grout between the casings (Webster completion well).  Neutron
measurements in the drywells would measure the moisture in the grout and not the soil.  It was
suggested that if the grout has decayed or broken down due to casing corrosion that neutron probe
measurements may detect an anomaly.

S. M. Stoller recommended HRLS measurements be repeated for drywell 50-02-05 as they are more
accurate than RAS and will further help to confirm RAS readings.  Also discussed were direct pushes to
obtain moisture measurements and soil sample data and installing electron probes in direct push holes
for more comprehensive soil resistivity evaluations.

The source of the original gamma activity and increased gamma activity in drywell 50-02-05 remains 
unknown.  However, because the gamma activity has continued to increase since 2010, meeting 
participants concurred that previous recommendations for tanks T-102 and T-105 to remain 
designated as sound, need to be further investigated.  It was noted that there is still little or no 
apparent decrease in the supernatant liquid level for tank T-102, indicating that if T-102 is leaking it is a 
very slow leak.  Tank T-105 contains more waste, but does not have a liquid level.  Based on results for 
the surrounding drywells showing little or no change in gamma activity, there is no apparent evidence 
of migration of past leaks toward 50-02-05.  It was noted that leaks from transfer lines and 
encasements near drywell 50-02-05 may be the source of contamination.  Spare inlet overflows from 
tank T-101 (estimated as high as 200,000 gal) are another possibility.  Although there is no apparent 
migration from spare inlet releases on the South east side of tank T-101, based on RAS and Spectral 
Gamma Logging System (SGLS) measurements for drywell 50-01-04; spare inlet or pipe releases from 
the South West side of the tank may not have been observed as there are no other nearby drywells at 
this location. 

Another suggestion was to accelerate plans to install an exhauster in Tank T-102 to evaporate the 
liquid level and dry out the tank as much as possible.  If tank T-102 is leaking, this may mitigate future 
leaks. 

Participants recommended that the previous action plan (WRPS-0901156, Drywell 50-02-05 
Investigation Plan) be reviewed and that a revised action plan be developed for further investigations 
and to obtain additional data for the integrity assessment.  The action plan should be developed 
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primarily by the Closure and Corrective actions group with input from the Tank and Pipeline Integrity 
group.  A meeting will be set up between managers and selected personnel from the two groups to 
develop the action plan. 

Actions considered may include: 

1. Continue Quarterly monitoring of 50-02-05, using RAS,
2. Re-logging 50-02-05 using SGLS,
3. Logging 50-02-05 using manual neutron probe and/or NMLS to measure soil moisture content,
4. Direct Push logging and/or sampling at selected locations, and
5. Install exhauster to evaporate supernatant and dry out tank T-102as much as possible.

Next Meeting 

The tank T-102 and T-105 integrity assessment report and further integrity assessment for tanks T-102 
and T-105 will be on hold until the action plan is prepared and completed as directed by management.  
An interim report documenting evaluations and decisions to date was considered and will be discussed 
with management.  Following the assessment meeting, a decision was made to close PER 2012-0806 
and the final action completed in June 2014 to re-log drywells using the RAS and to prepare a new PER 
with recommendations for a revised action plan.   

Attachments: 

1. June 9 and 10, Logging Results for Drywells 50-02-05, 50-05-11, 50-01-09, 50-01-06, and 50-04-
10. Presentation by S. M. Stoller
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Attachment #1 

June 9 and 10, Logging Results for Drywells 50-02-05, 50-05-11, 

50-01-09, 50-01-06, and 50-04-10. 

Presentation by S. M. Stoller 
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†Panel members 
*Attendees

Meeting Purpose: 

The purpose of the meeting was to review the T-102 and T-105 leak assessment status and 
information, identify panel members, and move forward with the assessments.  

Discussions: 
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The meeting began with a safety topic by John Schofield. Ruben Mendoza then began introductions 
around the room. Don Harlow presented a PowerPoint to summarize the current status of T-102 and 
T-105 and discuss the path forward (Attachment 1). 

The target completion date for the T-102 and T-105 leak assessments is September 30, 2017. The 
current plan is to release separate assessment reports for T-102 and T-105, but the assessments will 
be worked in parallel. Previous meeting minutes from Meetings 1-8 and other relevant information 
will be provided to panel members via disc and is also available on the ETIG sharedrive. The current 
path forward is to review the leak assessment history, identify necessary additional information, 
develop a hypothesis, assess the leak probability, and prepare the report.  

The new information since Meeting 8 is from emails, a visual inspection of T-102, and a draft Enraf 
analysis for T-102. Emails are located on the sharedrive. The visual inspection of T-102 took place in 
2014. The Enraf was sitting on liquid (~1.5 in. deep), but it was discovered that the Enraf internals 
needed replacement. The Enraf was replaced about six months after the video, and surface level data 
was collected for about a year after that. The Enraf showed a steady level with no decrease.  

It is still suggested that at a minimum the following five existing drywells near T-102 be logged (RAS): 

1. 50-05-11
2. 50-02-05
3. 50-04-10
4. 50-01-09
5. 50-01-06

Drywell 50-02-05 (between T-102 and T-105) showed an increase in Cs-137 activity from 1998 to 2010. 
In 2014, again there was another ~20% increase. There was some additional discussion on the 
quarterly moisture logging under the T farm barrier and if that could tell us anything. Harold Sydnor 
and Jim Field would look into that data. 

Additional discussion was centered around a few questions/topics. One key question: Is no change in 
the Enraf sufficient to call T-102 not a leaker? Second key question: Will total gamma (RAS) of the 
existing drywells be sufficient ex-tank evidence, or will direct pushes be necessary to make a 
conclusion? 

Actions: 
1. Look at SGE under the T farm barrier a little closer (Harold Sydnor and Jim Field)
2. Get drywell data—RAS (Mark Garrett)
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3. Homework for all panel members
a. Review minutes from previous meetings
b. Read John Schofield’s T-102 Enraf write-up draft
c. Review TFC-CHEM-D-42 Process Guidelines and Tank Leak Probability Calculation

Methodology (Attachment 2)
d. Review drywell logging data in the ETIG sharedrive

Next Meeting 

The next meeting will be in approximately 2 weeks on July 6th. A meeting invite will be sent. This 
meeting will address any additional questions and make assignments for updating the leak assessment 
reports. 
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Attachment #1 

Leak Assessment for Tanks 241-T-102 and 241-T-105 

Presentation D.G. Harlow 
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Attachment #2 

Tank Leak Probability Calculation Methodology 

(HNF-3747 simplified calculation) 
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TO: Distribution BUILDING: 2620Fermi/C200 

FROM: AJ Kim CHAIRMAN: RE Mendoza 

DEPARTMENT-OPERATION-COMPONENT 

Engineering- Tank and Pipeline Integrity 

AREA 

RCHN 

SHIFT DATE OF MEETING 

07/06/2017 

NUMBER ATTENDING 

12 

Distribution: 

JG Field†* 

MS Garrett† 

MJ Haass†* 
DG Harlow†* 

JM Johnson (ORP) 

AJ Kim* 

JD Larson* 
RE Mendoza (Chairman)†* 

AD Pappas* 

GE Reeploeg* 

JS Schofield† 
DM Stewart (ORP) 

HA Sydnor†* 

TJ Venetz†* 

JA Voogd†* 
DJ Washenfelder†* 

†Panel members 

*Attendees

Meeting Purpose: 

The purpose of the meeting was to review the vadose zone information, status drywell logging, and 
assign additional actions necessary for updating the leak assessment reports of T-102 and T-105. The 
agenda is included as Attachment 1. 

Discussions: 
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The meeting began with a safety topic by Ted Venetz. Harold Sydnor briefed the panel on the T-Farm 
Barrier (Attachment 2). The monitoring nests TC and TD are located under the barrier, nest TB is 
located directly adjacent to the NW side of barrier, and nest TA is located away from the barrier in the 
NW side of the tank farm. There was additional discussion that there is not much moisture under the 
barrier (~2-8% water content) and that, in general, capacitance probes are unreliable. The question 
was raised regarding the gradient of water flow and whether that would allow water from the pond to 
move back to soil surrounding the tanks. The general consensus was that the pond water would 
generally flow straight down and not flow back south toward T farm. Mark Garrett was unable to 
attend the meeting. The report from Ruben Mendoza was that Mark is trying to get drywell data this 
year (FY17). It was mentioned that there was additional logging data from the direct pushes associated 
with the RCRA Phase 1 activities. Harold will look into this data. 

Actions from Meeting #9 are included below, along with additional action items determined from 
Meeting #10. 

Action Number Assigned Member Action 

1 HA Sydnor and JG Field 

Look at SGE under the T farm barrier closer and provide 
an update 

Status: Completed in Meeting #10 (July 6th, 2017) 

2 MA Garrett 

Obtain RAS drywell data 

Status: In progress 

Targeted Completion: 7/19/2017 

3 All panel members 

Review minutes from previous meetings. 

Read John Schofield’s T-102 write-up draft 

Review TFC-CHEM-D-42 Process Guidelines and Tank 
Leak Probability Calculation Methodology (Attachment 2 
from Meeting #9 minutes). 

Review drywell logging data in the ETIG sharedrive. 

Status: In progress 

Targeted Completion: 7/19/2017 
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4 All panel members 

Review draft report RPP-ASMT-55500 July 2013 for 
background information located in the T-102 and T-105 
ETIG Older Information folder here. 

Status: Assigned 

Targeted Completion: 7/19/2017 

5 JG Field 

Assemble the 50-02-05 detail plots that over time record 
the gamma activity for each detector. 

Present a summary to the panel. 

Status: Assigned 

Targeted Completion: 7/19/2017 

6 JS Schofield 

Update the T-102 Enraf draft report with most recent 
data. This report will be included as an appendix in the 
leak assessment report. 

Status: Assigned 

Targeted Completion: 7/19/2017 

7 
JG Field, HA Sydnor, AD 

Pappas 

Review existing tank leak plumes, liquid flow in T farm, 
barrier runoff infiltration area, nearby cribs and trenches, 
recharge locations, water level declines affecting 
gradients, and other leak events and migration for 
significance in this assessment. 

Status: Assigned 

Targeted Completion: 7/19/2017 

8 AJ Kim and JS Schofield 

Investigate extent of tank T-105 liquid pools and 
compare with 1980, 1983, and 1987 photos. 

Status: Assigned 

Targeted Completion: 7/19/2017 

Action Number Assigned Member Action 

9 JG Field 

Investigate the possible use of an acoustic probe to 
detect drywell wall thinning that may have influenced 
the increase of drywell 50-02-05 Cs-137. 

Status: Assigned 

Targeted Completion: 7/19/2017 
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Next Meeting 

The next meeting will be on July 19th. A meeting invite will be sent. This meeting will address any 
additional questions, review action items, and begin the probability determinations. 

RPP-ASMT-55500, Rev. 0

A-190

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 285 of 628



MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #10 

Attachment #1 

Meeting Agenda 
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Attachment #2 

T-Farm Barrier Information 
Presentation by Harold Sydnor 
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Engineering- Tank and Pipeline Integrity 

AREA 
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Distribution: 
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Meeting Purpose: 

The purpose of this meeting was to address questions, review actions from the previous meeting, and 
begin the probability determinations. The agenda is included as Attachment 1. 

Discussions: 
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Don Harlow began the meeting. Mark Garrett was absent, but Ruben Mendoza relayed Mark’s 
message that there were no technical or hardware issues with getting drywell data but funding still 
needed to be obtained to get new data.  

The updated draft report RPP-ASMT-55500 will be put in the “New Information” folder on the etig 
sharedrive. John Schofield has also added the updated level data to the report. Disregard the current 
RPP-ASMT-55500 conclusions, as they will be changed based on Panel input.  

Jim Field briefed the panel on 50-02-05 drywell data and associated plots (Attachment 2). Helpful notes 
about Jim Field’s slides: 

1. Slide 2: Europium (green points) indicates the location is close to the source of discharge.
2. Slide 5: The contamination has been present since the well was drilled in 1974.
3. Slide 20: Answers the question about additional boreholes and direct pushes (related to RCRA)

that may provide data for T-102/T-105; however, the data does not provide any insight for T-
102/T-105.

4. Slides 27-29: Answers the question about liquid discharged to the ground and how it moves
through the ground.

John Schofield reviewed the additional level data that was added to the draft RPP-ASMT-55500 report. 
The T-102 Enraf is on liquid, and the level shows the tank is not leaking. The T-105 Enraf is on solid, so 
interpretation of the liquid present on the surface cannot be made without a video. The T-105 video is 
scheduled to be performed in the next two weeks. 

Amie Kim reviewed old T-105 photos from the 1980s that show some liquid present on the surface 
(Attachment 3). An increase in surface liquid can be seem from 1980 to 1987. At interim stabilization in 
1987, the surface liquid was estimated at 413 gallons. No estimation of current surface liquid can be 
made until the in-tank video is performed. 

Jim Field discussed the possibility of corrosion of the drywells causing changes in results. There have 
been instances of corroded wells in A farm. Jim mentioned that Stoller doesn’t currently have an 
acoustic probe available. Another company, like Schlumberger, might have something we could use. 

Possible hypotheses were proposed by Don Harlow (see Attachment 1). 
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The next meeting will be scheduled after the T-105 in-tank video, optimistically in about two weeks. 

Action Number Assigned Member Action 

1 HA Sydnor and JG Field 

Look at SGE under the T farm barrier closer and provide 
an update 

Status: Completed in Meeting #10 (July 6th, 2017) 

2 MA Garrett 

Obtain RAS drywell data 

Status: In progress 

Targeted Completion: 8/3/2017 

3 All panel members 

Review minutes from previous meetings. 

Read John Schofield’s T-102 write-up draft 

Review TFC-CHEM-D-42 Process Guidelines and Tank 
Leak Probability Calculation Methodology (Attachment 2 
from Meeting #9 minutes). 

Review drywell logging data in the ETIG sharedrive. 

Status: In progress 

Targeted Completion: 8/3/2017 

4 All panel members 

Review draft report RPP-ASMT-55500 July 2013 for 
background information located in the T-102 and T-105 
ETIG Older Information folder here. 

Status: In progress 

Targeted Completion: 8/3/2017 

5 JG Field 

Assemble the 50-02-05 detail plots that over time record 
the gamma activity for each detector. 

Present a summary to the panel. 

Status: Completed: 7/19/2017 (Attachment 2) 

6 JS Schofield 

Update the T-102 Enraf draft report with most recent 
data. This report will be included as an appendix in the 
leak assessment report. 

Status: Completed: 7/19/2017 
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7 
JG Field, HA Sydnor, AD 

Pappas 

Review existing tank leak plumes, liquid flow in T farm, 
barrier runoff infiltration area, nearby cribs and trenches, 
recharge locations, water level declines affecting 
gradients, and other leak events and migration for 
significance in this assessment. 

Status: Completed: 7/19/2017 (Attachment 2) 

8 AJ Kim and JS Schofield 

Investigate extent of tank T-105 liquid pools and 
compare with 1980, 1983, and 1987 photos. 

Status: Completed: 7/19/2017 (Attachment 3) 

9 JG Field 

Investigate the possible use of an acoustic probe to 
detect drywell wall thinning that may have influenced 
the increase of drywell 50-02-05 Cs-137.  

Contact Stoller or other logging company about using an 
acoustic probe. 

Status: In progress 

Targeted Completion: 8/3/2017 

10 JD Larson 

Complete a form that summarizes all important 
information related to the T-102/T-105 leak assessment. 

Status: Assigned 

Targeted Completion: 8/3/2017 

11 DG Harlow 

Create a reading list of reports and information 
summaries for Panel members. 

Status: Assigned 

Targeted Completion: 7/26/2017 
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Attachment #1 

Meeting Agenda 
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T-102 and T-105 D-42 Leak Assessment 

Agenda Meeting # 11  

Approve Meeting Minutes from Meeting #10 

Mark Garret report on progress logging the five existing drywells near T-102 

• 50-01-06, 50-01-09, 50-02-05, 50-04-10, and 50-04-11 
• Funding  
• Timing-schedule 

o Logging 
o Reporting results 

Actions from Meeting #10  (comments – questions – discussion)    

• Review Draft Report RPP-ASMT-55500 July 2013 for the background. Added to 
the T-102 and T-105 Older Information-Meeting 1Through 8, file folder.  This 
draft is not up to date but has some good background information on tanks T-102 
and T-105 plus surrounding tanks and drywells.  Disregard conclusions in the 
report. 

• Assemble the 50-02-05 detail plots that overtime records the detector gamma 
activity in for each of the detectors.  Present a summary of the existing plots to 
the panel. Jim Field 

• Update the T-102 Enraf draft report for inclusion in the in-tank section of the leak 
assessment report, (quarterly readings since 1st draft).  Be prepared to include the 
full T-102 Enraf report as an appendix.  John Schofield 

• Existing tank leak plumes, liquid flow in T Farm, barrier runoff infiltration area, 
nearby cribs and trenches, recharge locations, water level decline affecting 
gradient, other leak events and migration.  Jim Field  

• Investigate tank T-105 liquid pools and compare 1980, 1983, and 1987 photos.  
Interim stabilized 1987, calculated 413 gallons supernatant.  Amie Kim 

o Discuss the need for a tank T-105 LOW in light of the photo discussion 
and  taking into account installation and projected time for meaningful 
information. Panel members 

• Investigate  the possible use of an acoustic probe to detect drywell wall thinning 
that may have influenced the increase of drywell 50-02-05 Cs137. Jim Field 
(Added after the meeting).  
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• Develop preliminary leak and no leak hypothesis.  Panel members

List and assign further actions to support updating the leak assessment report 

POTENTIAL T-102/T-105 LEAK HYPOHTESIS 

A 

• Is the 50-02-05 drywell increase from a nearby tank leak?
• If the increase is from a nearby tank leak, is the tank T-102?
• If the spike is from a nearby tank leak, is the tank T-105?

B 

• The increased activity in the 50-02-05 drywell was caused by a leak from tank T-102
• The increased activity in the 50-02-05 drywell was caused by a leak from tank T-105
• The increased activity in the 50-02-05 drywell was caused by a source other than tank

T-102 or tank T-105

C 

• The increased activity in the 50-02-05 drywell was caused by a leak from tank T-102
• The increased activity in the 50-02-05 drywell was caused by a source other than tank

T-102

• The increased activity in the 50-02-05 drywell was caused by a leak from tank T-105
• The increased activity in the 50-02-05 drywell was caused by a source other than tank

T-105
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Attachment #2 

Drywell 50-02-05 Data 
Presented by Jim Field 
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T-105 Waste Surface Photo Comparison
Presented by Amie Kim 

RPP-ASMT-55500, Rev. 0

A-235

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 330 of 628



MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #11 

RPP-ASMT-55500, Rev. 0

A-236

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 331 of 628



Leak Assessment Meeting #12 

RPP-ASMT-55500, Rev. 0

A-237

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 332 of 628



MEETING MINUTES 
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TO: Distribution BUILDING: 2620Fermi/A110 

FROM: AJ Kim CHAIRMAN: RE Mendoza 

DEPARTMENT-OPERATION-COMPONENT 

Engineering Tank and Pipeline Integrity 

AREA 

RCHN 

SHIFT DATE OF MEETING 

08/02/2017 

NUMBER ATTENDING 

13 

Distribution: 

JG Field†* 

MS Garrett†* 

MJ Haass† 
DG Harlow†* 

JM Johnson (ORP) 

AJ Kim* 

JD Larson* 
RE Mendoza (Chairman)†* 

AD Pappas* 

GE Reeploeg* 

JS Schofield†* 
DM Stewart (ORP) * 

HA Sydnor†* 

TJ Venetz†* 

JA Voogd† 
DJ Washenfelder†* 

†T-102/T-105 Leak Assessment Panel (Panel) members 

*Attendees

Meeting Purpose: 

The purpose of this meeting was to update the Panel on drywell logging progress, review the T-102 
plummet information, discuss historical tank levels, and discuss data summaries and next steps in the 
CHEM-D-42 process. The agenda is included as Attachment 1. 

Discussions: 
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Don Harlow began the meeting. There were no additional comments on the minutes from the 

T-102 Leak Assessment Meeting 11, so the minutes are considered final.

Don updated the Panel on progress related to drywell logging. He stated that the five drywells in the 
vicinity of T-102 that were originally planned for logging have been reduced to four due to time and 
cost. Drywell 50-04-10 was chosen to be removed from the list due to its location. 

John Schofield presented video screenshots to describe how the liquid depth was measured during the 
2014 T-102 video. Five tests were conducted with the Enraf plummet during the video. In each test, the 
starting Enraf plummet reading was recorded. Then, the plummet was lowered below the liquid 
surface to measure the depth. The Enraf was stopped once the plummet began to tilt. The liquid depth 
was measured to be about 1.5 inches. See Attachment 2. 

John Schofield then present level data from T-102 and T-105 between 1945 and 1981. The 
contamination around drywell 50-02-05 was present before drywell installation in 1974, so if a leak 
occurred from T-102 or T-105, it might be observed during stagnant periods in the tanks’ histories 
before 1974. T-102 had a quiescent period from early 1970 to mid-1972 and two more between mid-
1974 and 1981. T-105 had a quiescent period from 1970 to 1973 and another from mid-1974 to 1981. 
None of the quiescent periods in either tanks showed any indication of the tank leaking. It was 
observed in that the liquid levels in both tanks exceeded the overflow outlets for a significant time 
between the late 40s to the late 60s, and thus may have covered the spare inlet nozzles as well. See 
Attachment 3. 

Joel Larson presented the in-tank and ex-tank summary data forms for T-102. See Attachment 4. These 
are forms summarize information that was already discussed in previous meetings. It was noted that 
drywell 50-00-12 was installed in the 1950s-1960s. 

Don Harlow then discussed T Farm and Tank T-102 Highlights (Attachment 5). 

Dennis Washenfelder described the methodology for the tank leak probability calculation (Attachment 
6). It’s important to recognize that the methodology may seem counterintuitive to some. One must 
think about leak assessment as a question such as “If the tank is leaking, what is the probability that 
the evidence I see would be present?” 
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Don Harlow then discussed the current leak and no leak hypotheses (included in the agenda). One will 
notice that the hypotheses have shrunk to just two sets and have focused on the 50-02-05 drywell 
increase between 2000 and 2014. The Panel discussed the need for addressing the gamma level in 
drywell 50-02-05 when the well was drilled in 1974; however, the liquid level presented for that time 
period before the well was drilled indicates that there was no detectable decrease in liquid level of 
either tank. The Panel agreed there was no point to address the gamma found in 1974 when the well 
was drilled as there are no other indicators to review including no known Occurrence Report of the 
anomaly. 

The next meeting will take place in two weeks. 

Action Items: 

Action Number Assigned Member Action 

1 HA Sydnor and JG Field 

Look at SGE under the T farm barrier closer and provide 
an update 

Status: Completed in Meeting #10 (July 6th, 2017) 

2 MA Garrett 

Obtain RAS drywell data 

Status: In progress 

Targeted Completion: 8/17/2017 

3 All panel members 

Review minutes from previous meetings. 

Read John Schofield’s T-102 write-up draft 

Review TFC-CHEM-D-42 Process Guidelines and Tank 
Leak Probability Calculation Methodology (Attachment 2 
from Meeting #9 minutes). 

Review drywell logging data in the ETIG sharedrive. 

Status: In progress 

Targeted Completion: 8/17/2017 
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4 All panel members 

Review draft report RPP-ASMT-55500 July 2013 for 
background information located in the T-102 and T-105 
ETIG Older Information folder here. 

Status: In progress 

Targeted Completion: 8/17/2017 

5 JG Field 

Assemble the 50-02-05 detail plots that over time record 
the gamma activity for each detector. 

Present a summary to the panel. 

Status: Completed in Meeting #11 (7/19/2017) 

6 JS Schofield 

Update the T-102 Enraf draft appendix with most recent 
data. 

Status: Completed in Meeting #11 (7/19/2017) 

7 
JG Field, HA Sydnor, AD 

Pappas 

Review existing tank leak plumes, liquid flow in T farm, 
barrier runoff infiltration area, nearby cribs and trenches, 
recharge locations, water level declines affecting 
gradients, and other leak events and migration for 
significance in this assessment. 

Status: Completed in Meeting #11 (7/19/2017) 

8 AJ Kim and JS Schofield 

Investigate extent of tank T-105 liquid pools and 
compare with 1980, 1983, and 1987 photos. 

Status: Completed in Meeting #11 (7/19/2017) 

9 JG Field 

Investigate the possible use of an acoustic probe to 
detect 

drywell wall thinning that may have influenced the 
increase of drywell 50-02-05 Cs-137. 

Contact Stoller or other logging company about using an 
acoustic probe. 

Status: Acoustic probes are available; however these 
probes do not appear to be useful for drywell 
application. Completed in Meeting #11 (7/19/2017). 

10 JD Larson 

Complete a form that summarizes all important 
information related to the T-102/T-105 leak assessment. 

Status: Completed 8/3/2017 (Attachment XX) 
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11 DG Harlow 

Create a reading list of reports and information 
summaries for Panel members. 

Status: Completed by email on 7/27/2017 

12 RE Mendoza 

Determine if there is an environmental driver related to 
leaking tanks that would give CHEM-D-42s and the 
associated work scope higher priority. 

Status: Assigned 

Targeted Completion: 8/17/2017 

13 RE Mendoza 

Add T-102/T-105 Leak Assessment to the ESRB agenda 

Status: Assigned 

Targeted Completion: 8/17/2017 
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Attachment #1 

Meeting Agenda 
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T-102 and T-105 D-42 Leak Assessment 

Agenda Meeting # 12 
 

Approve Meeting Minutes from Meeting #11  
 
Progress logging the five four existing drywells near T-102  
 
 • 50-01-06, 50-01-09, 50-02-05, 50-04-10, and 50-04-11  
   o 50-04-10 not predicted in vadose zone tank leak flow path, west-south west  
 
 • Timing-schedule  
       o First drywell logging August 1, 2017  
   o Reporting results  
 
Actions from Meeting #11 (comments – questions – discussion)  
 
 • Review video of the tank T-102 plummet tests. John Schofield  
 • LL data before 1974. John Schofield  
 • Tank T-102 in-tank and ex-tank data form. Joel Larson  
 • T Farm and Tank T-102 Highlights. Don Harlow  
 • Describe Tank Leak Probability Calculation Methodology. Dennis Washenfelder  
 • Continue development of preliminary leak and no leak hypothesis. Panel members  
 
List and assign further actions to support updating the leak assessment report  
 
 • Analyze pre 1974 tank T-102 and T-105 LL  
 • Tank T-105 video  
 • Precipitation 1998 to 2008 
 
POTENTIAL T-102/T-105 LEAK HYPOHTESIS  
 
 • The increased activity in drywell 50-02-05 between 200 and 2014 was caused by a leak from tank T-
102  
 • The increased activity in drywell 50-02-05 between 200 and 2014 was caused by a source other than 
tank T-102 
  
 • The increased activity in drywell 50-02-05 between 200 and 2014 was caused by a leak from tank T-
105  
 • The increased activity in drywell 50-02-05 between 200 and 2014 was caused by a source other than 
tank T-105  
 
Discuss the potential need to consider hypothesis for the cause of the contamination found in drywell 
50-02-05 when it was drilled in 1974? 

RPP-ASMT-55500, Rev. 0

A-244

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 339 of 628



MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #12 

Attachment #2 

T-102 plummet info
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Information passed out during T-102 leak assessment Meeting #12 on 8/2/2017 

The next two pages are pages 3-103 and 3-104 from RPP-RPT-58239 explaining the T-102 Enraf 
plummet tests and the data. 

The primary purpose of the video was to see if there was sufficient liquid under the Enraf plummet so it 
would float.   

Five tests were done with the Enraf plummet while being videoed.  Each test consisted of: 

• Recording a starting Enraf plummet reading
• Lowering the plummet below the liquid surface while observing it with the camera
• Halting the plummet lowering immediately when the plummet began to tilt, indicating the

plummet was no longer floating.

Following the first test, the plummet was raised slowly so that the tilt was just eliminated but the 
plummet had not yet been raised to where it was floating on the liquid surface.  A reading was then 
obtained.  The difference between the tilted and just straightened reading was assumed to represent an 
average tilted plummet level error for all five tests.  This data is summarized below. 
Tank T-102 Enraf Plummet Readings during September 23, 2014 Video 

Test 1 Test 2 Test 3 Test 4 Test 5 

Start reading (in.) (A) 19.08 19.73 20.02 19.47 19.14 
Reading when tilted (in.) (B) 17.19 17.4 17.88 17.63 17.48 
Reading when just vertical (in.) (C) 17.6 - - - - 
Adjustment for tilt (in.) (D = C-B) 0.41 use 0.41 use 0.41 use 0.41 use 0.41 

∆, start – tilted reading (in.) (A-B) 1.89 2.33 2.14 1.84 1.66 

Calculated liquid depth (in.) (∆-D) 1.48 1.92 1.73 1.43 1.25 

Figure 9-1. Tank T-102 Enraf Plummet Prior to 
Lowering, Test 1 
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Figure 9-1Figure 9-1 shows the plummet 
just prior to Test 1.  Figure 9-2Figure 9-2 
shows the plummet when tilted and 
lowering was halted.  Figure 9-3Figure 9-3 
shows the submerged plummet that has just 
been straightened, resulting in the 0.41-in. 
tilt adjustment applied for all tests. 

The start and tilted plummet screenshots 
looked similar for all the tests. 

The presence of sufficient liquid below the 
plummet to ensure it floats indicates that the 
gauge readings can be useful for estimating 
a tank liquid level change rate, providing 
the gauge itself is functioning adequately.  
Review of the test start readings in 
appendix C.  Appendix C shows that the 
gauge is not functioning adequately to 
provide a useful level change rate.  The start 
readings range from 19.08 to 20.02 in.  The 
start readings should all have been within a 
few hundredths of an inch of each other.  
This discrepancy indicates possible gauge 
problems.  This fluctuation in level 
readings is observed in the tank Enraf data 
going back to when the gauge was installed 
in 1996. 

Since the test start levels were not 
consistent, the tilted plummet readings are also open to question.  Observing the delta between 
the start and tilted readings in Error! Reference source not found.Error! Reference source 
not found., the difference ranged from 1.66 to 2.33 in.  Subtracting the assumed 0.41-in. 
difference between when the plummet was submerged and tilted versus when it was submerged 
and vertical, the calculated liquid depth ranged from 1.25 to 1.93 in.  While the absolute value 
of these numbers is questionable due to the gauge problems, the numbers are reasonably 
consistent to indicate there is adequate liquid under the plummet and that the average liquid 
depth appears to be about 1.5 in. below the plummet.  Visual observation of the plummet 
partially submerging during each of the five tests before beginning to tilt confirms this. 

Figure 9-2. Tank T-102 Enraf Plummet Partially 
Submerged and Tilted, Test 1 

Figure 9-3. Tank T-102 Enraf Plummet Partially 
Submerged, Pulled Vertical, Test 1 
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T-102 Enraf before first test, 19.08 in.: 

 

T-102 Enraf after first test 17.19 in.: 
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T-102 Enraf at end of first test with plummet just upright, 17.6 in.:
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T-102 Enraf before 2nd test, 19.73 in.:
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T-102 Enraf after 2nd test, 17.4 in.:

T-102 Enraf before 3rd test, 20.02 in.:
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T-102 Enraf after 3rd test, 17.88 in.:

T-102 Enraf before 4th test, 19.47 in.:
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T-102 Enraf after 4th test, 17.63 in.:

RPP-ASMT-55500, Rev. 0

A-253

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 348 of 628



T-102 Enraf before 5th test, 19.14 in.: 

 

 

T-102 Enraf after 5th test, 17.48 in.: 
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T-102 and T-105 historical level data
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• T Farm tanks experienced a reported buckling of bottom liners during construction (1944) and all
bottom liners required replacement (RPP-RPT-54916)

• Seven of the twelve T Farm tanks are leakers

• Tank T-102 Liquid Level o Pre 1974 - ????? (look for evidence of LL decrease before well 50-02-
05 drilled)

o Increase 1979-1984 - intrusion

o Increase 1989 – faulty FIC

o Recent decreasing trend line attributed to evaporation, no intrusion observed

• Tank T-102 drywells

o 50-02-05 gamma found at the level of tank bottom when drilled which appears to have
decayed to the level found just before 1998 when the 137C began increasing 

 Evidence of decay before and after Webster completion

o Other associated drywells (see ex-tank data)

• Comparison of tanks T-102/T-105 (RPP-ASMT-55500, Table 7-1, Page 7-2) o Supernatant (13/0),
sludge (19/98), drainable liquid (16/5)

o Stabilized (1981/1987)

o Distance to 50-02-05 (12.9ft/10ft)

o Temperature (oC 17.8/16.6)

o DST corrosion limit (not compliant/compliant)

• Other potential causes of drywell 50-02-05 gamma increase o Tank T-105

o Migration from existing tank leaks

o Instrument error

o Drywell anomalies

RPP-ASMT-55500, Rev. 0

A-268

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 363 of 628



Attachment #6 

CHEM-D42_How_It_Works 

RPP-ASMT-55500, Rev. 0

A-269

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 364 of 628



RPP-ASMT-55500, Rev. 0

A-270

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 365 of 628



RPP-ASMT-55500, Rev. 0

A-271

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 366 of 628



RPP-ASMT-55500, Rev. 0

A-272

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 367 of 628



RPP-ASMT-55500, Rev. 0

A-273

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 368 of 628



Leak Assessment Meeting #13 

RPP-ASMT-55500, Rev. 0

A-274

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 369 of 628



MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #13 

TO: Distribution BUILDING: 2620Fermi/D200 

FROM: AJ Kim CHAIRMAN: RE Mendoza 

DEPARTMENT-OPERATION-COMPONENT 

Engineering Tank and Pipeline Integrity 

AREA 

RCHN 

SHIFT 

      

DATE OF MEETING 

09/07/2017 

NUMBER ATTENDING 

11 

Distribution: 

JG Field†* 

MS Garrett† 

MJ Haass† 
DG Harlow†* 

JM Johnson (ORP) 

AJ Kim* 

JD Larson* 
RE Mendoza (Chairman)†* 

AD Pappas* 

GE Reeploeg 

JS Schofield†* 
DM Stewart (ORP)  

HA Sydnor†* 

TJ Venetz†* 

JA Voogd†* 
DJ Washenfelder† 

 

†T-102/T-105 Leak Assessment Panel (Panel) members 

*Attendees 
 

Arron Pope from Stoller Newport News Nuclear, a subsidiary of Huntington Ingalls Industries, was also 
in attendance to discuss logging results. 
 

Meeting Purpose: 

The purpose of this meeting was to update the Panel on drywell logging results, review the T 102 and 
T-105 level information, discuss C-137 soil sorption and attenuation, and finalize the hypotheses for 
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the final elicitation on 9/12/2017. The agenda is included as Attachment 1, including a hypothesis 
updated to account for the 2017 drywell logging events. 

Discussions: 

Don Harlow began the meeting. There were no additional comments on the minutes from the T 102 
Leak Assessment Meeting 12, so the minutes are considered final. 

John Schofield reviewed the T-105 video results again and discussed the T-102 and T-105 pre 1974 
level data. There is no level data evidence that suggests T-102 leaked. There was one period of level 
decrease from 1957 to 1961 for T-105 where the level dropped at about 2,400 gal/yr. See Attachments 
2 and 3.  

Jim Field discussed C-137 sorption and attenuation in soils. Hanford soils have a strong Cs-137 sorption 
capacity. In regard to attenuation, the gamma signal increase rapidly in soils as the plume moves closer 
to the drywell. One ft. of movement of the plume toward the drywell in the soil would result in a 10x 
increase in measured signal; therefore, Cs 137 activity measured in 50-02-05 could be from a large, 
saturated plume moving toward the drywell. See Attachment 4. 

Arron Pope reviewed the preliminary drywell logging results. Only 50-02-05 showed an increase in 
activity (peak count rate increased 12% from 2014). See Attachment 5. 

Joel Larson reviewed the T-105 in-tank data spreadsheet. See Attachment 6. Joel also reviewed the 
precipitation data from the weather station (Attachment 7). Precipitation may have an impact on 
measured activity in the soil because the precipitation could cause a plume to move. 

No new actions assigned for completion before the next meeting. 

The next meeting will take place on 9/12/2017. This will be the final meeting where elicitations forms 
will be completed.  

Action Items: 

 

Action Number Assigned Member Action 

1 HA Sydnor and JG Field 

Look at SGE under the T farm barrier closer and provide 
an update 

Status: Completed in Meeting #10 (7/6/2017) 

2 MA Garrett 

Obtain RAS drywell data 

Status: Completed and discussed in Meeting #13 
(9/72017) 

3 All panel members Review minutes from previous meetings. 
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Read John Schofield’s T-102 write-up draft 

Review TFC-CHEM-D-42 Process Guidelines and Tank 
Leak Probability Calculation Methodology (Attachment 2 
from Meeting #9 minutes). 

Review drywell logging data in the ETIG sharedrive. 

Status: Completed by Meeting #13 (9/7/2017) 

4 All panel members 

Review draft report RPP-ASMT-55500 July 2013 for 
background information located in the T-102 and T-105 
ETIG Older Information folder here. 

Status: Completed in Meeting #11 (7/19/2017) 

5 JG Field 

Assemble the 50-02-05 detail plots that over time record 
the gamma activity for each detector. 

Present a summary to the panel. 

Status: Completed in Meeting #11 (7/19/2017) 

6 JS Schofield 

Update the T-102 Enraf draft appendix with most recent 
data. 

Status: Completed in Meeting #11 (7/19/2017) 

7 
JG Field, HA Sydnor, AD 

Pappas 

Review existing tank leak plumes, liquid flow in T farm, 
barrier runoff infiltration area, nearby cribs and trenches, 
recharge locations, water level declines affecting 
gradients, and other leak events and migration for 
significance in this assessment. 

Status: Completed in Meeting #11 (7/19/2017) 

8 AJ Kim and JS Schofield 

Investigate extent of tank T-105 liquid pools and 
compare with 1980, 1983, and 1987 photos. 

Status: Completed in Meeting #11 (7/19/2017) 

9 JG Field 

Investigate the possible use of an acoustic probe to 
detect 

drywell wall thinning that may have influenced the 
increase of drywell 50-02-05 Cs-137. 

Contact Stoller or other logging company about using an 
acoustic probe. 
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #13 

Status: Acoustic probes are available; however these 
probes do not appear to be useful for drywell 
application. Completed in Meeting #11 (7/19/2017). 

10 JD Larson 

Complete a form that summarizes all important 
information related to the T-102/T-105 leak assessment. 

Status: Completed in meeting #12 (8/3/2017)  

11 DG Harlow 

Create a reading list of reports and information 
summaries for Panel members. 

Status: Completed by email on 7/27/2017 

12 RE Mendoza 

Determine if there is an environmental driver related to 
leaking tanks that would give CHEM-D-42s and the 
associated work scope higher priority. 

Status: Assigned 

Targeted Completion: 9/28/2017 

13 RE Mendoza 

Add T-102/T-105 Leak Assessment to the ESRB agenda 

Status: Assigned 

Targeted Completion: 9/28/2017 
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #13 

Attachment #1 

Meeting Agenda 
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T-102 and T-105 D-42 Leak Assessment

Agenda Meeting # 13 

Approve Meeting Minutes from Meeting #12 

Actions from Meeting #12  (comments – questions – discussion) 

• Analysis of LL data before and after 1974. John Schofield
o Including recent T-105 video

• Gamma attenuation calculations.  Jim Field
• Review preliminary drywell logging results.  Arron Pope/Jim Field
• Tank T-105 in-tank data form.  Joel Larson

o Precipitation 1998 to 2008.
• Continue development of preliminary leak and no leak hypothesis.  Panel

members

Final meeting scheduled for upcoming Tuesday September 12, 2017 

List and assign further actions to support updating the leak assessment report 

• Team members review in-tank ex-tank data to prep for the Leak hypothesis
elicitation next Tuesday.

• John Schofield, update liquid level/video sections 5.1 and 5.2 if needed and
finalize the LL analysis appendix of the draft report.

• Joel Larson, update drywell sections of the draft report with Jim Field
• Don Harlow et. al., draft final drywell report
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POTENTIAL T-102/T-105 LEAK HYPOTHESIS 

• The increased activity in drywell 50-02-05 between 2000 and 2017 was
caused by a leak from tank T-102

• The increased activity in drywell 50-02-05 between 2000 and 2017 was
caused by a source other than tank T-102

• The increased activity in drywell 50-02-05 between 2000 and 2017 was
caused by a leak from tank T-105

• The increased activity in drywell 50-02-05 between 2000 and 2017 was
caused by a source other than tank T-105
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Attachment #2 

Summary of Tank T-102 and T-105 Level Data Since 1945 

Presented by John Schofield 
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Attachment #3 

Analysis of Tank T-102 and T-105 Level Data 

Presented by John Schofield 
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Analysis of Tank T-102 and T-105 Level Data 

The tank T-102 Enraf plummet is sitting on liquid.  An evaluation of tank level data from 1981 to 
2017 shows no indication of a tank leak, and a 365 day test from April 21 2015 to April 21, 2016 
shows the tank is sound. 

The tank T-105 Enraf plummet is believed to be sitting on solids.  The Enraf is sitting on the same 
riser on which the previously used FIC gauge was located.  Photos from 1980 and 1988 show the 
FIC plummet sitting on what appears to be a pile of hard solids surrounded by wet or semi-dry 
sludge.  The FIC and Enraf data show no indication of a leak, but little evidence would be expected 
from a plummet sitting on hard solids. 

Because the contamination present around drywell 50-02-05 was present in April (?) 1974 when 
the drywell was drilled, if the contamination came from tanks T-102 or T-105 then the tanks would 
have to have leaked prior to that date.  PSCACS only includes level data from 1981 on, and the 
PCSACS data gives no indication of either tank leaking since 1981.  An evaluation of pre-1981 level 
data was made to see if there is any evidence of either tank leaking any time prior to 1981. 

There is consistent level data available for tank T-102 and T-105 from mid-1973 on.  Data are 
available from before then but there is much less, with many data points only available on a 
monthly to semi-annual basis.  The sources for all pre-1981 T-102 and T-105 data used in this 
evaluation are provided in the attachment. 

The sources used for tank T-102 and T-105 level data in this evaluation include: 

• Manual tape, FIC, and Enraf readings from PCSACS since 1/1/81 

• Manual tape and FIC data from 1978 to 1981 daily level logs 

• Manual tape and FIC data from 1973 to 1978 level data sheets 

• Graphs showing tank levels from 1945 to 1973 

• Monthly/quarterly/semi-annual reports giving tank volumes from which levels were back-
calculated 

• Supporting data sheets for monthly/quarterly/semi-annual reports which frequently  gave 
level readings 

• Other – tank T-105 readings from tank T-106 leak investigation report 

The term adjusted data used in Figures 1 through 10 refers to adding 12 in. to all MT and FIC 
readings, and to Enraf readings up to the date stated on Figure 1, to account for the change in 
reference point from the tank sidewall bottom and the tank centerline bottom.    

Tank T-102 

Figure 1 shows all the available tank T-102 level data from 1945 to mid-2017.  Four data periods 
are red-circled and shown with expanded x-axis and y-axis in Figures 2 through 5.  Based on Figure 
1 there is no apparent time the data show tank T-102 would have leaked since 1945. 
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Figure 2 shows the tank T-102 level from mid-1965 to mid-1969 when the level was just below overflow.  No significant level decrease 
is evident. 
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Figure 1 - Tank T-102 Adjusted Level Data 1945 to 2017

adj manual tape adj FIC read from plots, some adjusted calc from volumes calc overflow adj Enraf

Adjusted data have:
- 12 in. added to all MT readings
- 12 in. added to all FIC readings
- 12 in. added to plot readings, if plots based on raw data
- 12 in. added to Enraf data before 2/5/1996
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Figure 3 shows the tank T-102 level from mid-1969 to mid-1972.  No level decrease is evident. 
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Figure 2 - Tank T-102 Adjusted Level Data 1965 to 1970

adj manual tape read from plots, some adjusted calc from volumes calc overflow

No decrease for levels calc from volumes mid-65 to mid-69

Dropping to meet next MT data point in 1974
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Figure 4 shows the tank T-102 level from mid-1972 to mid-1974 when the level was just below overflow.  No level decrease is evident. 
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Figure 3 - Tank T-102 Adjusted Level Data 1969 to 1974

adj FIC read from plots, some adjusted calc from volumes

No decrease for levels calc from volumes or read from plots early 70 to mid-72
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Figure 5 shows the tank T-102 level from mid-1974 to 1981.  There is no level decrease evident for any of the FIC data.  Most all the MT data 
shows no level decrease either except there is a half-in. drop when there is missing data between mid-1978 and mid-1980. 
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Figure 4 - Tank T-102 Adjusted Level Data 1972 to 1974

adj FIC read from plots, some adjusted calc from volumes calc overflow

No decrease for levels read from plots, calc from volume, or adj. FIC mid-72 to mid-74
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Based on Figures 1 through 5 there is no evidence tank T-102 has leaked going back to at least 1953. 

Tank T-105 
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Figure 5 - Tank T-102 Adjusted Level Data 1973 to 1981

adj manual tape adj FIC

No decrease FIC mid-74 to 1981, no decrease MT mid-74 
to mid-78, very small decrease MT mid-78 to mid-80. 
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Figure 6 shows all the available tank T-105 level data from 1945 to mid-2017.  Four data periods are red-circled and shown with expanded x-
axis and y-axis in Figures 7 through 10.  Based on Figure 6 there are no data available showing when T-105 might have leaked since 1945 
except possibly the time red-circled as period 1. 
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Figure 6 - Tank T-105 Adjusted Level Data 1945 to 2017

adj manual tape adj FIC calc from volumes read from plots, some adjusted

adj Enraf calc overflow spare inlet bottom lip

Adjusted data have:
- 12 in. added to all MT readings
- 12 in. added to all FIC readings
- 12 in. added to plot readings, if plots appear based on raw data
- 12 in. added to Enraf data before 1/2/96
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Figure 7 shows the period from mid-1956 through 1966 when the level was just below overflow.  These level data are not consistent with 
each other and thus difficult to interpret. 
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Figure 7 - Tank T-105 Adjusted Level Data 1956 to 1966

adj manual tape calc from volumes read from plots, some adjusted

calc overflow calc from volumes excl early 1957 Linear (calc from volumes excl early 1957)

trendline slope = 0.884 in./yr = 2,430 gal/yr
from late 1956 to late 1960.
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The manual tape data, levels read from data plots, and levels calculated from volumes in reports 
should theoretically all be the same since the latter two are all based on manual tape readings.  
However, it can be seen in Figure 7 that some of the data do not match.  In addition, the increase in 
the level calculated from a reported volume between 12/31/56 and 1/31/57, the subsequent decrease 
between 4/30/57 and 5/31/57, and the other level drops up to mid-1960 are not explained in the 
monthly reports or the data sheets behind the monthly reports.  Normally, when volume changes are 
evident they’ll be explained such as X kgal from Tank A or Y kgal to tank B.  Table 1 provides the report 
entries applicable to the changes in Figure 7 between 1956 and 1960. 

Table 1 - Tank T-105 Report Entries 
Month Ending Monthly Report Backup Data Sheet 

December 31, 1956 HW-47640  530 kgal HW-83906 RD  16’0” 541 kgal 
January 31, 1957 HW-48144  540 kgal 

“latest electrode reading” 
HW-83906 RD  16’0” 541 kgal 

April 30, 1957 HW-50127  540 kgal HW-83906 RD 15’6” 541 kgal 
May 31, 1957 HW-50617  524 kgal 

“latest electrode reading” 
HW-83906 RD 15’6” 524 kgal there are words 
that can’t be made out that appear to say 
something like “½” loss…….” 

July 31, 1958 HW-57122  524 kgal HW-83906 RD 15’6” 524 kgal 
August 31, 1958 HW-57550  521 kgal 

“latest electrode reading” 
HW-83906 RD 15’5” 521 kgal 

May 31, 1959 HW-60738  521 kgal HW-83906 RD 15’5” 521 kgal 
June 30, 1959 HW-61095  519 kgal HW-83906 RD 15’4” 519 kgal 

Some of the entries are inconsistent or incorrect.  The levels given in the backup data sheets are the 
raw data referenced to the tank sidewall bottom.  15’6” is equal to 186 in. (198 in. from the tank 
centerline bottom).  A manual tape reading of 15’6” would be equivalent to a volume of 524 kgal using 
the volume standard equation in use at the time, thus the 541 kgal shown for April 30, 1957 (540 kgal 
in monthly report) should have had a MT reading of 16’0”.  The backup data sheets from 4/30/56 on all 
showed a level of 16’0” in. (204 in. after adjustment) and 541 kgal while the corresponding monthly 
reports showed 508 kgal from 4/30/56 through 7/31/56 and 530 kgal from 8/31/56 through 12/31/56.  
It is unknown which values are correct.  The 1958 and 1959 level drop entries are consistent with each 
other.  There are no words in either the monthly report or backup data sheets indicating waste was 
added or removed from the tank.  A transfer into a tank of an inch or two is explainable as a transfer 
from a processing plant, but it doesn’t seem likely that a transfer of only an inch or two would be made 
from a tank. 

The pink data points in Figure 7 are the ‘calc from volumes’ data from mid-56 to 1961 excluding the 
increase between 12/31/56 and 1/31/57 and the subsequent decrease between 4/30/57 and 5/31/57.  
The trendline slope between the pink data points is equivalent to a loss of about 2,430 gal/yr.  If the 
level readings from the backup reports (which should have been the same as the ‘calc from volumes’ 
level readings) were used instead of the ‘calc from volumes’ data from mid-56 to 1961 excluding the 
increase between 12/31/56 and 1/31/57 and the subsequent decrease between 4/30/57 and 5/31/57, 
the trendline slope would have been greater than 2,430 gal/yr 

A tank wouldn’t lose over 2,400 gal/yr unless the temperature was far above ambient.  The tank 
temperature between 1957 and 1960 is unknown.  Figure 13 shows the only tank temperature data 
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from PCSACS, in 1980 the tank T-105 waste temperature was 85 to 90°F several years after the liquid 
had been pumped out.  This implies the temperature 20 years earlier would have been hotter, possibly 
in the 110 to 120°F range.  Using the tank evaporation methodology described in RPP-RPT-54981, 
assuming the tank headspace was about 110 – 120 °F, a tank breathing rate of 2.4 cfm, and a tank 
headspace relative humidity of 90%, the evaporation rate for the tank is estimated to be over 200 
gal/yr.  The evaporation methodology in RPP-RPT-54981 may underestimate the evaporation rate from 
tanks with a significant heat generation rate.  

It is possible there was an instrument problem with the manual tape on the tank.  The plummet would 
have been resting on liquid, not solid in 1956 to 1961, so erratic readings aren’t expected. 

There was no further decrease in the tank T-105 waste level from mid-1961 until waste was added at 
the start of 1965. 

 

Figure 8 shows the period from mid-1969 to the end of 1972.   No level decrease is evident. 
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Figure 9 shows the tank T-105 level in April 1973 during the T-107 to T-105 to T-106 transfer, during which time the T-106 leak occurred.  The 
reason this plot is shown is because the transfer occurred on day shift, was shut down at the end of day shift, and restarted the next morning.  
This went on for a number of days.  At the end of day shift when the tank T-107 pump was shut off, the tank T-105 level was in the 206 to 213 
inch level above the tank centerline bottom.  If the tank exactly matched the drawings, the overflow is calculated to be at 204.43 in.  At the 
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Figure 8 - Tank T-105 Adjusted Level Data 1967 to 1972

calc from volumes read from plots, some adjusted

No change for level data mid-69 to mid-72
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start of the next day shift when pumping was resumed, it can be seen from Figure 9 that the level in tank T-105 was down to just below the 
calculated overflow level.  This implies that the tank T-105 FIC was reasonably accurate, and that based on Figure 6 the only time between 
1945 to 2017 there is evidence the liquid in tank T-105 exceeded the 207.59 in. level to the inside bottom lip of the spare inlets on the tank was 
during this April 1973 period.  The top of the liner is at 228 in. 
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Figure 9 - Tank T-105 Adjusted Level Data April 1973

adj FIC calc from volumes calc overflow spare inlet bottom lip

FIC readings obtained from level data taken during T-107 to 
T-105 to T-106 transfer in April 1973 (T-106 leak occurred 
during transfer).  Transfer was shut off end of day shift,
restarted next day, note how level returned to near exact 
calculated overflow level by next morning, indicates level 
gauge reference level calculations were reasonably close.
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Figure 10 shows the period from mid-1974 to the end of 1984.  There is no level decrease evident for the FIC data up to 1978 when the last 
liquid was pumped from the tank.  The MT data shows no level decease until the last data point in mid-1981.  The FIC data show a slight 
decrease from 1978 to mid-1979, a stable level from 1979 to 1982, and a very slight decrease from 1982 to 1984. 

In short, the FIC data to 1978 show no level loss while the FIC level loss after 1978 is not matched by the MT data. 

Making a trendline through all the FIC data between 1/1/78 and 1/1/84 gives a loss rate of about 300 gal/yr. 
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Figure 10 - Tank T-105 Adjusted Level Data 1974 to 1984

adj manual tape adj FIC adj FIC 1/1/78 to 1/1/84 Linear (adj FIC 1/1/78 to 1/1/84)

trendline slope = 0.107 in./yr = 294 gal/yr
from late 1978 to late 1984.

R
PP-ASM

T-55500, R
ev. 0

A-298

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 393 of 628



Figure 11 is a photo taken of the tank T-105 FIC plummet taken on May 15, 1980.  It shows no liquid under the plummet.  
The only explanations for the FIC level data decrease between 1978 and 1984 are the FIC plummet was slowly making a 
depression as it repeatedly dipped into the waste, or the waste surface was decreasing due to compaction, possibly from 
liquid loss. 

Figure 11 – Tank T-105 FIC Plummet Photo from May 15, 1980 
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Figure 2 is a screen image of the tank T-105 Enraf plummet obtained

  

on August 17, 2017.  The Enraf gauge is in the same riser the FIC was. 

RPP-ASMT-55500, Rev. 0

A-300

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 395 of 628



 

  Based on Figures 6 through 10 the following inferences can be drawn: 

 

• Between mid-1956 and mid 1961 the T-105 liquid level data showed a decrease rate equivalent to about 2,400 
gal/yr.  Some of the data behind this drop are questionable, some don’t match with other data sources that should be 
identical, and the decrease isn’t conclusive.  There was no further decrease after mid-1961, and in 1965 waste was again 
added to the tank. 

• Evaporation wouldn’t have caused a 2,400 gal/yr loss rate unless the tank temperature was very elevated.  Tank T-
105 temperature in this period is unknown, but might have been in the 110 to 120 °F range.  The tank contents were a mix 
of 1-C (1st cycle) and CW (coating waste) so the temperature would have been above ambient, but it would have been 
below boiling waste temperatures. 

• There was no tank T-105 level decrease between mid-1969 and mid-1972 when the waste level was about 67 in. 

• There was no level decrease based on FIC readings from 1972 to 1978, and no level decrease based on manual 
tape readings from mid-1978 to mid-1980.  There was a small decrease of ~300 gal/yr in the level from 1978 to 1984 
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based on FIC data.  The post 1978 MT and FIC level data do not match.  The FIC decrease could be explained by the FIC 
plummet slowly making a depression in the waste solids seen in Figure 11. 

The most likely explanation for all the observations that also explains the radiation presence in the soil at 40 ft. below 
grade, assuming all the data points used are correct and accurately reflect tank conditions, is that there was a leak 
somewhere on the upper sidewall of tank T 105 and the liquid ran down between the liner and the concrete until it found 
a path through the concrete to the soil at the tank base.  When the level dropped below the leak point in the tank the leak 
stopped. 

Attachment - Sources of Tank T-102 and T-105 Level Data 

• All post 1/1/1981 data – PCSACS 

• 1945 to 10/1/69 data interpolated from graphs - IDMS accession #1107190721 

• 1972 data interpolated from graphs - IDMS accession #1107190726 

• 6/30/55 to 9/30/66 level readings from backup data sheets for monthly reports – HW 83906RD 

• 4/4/73 to 4/245/73 T-105 FIC level data from RLO-73-25 

• Manual tape and FIC data 1973 through 1980 – data sheets and level logs in storage boxes 58069, 58070, 58072, 
58100, 111507, and either 111506 or 111508 

• Levels calculated from volumes in April 30, 1952 to September 30, 1973 monthly/quarterly/semi-annual reports 
given in table on next page. 
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Reports Used for Levels Calculated from Volumes 

HW-27838 HW-38926 HW-58831 ARH-1666B 
HW-27838 HW-39216 HW-59204 ARH-1666C 
HW-27838 HW-39850 HW-59586 ARH-1666D 
HW-27839 HW-40208 HW-60065 ARH-2074A 
HW-27839 HW-40816 HW-60419 ARH-2074B 
HW-27839 HW-41038 HW-60738 ARH-2074C 
HW-27840 HW-41812 HW-61095 ARH-2074D 
HW-27840 HW-42394 HW-61582 ARH-2456A 
HW-27840 HW-42993 HW-61952 ARH-2456B 
HW-27841 HW-43490 HW-62421 ARH-2456D 
HW-27841 HW-43895 HW-62723 ARH-2794A 
HW-27841 HW-44860 HW-63083 ARH-2794B 
HW-28043 HW-45140 HW-63559 WHC-MR-0132 
HW-28043 HW-45738 HW-63896  
HW-28043 HW-46382 HW-64810  
HW-29054 HW-47052 HW-65272  
HW-29242 HW-47640 HW-65643  
HW-29624 HW-48144 HW-66557  
HW-29905 HW-48846 HW-66827  
HW-30250 HW-49523 HW-67705  
HW-30498 HW-50127 HW-68291  
HW-30851 HW-50617 HW-83308  
HW-31126 HW-51348 RL-SEP-659  
HW-31374 HW-51858 RL-SEP-821  
HW-31811 HW-52414 RL-SEP-923  
HW-32110 HW-52932 ISO 226  
HW-32389 HW-53573 ISO 404  
HW-32697 HW-54067 ISO 538  
HW-33002 HW-54519 ISO 674  
HW-33396 HW-54916 ISO 806  
HW-33544 HW-55264 ISO 967  
HW-33904 HW-55630 ARH-95  
HW-34412 HW-55997 ARH-326  
HW-35022 HW-56357 ARH-534  
HW-35628 HW-56761 ARH-721  
HW-36001 HW-57122 ARH-871  
HW-36553 HW-57550 ARH-1061  
HW-37143 HW-57711 ARH-1200A  
HW-38000 HW-58201 ARH-1200D  
HW-38401 HW-58579 ARH-1666A  
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #13 

Attachment #4 

Cs-137 Soil Sorption Capacity and Attenuation 

Presented by Jim Field 
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #13 

Attachment #5 

Preliminary Results from RAS 

Logging in 50-02-05 and Four 
Nearby Drywells 
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #13 

Attachment #6 

T-105 In-Tank  Data Spreadsheet 
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #13 

Attachment #7 

Precipitation Data 
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SUBJECT: Tank T-102 Leak Assessment Meeting #13 
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #14 

TO: Distribution BUILDING: 2620Fermi/C200 

FROM: AJ Kim CHAIRMAN: RE Mendoza 

DEPARTMENT-OPERATION-COMPONENT 

Engineering Tank and Pipeline Integrity 

AREA 

RCHN 

SHIFT 

      

DATE OF MEETING 

09/12/2017 

NUMBER ATTENDING 

14 

Distribution: 

JG Field†* 

MS Garrett†* 

MJ Haass† 
DG Harlow†* 

JM Johnson (ORP) 

AJ Kim* 

JD Larson* 
RE Mendoza (Chairman)†* 

AD Pappas* 

GE Reeploeg* 

JS Schofield†* 
DM Stewart (ORP) * 

HA Sydnor†* 

TJ Venetz†* 

JA Voogd†* 
DJ Washenfelder†* 

 

†T-102/T-105 Leak Assessment Panel (Panel) members 

*Attendees 
 

Meeting Purpose: 

The purpose of this meeting was to gather the panel members to complete elicitation assessments for 
both T-102 and T-105 hypotheses.  

Discussions: 

Don Harlow began the meeting. There were no additional comments on the minutes from the T 102 
Leak Assessment Meeting 13, so the minutes are considered final. 
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #14 

Dennis Washenfelder reviewed the elicitation process and explained the spreadsheet used as the 
elicitation form. Then, Don Harlow reviewed highlights of T-102 and T-105 histories before the 
elicitation assessments began. Each panel member completed a separate elicitation assessment for T-
102 and T-105. The elicitation worksheets and results were compiled into a single spreadsheet to 
calculate final average probabilities. The worksheets are located on the ETIG sharedrive (ETIGD-42 
AssessmentsT-102 and T-105_D-42_2017).  

Panel members were given two days to finalize explanations and scoring of the elicitations. As noted in 
the action items table below, final worksheets are expected to be completed by 9/14/2017. 

No additional meetings are scheduled. Panel members and attendees will update the draft document 
and prepare presentations for management and stakeholders, as necessary. 

Action Items: 

Action Number Assigned Member Action 

1 HA Sydnor and JG Field 

Look at SGE under the T farm barrier closer and provide 
an update 

Status: Completed in Meeting #10 (7/6/2017) 

2 MA Garrett 

Obtain RAS drywell data 

Status: Completed and discussed in Meeting #13 
(9/72017) 

3 All panel members 

Review minutes from previous meetings. 

Read John Schofield’s T-102 write-up draft 

Review TFC-CHEM-D-42 Process Guidelines and Tank 
Leak Probability Calculation Methodology (Attachment 2 
from Meeting #9 minutes). 

Review drywell logging data in the ETIG sharedrive. 

Status: Completed by Meeting #13 (9/7/2017) 

4 All panel members 

Review draft report RPP-ASMT-55500 July 2013 for 
background information located in the T-102 and T-105 
ETIG Older Information folder here. 

Status: Completed in Meeting #11 (7/19/2017) 

5 JG Field 

Assemble the 50-02-05 detail plots that over time record 
the gamma activity for each detector. 

Present a summary to the panel. 
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #14 

Status: Completed in Meeting #11 (7/19/2017) 

6 JS Schofield 

Update the T-102 Enraf draft appendix with most recent 
data. 

Status: Completed in Meeting #11 (7/19/2017) 

7 
JG Field, HA Sydnor, AD 

Pappas 

Review existing tank leak plumes, liquid flow in T farm, 
barrier runoff infiltration area, nearby cribs and trenches, 
recharge locations, water level declines affecting 
gradients, and other leak events and migration for 
significance in this assessment. 

Status: Completed in Meeting #11 (7/19/2017) 

8 AJ Kim and JS Schofield 

Investigate extent of tank T-105 liquid pools and 
compare with 1980, 1983, and 1987 photos. 

Status: Completed in Meeting #11 (7/19/2017) 

9 JG Field 

Investigate the possible use of an acoustic probe to 
detect 

drywell wall thinning that may have influenced the 
increase of drywell 50-02-05 Cs-137. 

Contact Stoller or other logging company about using an 
acoustic probe. 

Status: Acoustic probes are available; however these 
probes do not appear to be useful for drywell 
application. Completed in Meeting #11 (7/19/2017). 

10 JD Larson 

Complete a form that summarizes all important 
information related to the T-102/T-105 leak assessment. 

Status: Completed in meeting #12 (8/3/2017) 

11 DG Harlow 

Create a reading list of reports and information 
summaries for Panel members. 

Status: Completed by email on 7/27/2017 

12 RE Mendoza 

Determine if there is an environmental driver related to 
leaking tanks that would give CHEM-D-42s and the 
associated work scope higher priority. 

Status: Assigned 

Targeted Completion: 9/28/2017 
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #14 

13 RE Mendoza 

Add T-102/T-105 Leak Assessment to the ESRB agenda 

Status: Assigned 

Targeted Completion: 9/28/2017 

14 All panel members 

Write justification of T-102 and T-105 scoring in the 
spreadsheets located in ETIG. 

Status: Assigned 

Targeted Completion: 9/14/2017 
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #14 

Attachment #1 

Meeting Agenda 
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #14 

T-102 and T-105 D-42 Leak Assessment 

Agenda Meeting # 14 

Approve Meeting Minutes from Meeting #13  

Final elicitation assessment meeting Tuesday September 12, 2017 

• Review Elicitation Process, Dennis Washenfelder 

• Final Tank T-102 Leak Hypothesis, Assessment Team 
o The increased activity in drywell 50-02-05 between 2000 and 2017 was caused 

by a leak from tank T-102 
o The increased activity in drywell 50-02-05 between 2000 and 2017 was caused 

by a source other than tank T-102 
 

• Final Tank T-105 Leak Hypothesis, Assessment Team 
o The increased activity in drywell 50-02-05 between 2000 and 2017 was caused 

by a leak from tank T-105 
o The increased activity in drywell 50-02-05 between 2000 and 2017 was caused 

by a source other than tank T-105 
 

• New information and T Farm/T-102/T-105 Highlights, Don Harlow 
 

• Elicitation assessment by individual panel members and separately with other 
participants for tank T-102 using elicitation form 

 
• Combined overall expert panel judgment of the probability that tank T-102 leaked from 

the elicitation assessment process. 
 

• Time for individual panel members to write justification of their T-102 scoring. 
 

• Elicitation assessment by individual panel members and separately other participants for 
tank T-105 using elicitation form 

 
• Combined overall expert panel judgment of the probability that tank T-105 leaked from 

the elicitation assessment process. 
 

• Individual panel members write justification of their T-105 scoring and document 
scoring justification for both T-102 and T-105 in Etig by close of business this 
Thursday, September 14, 2017. 
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #14 

Attachment #2 

T FARM AND TANK T-102 and TANK T-105 HIGHLIGHTS
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #14 

• T Farm tanks experienced a reported buckling of bottom liners during construction

(1944) and all bottom liners required replacement (RPP-RPT-54916)

o The degree of construction activities may have provided more compaction of the

soil at the base of the tanks than other tank farms.

 40K increase at base of tanks indicating a band of high density soil

leading to increase in lateral movement.

• Seven of the twelve T Farm tanks are leakers

o Leak volumes around drywell 50-02-05

 T-101 264,000+ gallons (1,300 Ci 137Cs) overfill NE of 50-02-05

• Leak indication at inlet lines and cascade line

 T-103 1,300 gallons (600 Ci 137Cs) spare inlet NW of 50-02-05

 T-106 115,000 gallons (20,000 Ci 137Cs) bottom of tank SW of 50-02-05

 T-107, T-108, T-109 minimal SW to SE of 50-02-05

o Projected T Farm slight vadose zone flow appears to be to the S/SW

• Interim Barrier installed 2007-2008 over 50-02-05, all of T-105, T-106, and part of T-

101, T-102, and T-103

o Some drying noted under the interim barrier

• Tank T-102 Liquid Level

o No level data evidence showing an unexplained level decrease back to 1945

o Increase 1979-1984 - intrusion

o Increase 1989 – faulty FIC

o Recent, 2015 Enraf gauge parts replaced to 2016 no level decrease

 Enraf measuring liquid surface

o No intrusion observed 2014

• Tank T-105 Liquid Level

o Level decrease 1957 to 1961 more than evaporation, not mentioned in monthly

reports
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SUBJECT: Tank T-102 Leak Assessment Meeting #14 

o No unexplained level decreases since 1961

o Enraf appears to be sitting on solids since at least 1980

 About the same amount of liquid on waste surface, 1980 photos

compared to 2017 video.  1987 photos appeared to have slightly more

surface liquid

 About 1.32 in. decrease estimated from photo analysis, 1987-2017, (~30

to ~120 gal/yr) evaporation ~70 gal/yr

o August 2017 video didn’t show evidence of intrusion however waste surface,

time of year and riser locations make it difficult to detect.

• Tank T-101

o Visualizations from 1997/98 SGLS drywell logging may indicate movement of
137Cs and 60Co from an apparent cascade line leak at 20 ft BGS to the 50-02-05

drywell when tank was overfilled to clear a cascade line pluggage.

• Drywells

o 50-02-05 gamma found at the level of tank bottom when drilled 1973 which

appears to have decayed to the level found in 1994 and then 137C began

increasing with next readings in 1998, which were refined in 2009 to actually

show an increase which has continued to the current 2017 level.

 Evidence of decay before and after 1981 Webster completion to 1994

o Four other associated drywells show decreasing gamma

• Resistivity, 2009 indicates the T-101 overflow and the T-106 leak

• Comparison of tanks T-102/T-105 (RPP-ASMT-55500, Table 7-1, Page 7-2)

o Supernatant (13/0), sludge (19/98), drainable liquid (16/5)

o Stabilized (1981/1987)

o Distance to 50-02-05 (12.9ft/10ft)

o Temperature (oC 17.8/16.6)

o DST corrosion limit (not compliant/compliant)

• Potential causes of drywell 50-02-05 gamma increase
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MEETING MINUTES 

SUBJECT: Tank T-102 Leak Assessment Meeting #14 

o Tank T-102 leak
o Tank T-105 leak
o Tank T-101 Inlet and Cascade line leak migration
o Encasement leaks -unlikely
o Migration from other existing tank leaks
o Instrument error - unlikely
o Drywell anomalies -unlikely
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Drywell 50-02-05 Status  
ESRB 2009-6-30 Abbreviated Rev. 2 
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Investigation Status 
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Drywell 50-02-05 Status  
ESRB 2009-09-08 
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T-102 and T-105  
ESRB 3-17-2014 
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TANK T-102 1945 TO 2017 SURFACE LEVEL DATA ANALYSIS 

This appendix provides a compilation of the available waste surface level data for Tank T-102 

from 1945 to 2017, and an analysis of what the data infer about the tank integrity. 

Only surface level data are available; there is no liquid observation well in the tank. 

C.1 Tank T-102 Level Data 

There is consistent level data available for Tank T-102 from mid-1973 on.  Less data are 

available from before then, with many datapoints only available on a monthly to semi-annual 

basis. 

The sources used for Tank T-102 level data in this evaluation include: 

• Manual tape, FIC (Food Industry Corporation) gauge, and Enraf1 readings from the 

personal computer surveillance analysis computer system (PCSACS) since January 1, 

1981 

• Manual tape and FIC data from 1978 to 1981 daily level logs 

• Manual tape and FIC data from 1973 to 1978 level datasheets 

• Graphs showing tank levels from 1945 to 1973 

• Monthly/quarterly/semi-annual reports giving tank volumes from which levels were 

back-calculated 

• Supporting datasheets for monthly/quarterly/semi-annual reports, which frequently gave 

level readings. 

All the above data was assembled into an Excel2 file, from which the plots in this appendix were 

prepared.  The references for Tank T-102 data used in this evaluation are provided in Section C.5. 

Most of the values for the manual tape data, levels read from plots, or levels calculated from 

volumes for a given date were presumably based on the same input reading, and thus the 

readings should have been the same.  In many cases, however, the readings were not the same.  

In viewing the subsequent plots, it is important to look at the data trends, not the absolute value 

of a datapoint. 

                                                 
1  Honeywell Enraf is a product of Honeywell Process Solutions, Strahlenbergerstr. 110-112, 63067 Offenbach, 

Germany. 
2  Excel is a registered trademark of Microsoft Corporation, Redmond, Washington. 
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C.2 Tank T-102 Waste Level Data 1945 to 2017

Figure C-1 shows the Tank T-102 level data from 1945 to 2017, with the following adjustments: 

• All FIC data have 12 in. added to account for the reference level difference between the

tank sidewall bottom and the tank centerline bottom.

• The Enraf data from June 3, 1994 to February 4, 1996 have 12 in. added to account for

the reference level difference between the tank sidewall bottom and tank centerline bottom.

• Low Enraf data spikes from October 1, 2014 to October 30, 2014 that occurred during

work on the gauge have been deleted.

Figure C-1. Tank T-102 Waste Surface Level Data 1945 to 2017 

Figure C-2 through Figure C-7 are expanded x- and y-axis plots of stagnant periods when the 

plummet was sitting on liquid.  Based on these plots, there is no evidence of any leakage from 

Tank T-102. 
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Figure C-2 shows no decrease for about a year from early-1952 to early-1953, and again from 

mid-1955 to mid-1956. 

 

Figure C-2. Tank T-102 Waste Surface Level Data 1952 to 1957 
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Figure C-3 shows no decrease for about a year from mid-1965 to mid-1969. 

 

Figure C-3. Tank T-102 Waste Surface Level Data mid-1965 to mid-1969 
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Figure C-4 shows no decrease from about 1970 to late 1972. 

 
Figure C-4. Tank T-102 Waste Surface Level Data 1969 to 1973 
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Figure C-5 shows the levels were relatively constant or increased slightly from late 1972 to 

mid-1974.  The 1.8-in. FIC drop on July 25, 1973 was presumably a gauge issue, or liquid was 

pumped from the tank to lower the level slightly. 

 

Figure C-5. Tank T-102 Waste Surface Level Data 1970 to 1973 
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Figure C-6 shows no decrease in the FIC from 1974 to 1981, except for the pumping in 1978.  

The FIC data became erratic in October and November 1974, and then no FIC data were 

obtained until early 1978.  There was no decrease in the manual tape data from 1974 to the 1978 

pumping, and then a small decrease based on only a few datapoints between 1978 and 1981. 

 

Figure C-6. Tank T-102 Waste Surface Level Data 1974 to 1981 
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Figure C-7 shows no decrease in the FIC data from 1981 to 1994, and negligible decrease in the 

Enraf data since 1994.  Note the numerous spikes up and down with the Enraf data that appear to 

be fixed since the instrument repair in 2015.  The FIC increase from 1981 to 1984 was due to an 

intrusion. 

 

Figure C-7. Tank T-102 Waste Surface Level Data 1981 to 2017 

The data in Figure C-7 show little change in the tank level since 1984; the gauge readings have 

remained around 19 in.  A trendline through the adjusted Enraf datapoints from June 1994 to 

April 20, 2015 shows a slope of -2.41E-05 in./day.  Using 2,750 gal/in. (the volume per inch is 

actually somewhat lower at a 19-in. waste level), the slope equates to about 25 gal/yr.  This is 

negligible; evaporation from 75-ft diameter single-shell tanks (SST) with a wet surface and low 

heat generation rate has been roughly estimated in the 30 to 70 gal/yr range in RPP-RPT-54981, 

Evaluation of Fourteen Tanks with Decreasing Level Baselines Selected for Review in 

RPP-RPT-55113 Revision 1. 

C.3 Tank T-102 Waste Level Data from April 20, 2015 to April 21, 2016 

To use tank Enraf data for leak or intrusion detection, two items must be verified: 

• The Enraf plummet must be sitting on liquid. 

• There must be sufficient liquid under the plummet so the device floats freely and does not 

get hung up on waste solids under the surface. 
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An in-tank video was performed in Tank T-102 on September 23, 2014, primarily for the 

purpose of verifying these two requirements.  The video results are described in 

RPP-RPT-58239, Fiscal Year 2014 Visual Inspection Report for Single-Shell Tanks.  The 

inspection showed the plummet was resting on liquid, and that the liquid depth under the 

plummet averaged about 1.5 in. over five measurements.  RPP-RPT-58239 provides images and 

details of the plummet measurements. 

Although the two requirements were met, data obtained during the five test measurements 

showed there were gauge problems; the gauge didn’t return to the same surface reading after 

each test, the gauge internals were sticking.  This could be an explanation for the spikes evident 

from 1994 to 2015 in Figure C-3 instead of the normal annual cycle seen in the data from an 

Enraf plummet resting on a liquid surface.  Work package WO-162759, “241-T-102 Replace 

Drum and Bearing on Enraf,” was used to replace the Enraf drum and plummet, and the repaired 

gauge was recalibrated using work package WO-161087, “241-T, 102 Enraf Cal,” on April 20, 

2015.  Attachment 1 includes a copy of the calibration datasheet from April 20, 2015 showing 

the as-left level reading of 19.08 in. 

Figure C-8 is a plot of the Tank T-102 Enraf data for April 20, 2015 through April 21, 2016.  A 

gauge calibration was performed on April 21, 2016 using work package WO-170834, “241-T, 

102 Enraf Cal.”  Attachment 2 includes a copy of the calibration datasheet from April 21, 2016, 

showing the as-found and as-left values of 19.07 and 19.09 in., respectively. 
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Figure C-8. Tank T-102 Enraf Data from April 20, 2015 through April 21, 2016 

Data for Figure C-8 were obtained from two sources: 

• Tank monitoring and control system (TMACS) data (red line in Figure C-8) available 

from the surveillance data display system (SDDS).  TMACS normally records every 

change of ±0.01 in. 

• PCSACS data are taken once a day, normally around 1 a.m.  On January 18, 2016, the 

data quit reporting automatically to PCSACS/TMACS, and starting on January 28, 2016, 

level readings were taken manually in the field.  These readings were either recorded on a 

round sheet or reported directly to the author.  Auto readings began again on March 21, 

2016, but stopped again on April 15, 2016.  Readings for April 19 and April 21, 2016 

were reported directly to the author, and the final reading for April 21, 2016 was taken 

from the calibration datasheet for that day. 

The normal annual cycle seen from an Enraf plummet resting on a liquid surface is evident in 

Figure C-8; there were no up or down spikes like those shown in Figure C-7. 

The starting calibration value of 19.08 in. and the ending calibration value of 19.09 in. imply that 

no liquid left the tank during the year.  In Figure C-8, looking at the overall repeated fluctuations 

of the gauge readings, the net change was about zero despite the calibration change increasing by 

a negligible +0.01 in. in a year. 

The level change over a year is the net effect of all parameters involved with the liquid change 

rate for a tank.  The net effect of intrusion, evaporation, leaks, and all other factors, is: 
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𝑙𝑖𝑞𝑢𝑖𝑑 𝑣𝑜𝑙𝑢𝑚𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒 = 𝑖𝑛𝑡𝑟𝑢𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 + 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 + 𝑙𝑒𝑎𝑘 𝑟𝑎𝑡𝑒 + 𝛴 𝑜𝑡ℎ𝑒𝑟  

where:  

liquid volume change rate = The change in tank liquid waste volume with time 

intrusion rate = The rate of water intrusion into the tank, if any  

evaporation rate = The rate water is evaporated from the tank, if any  

leak rate = The rate liquid waste is leaking out of the tank, if any  

Σ other = The net impact of other factors covering gas volume changes, 

solids volume changes, or other liquid volume additions.  

For Tank T-102, the value for 𝛴 𝑜𝑡ℎ𝑒𝑟 is assumed zero.  With only 19 in. of liquid and sludge in 

the tank, there is negligible room for gas buildup, there are no known solids volume changes that 

could have occurred during the past year, and no liquid volume additions were made. 

Therefore, for Tank T-102, the 𝑖𝑛𝑡𝑟𝑢𝑠𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 + 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 + 𝑙e𝑎𝑘 𝑟𝑎𝑡𝑒 = zero.  Since 

the evaporation rate and leak rate are both negative or zero, there would have to be an intrusion 

that would just balance the combined effect of evaporation and leakage, which is unlikely.  No 

intrusion was observed during the September 23, 2014 video, and no post-1984 intrusion is 

evident in Figure C-7.  The evaporation rate probably is not zero, but a small evaporation rate 

could easily be masked when checking data over only a year. 

C.4 Summary 

Based on the Tank T-102 level data, the following inferences can be made: 

• There is no evidence of an unexplained level decrease in any of the available data from 

1945 to 2017 for Tank T-102. 

• Enraf data for the year April 20, 2015 through April 21, 2016 shows no evidence that 

Tank T-102 is leaking.  The 365-day period showed the annual cycle for an Enraf 

plummet sitting on liquid, and the starting and ending level data were essentially the 

same.  The Enraf gauge plummet was shown to be sitting on liquid with a nominal 1.5-in. 

depth of liquid over waste solids on September 23, 2014, and the level gauge was 

calibrated on April 20, 2015 and April 21, 2016. 

• The level data decreased at a rate of about 25 gal/yr from 1994 to 2016, although this 

trend is questionable due to sticking problems with the Enraf internals.  An evaporation 

rate of 30 to 70 gal/yr is roughly estimated for Tank T-102 depending on the assumptions 

used.  No liquid loss was observed from 2015 to 2016. 

• While not impossible for Tank T-102 to be leaking while having an intrusion that just 

matched the leakage, such an occurrence is unlikely over a long period of time.  No 

intrusion evidence was observed in the 2014 video. 
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Sources of Tank T-102 Level Data 

• All post-January 1, 1981 data – PCSACS download 

• 1945 to October 1, 1969 data interpolated from graphs – IDMS accession #1107190721 

• 1972 data interpolated from graphs – IDMS accession #1107190726 

• June 30, 1955 to September 30, 1966 level readings from backup datasheets for monthly 

reports – HW-83906RD 

• Manual tape and FIC data 1973 through 1980 – Datasheets and level logs in storage 

boxes 58069, 58070, 58072, 58100, 111507, and either 111506 or 111508 

• Levels calculated from volumes in April 30, 1952 to September 30, 1973 

monthly/quarterly/semi-annual reports, which are listed in Table C-1. 
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Table C-1. Reports Used for Levels Calculated from Volumes (2 pages) 
    

HW-27838 HW-39216 HW-59586 ARH-2074A 

HW-27838 HW-39850 HW-60065 ARH-2074B 

HW-27838 HW-40208 HW-60419 ARH-2074C 

HW-27839 HW-40816 HW-60738 ARH-2074D 

HW-27839 HW-41038 HW-61095 ARH-2456A 

HW-27839 HW-41812 HW-61582 ARH-2456B 

HW-27840 HW-42394 HW-61952 ARH-2456D 

HW-27840 HW-42993 HW-62421 ARH-2794A 

HW-27840 HW-43490 HW-62723 ARH-2794B 

HW-27841 HW-43895 HW-63083 WHC-MR-0132 

HW-27841 HW-44860 HW-63559  

HW-27841 HW-45140 HW-63896  

HW-28043 HW-45738 HW-64810  

HW-28043 HW-46382 HW-65272  

HW-28043 HW-47052 HW-65643  

HW-29054 HW-47640 HW-66557  

HW-29242 HW-48144 HW-66827  

HW-29624 HW-48846 HW-67705  

HW-29905 HW-49523 HW-68291  

HW-30250 HW-50127 HW-83308  

HW-30498 HW-50617 RL-SEP-659  

HW-30851 HW-51348 RL-SEP-821  

HW-31126 HW-51858 RL-SEP-923  

HW-31374 HW-52414 ISO 226  

HW-31811 HW-52932 ISO 404  

HW-32110 HW-53573 ISO 538  

HW-32389 HW-54067 ISO 674  

HW-32697 HW-54519 ISO 806  

HW-33002 HW-54916 ISO 967  

HW-33396 HW-55264 ARH-95  

HW-33544 HW-55630 ARH-326  

HW-33904 HW-55997 ARH-534  

HW-34412 HW-56357 ARH-721  

HW-35022 HW-56761 ARH-871  

HW-35628 HW-57122 ARH-1061  

HW-36001 HW-57550 ARH-1200A  

HW-36553 HW-57711 ARH-1200D  
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Table C-1. Reports Used for Levels Calculated from Volumes (2 pages) 
    

HW-37143 HW-58201 ARH-1666A  

HW-38000 HW-58579 ARH-1666B  

HW-38401 HW-58831 ARH-1666C  

HW-38926 HW-59204 ARH-1666D  
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ATTACHMENT 1 

Tank T-102 Enraf Calibration Datasheets from April 20, 2015 

(WO–161087) 
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ATTACHMENT 2 

Tank T-102 Enraf Calibration Data Sheets from April 21, 2016 

(WO-170834) 
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Tank T-105 1945 to 2017 Surface Level Data Analysis 

This appendix provides a compilation of the available waste surface level data for Tank T-105 

from 1945 to 2017, and an analysis of what the data infer about the tank integrity. 

Only surface level data are available; there is no liquid observation well in the tank. 

D.1 Tank T-105 Level Data 

There is consistent level data available for Tank T-105 from mid-1973 on.  Less data are 

available from before then, with many datapoints only available on a monthly to semi-annual 

basis. 

The sources used for Tank T-105 level data in this evaluation include: 

• Manual tape, FIC (Food Industry Corporation) gauge, and Enraf9 readings from the 

personal computer surveillance analysis computer system (PCSACS) since January 1, 

1981 

• Manual tape and FIC data from 1978 to 1981 daily level logs 

• Manual tape and FIC data from 1973 to 1978 level datasheets 

• Graphs showing tank levels from 1945 to 1973 

• Monthly/quarterly/semi-annual reports giving tank volumes from which levels were 

back-calculated 

• Supporting datasheets for monthly/quarterly/semi-annual reports, which frequently gave 

level readings 

• Tank T-105 readings from RLO-73-25, Report on the Investigation of the 106-T Tank 

Leak at The Hanford Reservation Richland, Washington.  

All the above data was assembled into an Excel10 file, from which the plots in this appendix were 

prepared.  The references for Tank T-105 data used in this evaluation are provided in Section D.5. 

Most of the values for the manual tape data, levels read from plots, or levels calculated from 

volumes for a given date were presumably based on the same input reading, and thus the 

readings should have been the same.  In many cases, however, the readings were not the same.  

In viewing the subsequent plots, it is important to look at the data trends, not the absolute value 

of a datapoint. 

                                                 
9  Honeywell Enraf is a product of Honeywell Process Solutions, Strahlenbergerstr. 110-112, 63067 Offenbach, 

Germany. 
10  Excel is a registered trademark of Microsoft Corporation, Redmond, Washington. 
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D.2 Tank T-105 Waste Level Data 1945 to 2017 

Figure D-1 shows the Tank T-105 level data from 1945 to 2017, with the following adjustments: 

• All FIC data have 12 in. added to account for the reference level difference between the 

tank sidewall bottom and the tank centerline bottom. 

• The Enraf data before January 1, 1996 have 12 in. added to account for the reference 

level difference between the tank sidewall bottom and the tank centerline bottom. 

 

Figure D-1. Tank T-105 Waste Surface Level Data 1945 to 2017 

Figure D-2 through Figure D-8, excluding waste temperatures in Figure D-4, are expanded 

x- and y-axis level data plots of stagnant periods in the tank. 
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Figure D-2 shows no decrease from early-1952 to early-1954 and again from mid-1956 to 1957. 

 

Figure D-2. Tank T-105 Waste Surface Level Data 1952 to 1957 
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The level data in Figure D-3 are not consistent with each other and thus difficult to interpret, but 

do show a definite decrease. 

 

Figure D-3. Tank T-105 Waste Surface Level Data mid-1965 to mid-1969 

The manual tape data, levels read from data plots, and levels calculated from volumes in reports 

should theoretically all be the same since the latter two are all based on manual tape readings.  

The manual tape data show a constant 204 in. from early 1956 to early 1957, before dropping to 

198 in.  The level calculated from volumes is 192 in., jumps up to 200 in. at the end of 1956, 

jumps to 204.5 in. and then drops down to just under 204 in., while the manual tape data is 

constant.  The level read from plots goes from 190 in. below axis on December 1, 1956 to 200 in. 

on December 31, 1956.  The levels then match until early 1959, when the level read from plots 

drops to 194 in. 

The increase in the level calculated from a reported volume between December 31, 1956 and 

January 31, 1957, the subsequent decrease between April 30, 1957 and May 31, 1957, and the 

other level drops up to mid-1961 are not explained in the monthly reports or the datasheets 

behind the monthly reports.  Normally, volume changes that are evident  are explainable 

(e.g., X kgal from Tank A or Y kgal to Tank B).  Table D-1 provides the report entries applicable 

to the changes in Figure D-3 between 1956 and 1960. 
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Table D-1. Tank T-105 Report Entries 

Month ending Monthly report information Backup datasheet information 

December 31, 1956 HW-47640, 530 kgal HW-83906 RD, 16 ft-0 in., 541 kgal 

January 31, 1957 HW-48144, 540 kgal “latest 

electrode reading” 

HW-83906 RD, 16 ft-0 in., 541 kgal 

April 30, 1957 HW-50127, 540 kgal HW-83906 RD, 15 ft-6 in., 541 kgal 

May 31, 1957 HW-50617, 524 kgal “latest 

electrode reading” 

HW-83906 RD, 15 ft-6 in., 524 kgal (there are 

words that cannot be made out that appear to say 

something like “½” loss…)” 

July 31, 1958 HW-57122, 524 kgal HW-83906 RD, 15 ft-6 in., 524 kgal 

August 31, 1958 HW-57550, 521 kgal “latest 

electrode reading” 

HW-83906 RD, 15 ft-5 in., 521 kgal 

May 31, 1959 HW-60738, 521 kgal HW-83906 RD, 15 ft-5 in., 521 kgal 

June 30, 1959 HW-61095, 519 kgal HW-83906 RD, 15 ft-4 in., 519 kgal 

 

Some of the entries are inconsistent or incorrect.  The levels given in the backup datasheets are 

the raw data referenced to the tank sidewall bottom.  15 ft-6 in. is equal to 186 in. (198 in. from 

the tank centerline bottom).  A manual tape reading of 15 ft-6 in. would be equivalent to a 

volume of 524 kgal using the volume standard equation in use at the time; thus, the 541 kgal 

shown for April 30, 1957 (540 kgal in monthly report) should have had a manual tape reading of 

16 ft-0 in.  The backup datasheets from April 30, 1956, and after, all showed a level of 16 ft-0 in. 

(204 in. after adjustment) and 541 kgal, while the corresponding monthly reports showed 

508 kgal from April 30, 1956 through July 31, 1956, and 530 kgal from August 31, 1956 through 

December 31, 1956.  It is unknown which values are correct.  The 1958 and 1959 level drop 

entries are consistent with each other.  A transfer into a single-shell tank (SST) of an inch or two 

can be explainable as a transfer from a processing plant, although a transfer of only an inch or 

two would not likely be made from an SST very often. 

The magenta datapoints in Figure D-3 are the “calc from volumes” data from mid-1956 to 1961 

excluding the increase between December 31, 1956 and January 31, 1957, and the subsequent 

decrease between April 30, 1957 and May 31, 1957.  The trendline slope between the pink data 

points is equivalent to a loss of about 2,430 gal/yr.  If the level readings from the backup reports 

(which should have been the same as the “calc from volumes” level readings) were used instead 

of the “calc from volumes” data from mid-1956 to 1961, excluding the increase between 

December 31, 1956 and January 31, 1957 and the subsequent decrease between April 30, 1957 

and May 31, 1957, the trendline slope would have been greater than 2,430 gal/yr. 

There was no further decrease in the Tank T-105 waste level from mid-1961 until waste was 

added at the start of 1965. 
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A tank would not evaporate over 2,400 gal/yr unless the temperature was far above ambient.  

The tank temperature between 1957 and 1960 is unknown.  Figure D-4 shows the only tank 

temperature data from PCSACS; in 1980, the Tank T-105 waste temperature was 85 to 90°F 

several years after the liquid had been pumped out.  This implies the temperature 20 years earlier 

would have been hotter, possibly in the 110 to 120°F range.   

 

Figure D-4. Tank T-105 Tank Temperatures in 1980 

Using the tank evaporation methodology described in RPP-RPT-54981, Evaluation of Fourteen 

Tanks with Decreasing Level Baselines Selected for Review in RPP-RPT-55113 Revision 1, 

assuming the tank headspace was about 110 to 120°F, a tank breathing rate of 2.4 ft3/m, and a 

tank headspace relative humidity of 90 percent, the evaporation rate for the tank is estimated to 

be over 200 gal/yr.  The evaporation methodology in RPP-RPT-54981 may underestimate the 

evaporation rate from tanks with a significant heat generation rate. 
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Figure D-5 shows the period from mid-1965 to early 1967.  Again, the data are not consistent 

with each other; all show a decrease of an inch during the time period, but not all at the same 

time.  The loss of an inch in a year is 2,750 gal/yr, nominally the same loss rate as the trendline 

through the magenta data in Figure D-3. 

 

Figure D-5. Tank T-105 Waste Surface Level Data 1965 to 1968 
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Figure D-6 shows no significant decrease in the manual tape data from mid-1969 to the end of 

1972, and no significant decrease in the level calculated from volumes from 1970 to mid-1972. 

 

Figure D-6. Tank T-105 Waste Surface Level Data 1967 to 1973 
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Figure D-7 shows no decrease in the FIC from mid-1973 to mid-1974, except for the 1-in. drop 

in early August.  The level changes in April 1973 were during the Tank T-107 to T-105 to T-106 

transfer.  The transfer from Tank T-107 occurred on day shift, was shut down at the end of day 

shift, and restarted the next morning.  When the Tank T-107 pump was shutoff, the Tank T-105 

level was 206 to 213 in. above the tank centerline bottom.  At the start of the next day shift when 

pumping was resumed, Figure D-7 shows that the level in Tank T-105 was down to just below 

the calculated overflow level.  This implies that the Tank T-105 FIC was reasonably accurate.  

Per Figure D-7, the only time between 1945 and 2017 that the liquid in Tank T-105 exceeded the 

level to the inside lip of the spare inlets was in April 1973.  The top of the liner is at 228 in. 

 

Figure D-7. Tank T-105 Waste Surface Level Data 1973 to Mid-1974 
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Figure D-8 shows the period from mid-1974 to the end of 1984.  The FIC data show a slight 

increase from 1974 up to late 1977, when the last liquid was pumped from the tank, then a 

decrease of about an inch over the next 6.5 years.  The manual tape data shows no level decease 

through the last datapoint in mid-1981. 

 

Figure D-8. Tank T-105 Waste Surface Level Data 1974 to 1984 
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The FIC plummet was resting on solids since 1978.  The data decrease was likely due to the 

plummet resting on the side of a raised sludge area and making a small depression over time, as 

shown in Figure D-9.  Figure D-10 shows the Tank T-105 Enraf plummet is in the same location 

as the FIC plummet. 

 

Figure D-9. Tank T-105 FIC Plummet on 

Side of Raised Solids Pile in May 15, 1980 

 

Figure D-10. Tank T-105 Enraf Plummet 

on Side of Raised Solids Pile August 17, 2017 

D.3 Tank T-105 Observed Liquid Loss 1987 to 2017 

Tank T-105 was inspected on August 17, 2017.  The inspection is documented in 

RPP-RPT-60093, Fiscal Year 2017 Visual Inspection Report for Single-Shell Tanks.  The 

inspection was performed to observe the quantity of surface liquid present.  Figure D-11 

compares images of surface liquid in 1980, 1987, and 2017.  The liquid present in 1980 and 2017 

appears about the same, but there is slightly more present in 1987. 

 
May 15, 1980 

 
May 14, 1987  

 
August 17, 2017 

Figure D-11. Comparison of Tank T-105 Surface Liquid 1980, 1987, and 2017 
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Figure D-12 shows the liquid-saltwell screen interface in 1987 and 2017.  These images were 

enlarged, printed, and the liquid drop distance scaled to the 10.5-in. diameter saltwell screen 

dimension.  The drop was about 1 to 1.5 in. and calculated to 1.32 in. 

 
May 14, 1987 

 
August 17, 2017 

Figure D-12. Comparison of Tank T-105 Liquid on Saltwell Screen 1987 and 2017 

A 1.32-in. drop calculates to a -0.044 in./yr level change between May 14, 1987 and August 17, 

2017. 

The volume decrease rate is dependent on the fraction of liquid on the waste surface, the solids 

porosity, and the solids rigidity.  An upper bound to the gallon of liquid per inch in the waste is 

based on the waste being very fluid and collapsing as the liquid evaporates, giving 2,750 gal/in. 

A lower bound to the gallon of liquid per inch in the waste is based on the assumption the waste 

is rigid, has the 17 percent drainable porosity normally assumed for waste sludge, and estimating 

that the fraction of liquid on the waste surface between 1987 and 2017 averaged about 

10 percent.  This results in 2,750 × 0.1 + (1.0 - 0.1) × 2,750 × 0.17 = 696 gal/in. 

A -0.044 in./yr decrease at 2,750 gal/yr is -121 gal/yr.  A -0.044 in./yr decrease at 696 gal/yr 

is -31 gal/yr.  The liquid loss rate for Tank T-105 between 1987 and 2017 is thus estimated to be 

between 30 and 120 gal/yr. 

A liquid observation well installed in Tank T-105 would allow liquid level monitoring, as the 

Enraf plummet is on solids and is used only for intrusion detection. 

D.4 Summary 

The Tank T-105 level data show the following: 

• The Tank T-105 level data show no evidence of level decrease from 1945 to the end of 

1956, at which time the level was about 200 in. 

• The level dropped in several steps to 195 in. from mid-1956 to the end of 1961.  A 

trendline between most of the level data showed a decrease rate equivalent to about 

2,400 gal/yr.  Some of the data behind this drop are questionable and some do not match 

with other data sources that should be identical. 
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• Evaporation would not have caused a 2,400-gal/yr loss rate unless the tank temperature 

was very elevated and/or if there had been active ventilation on the tank.  The 

Tank T-105 temperature in this period is unknown, but might have been in the 110 to 

120°F range based on the last tank temperature data readily available in 1980.  The tank 

contents were a mix of 1C (first cycle) and CW (cladding waste) so the temperature 

would have been above ambient, but below boiling waste temperatures. 

• There was no Tank T-105 level decrease between mid-1961, with the level at 195 in. 

until early 1965 when waste was added to the tank, bringing the level to about 203 in.  

The level then dropped an inch over the next year to 202 in., for a loss rate nominally the 

same as from 1957 to 1961. 

• There was no level decrease observed from mid-1969 to mid-1972, when the waste level 

was about 67 in. 

• There was no level decrease based on FIC readings from 1972 to 1978, and no level 

decrease based on manual tape readings from mid-1978 to mid-1980.  A nominal 1-in. 

FIC decrease between 1978 and 1984 is assumed due to the plummet sitting on the edge 

of a slightly raised sludge pile.  There was no further FIC decrease from 1984 to 1995, 

and no decrease from 1995 to 2017 with the Enraf.  The FIC and Enraf plummets 

were/have been on sludge solids since 1978. 

• The surface liquid in Tank T-105 has decreased at a rate of 30 to 120 gal/yr from 1987 to 

2017 based on visual inspection.  The range is dependent on assumptions used as to the 

fraction of liquid on the waste surface, the sludge porosity, and the sludge rigidity. 

• A rough evaporation rate of 70 gal/yr is estimated for Tank T-105.  This rate is based 

solely on an assumed tank breathing rate, headspace relative humidity, and headspace 

temperature. 

• No intrusion evidence was observed during the video, but could have been missed due to 

the decreasing image quality with more distance from the camera. 
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Sources of Tank T-105 Level Data 

• All post-January 1, 1981 data – PCSACS download 

• 1945 to October 1, 1969 data interpolated from graphs – IDMS accession #1107190721 

• 1972 data interpolated from graphs – IDMS accession #1107190726 

• June 30, 1955 to September 30, 1966 level readings from backup datasheets for monthly 

reports – HW-83906RD 

• April 4, 1973 to April 25, 1973 Tank T-105 FIC level data from RLO-73-25 

• Manual tape and FIC data 1973 through 1980 – Datasheets and level logs in storage 

boxes 58069, 58070, 58072, 58100, 111507, and either 111506 or 111508 

• Levels calculated from volumes in April 30, 1952 to September 30, 1973 

monthly/quarterly/semi-annual reports, which are listed in Table D-2. 

Table D-2. Reports Used for Levels Calculated from Volumes (2 pages) 
     

HW-27838 HW-32697 HW-46382 HW-59204 ISO 674 

HW-27838 HW-33002 HW-47052 HW-59586 ISO 806 

HW-27838 HW-33396 HW-47640 HW-60065 ISO 967 

HW-27839 HW-33544 HW-48144 HW-60419 ARH-95 

HW-27839 HW-33904 HW-48846 HW-60738 ARH-326 

HW-27839 HW-34412 HW-49523 HW-61095 ARH-534 

HW-27840 HW-35022 HW-50127 HW-61582 ARH-721 

HW-27840 HW-35628 HW-50617 HW-61952 ARH-871 

HW-27840 HW-36001 HW-51348 HW-62421 ARH-1061 

HW-27841 HW-36553 HW-51858 HW-62723 ARH-1200A 

HW-27841 HW-37143 HW-52414 HW-63083 ARH-1200D 

HW-27841 HW-38000 HW-52932 HW-63559 ARH-1666A 

HW-28043 HW-38401 HW-53573 HW-63896 ARH-1666B 

HW-28043 HW-38926 HW-54067 HW-64810 ARH-1666C 

HW-28043 HW-39216 HW-54519 HW-65272 ARH-1666D 

HW-29054 HW-39850 HW-54916 HW-65643 ARH-2074A 

HW-29242 HW-40208 HW-55264 HW-66557 ARH-2074B 

HW-29624 HW-40816 HW-55630 HW-66827 ARH-2074C 

HW-29905 HW-41038 HW-55997 HW-67705 ARH-2074D 
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Table D-2. Reports Used for Levels Calculated from Volumes (2 pages) 
     

HW-30250 HW-41812 HW-56357 HW-68291 ARH-2456A 

HW-30498 HW-42394 HW-56761 HW-83308 ARH-2456B 

HW-30851 HW-42993 HW-57122 RL-SEP-659 ARH-2456D 

HW-31126 HW-43490 HW-57550 RL-SEP-821 ARH-2794A 

HW-31374 HW-43895 HW-57711 RL-SEP-923 ARH-2794B 

HW-31811 HW-44860 HW-58201 ISO 226 WHC-MR-0132 

HW-32110 HW-45140 HW-58579 ISO 404  

HW-32389 HW-45738 HW-58831 ISO 538  
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Coordinates (WA Plane):

Type Top(ft) Bottom (ft) ID (in) Thick. (in) Stickup (ft)
Steel 0 94 6 0.28 0

Steel 0 94 4 0.237 0

Log Date System Detector Event Log int. (ft) Contractor
6/30/1998 SGLS G2B 1 0-87.5 MACTEC-ERS

7/30/2001 RAS Medium A 30-87 MACTEC-ERS

8/28/2002 RAS Medium B 30-87 Stoller

9/9/2008 SGLS G4B 2 35-87.5 Stoller

8/19/2009 SGLS G4B 3 0-83 Stoller

6/16/2014 RAS Medium C 0-80.5 Stoller

8/10/2017 RAS Medium D 0-85.5 SN3

No change

Co-60 increase & decrease

No change

No change

No change

Log Run Information
Comments

Baseline

No change

Comments: There is grout between the 6" and 4" casings.  

Casing Information
Reference

Stoller

Stoller

Drill Date: 8/31/1973 Type: Cable Tool Depth (ft): 94 Depth Datum: TOC
Depth/Water (ft): dry  D/W Date: 9/4/08 D/W Reference: Stoller

Coordinates (HAN Plant): North: 43593 West: 75637 Elevation (ft): 673.04
North: East: Elevation (m): 

Hanford Single Shell Tank Farms                        
Borehole Geophysics Summary Sheet Page 1 of 1

Borehole Number (Alias): 50-01-06 (299-W10-103) (A7193)

Borehole Information
Site: T Farm, Tank T-101
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Hanford Single Shell Tank Farms                        
Borehole Geophysics Summary Sheet Page 1 of 1

Borehole Number (Alias): 50-01-06 (299-W10-103) (A7193)

Additional Comments
Relative to the 1998 SGLS baseline, 2008 and 2009 SGLS log data indicate slight decreases in Co-60 
concentration from 66 to 67.5 ft, and from about 71 to 78 ft.  Increases in Co-60 are observed from 84 ft 
to the bottom of the logged interval.  This is after accounting for decay.  RAS log data do not indicate 
any changes in the gross gamma profile that cannot be accounted for by decay of Cs-137, Co-60 and 
Eu-154.
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Correction and 
Scaling Factors

1998 SGLS scaling

factor = 0.37

2008 SGLS scaling 
factor = 0.40

2009 SGLS scaling 
factor = 0.40

2014 RAS scaling 
factor = 1.38

2017 RAS scaling 
factor = 1.38

2017 RAS depth 
corrected down by 

1.75 ft
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factor = 0.37
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Coordinates (WA Plane):

Type Top(ft) Bottom (ft) ID (in) Thick. (in) Stickup (ft)
Steel 0 96 6 0.28 0

Steel 0 96 4 0.237 0

Log Date System Detector Event Log int. (ft) Contractor
6/23/1998 SGLS G2B NA 0-92 MACTEC-ERS

7/30/2001 RAS Medium A 30-90 MACTEC-ERS

11/8/2001 RAS Medium B 30-90 MACTEC-ERS

1/22/2002 RAS Medium C 30-90 MACTEC-ERS

8/28/2002 RAS Medium D 30-90 Stoller

5/15/2003 RAS Medium E 30-90 Stoller

9/10/2009 SGLS G4B NA 30-50, 80-92 Stoller

8/25/2009 SGLS G4B NA 0-80 Stoller

9/22/2009 RAS Medium F 0-79.5 Stoller

10/28/2009 RAS Medium G 0-79.5 Stoller

12/2/2009 RAS Medium H 0-75 Stoller

3/8/2010 RAS Medium I 0-79.5 Stoller

4/29/2014 RAS Medium J 20-80 Stoller

8/8/2017 RAS Medium K 0-79.5 SN3

Log Run Information

Reference
Stoller

Stoller

Hanford Single Shell Tank Farms                        
Borehole Geophysics Summary Sheet Page 1 of 1

North: 43685 West: 75680 Elevation (ft): 673.17

Borehole Number (Alias): 50-01-09 (299-W10-104) (A7194)

Casing Information

Borehole Information

Coordinates (HAN Plant):

Comments: This borehole is double cased and grouted.

Type: Cable Tool Depth (ft): 92 Depth Datum: TOC
North: 136765.224 East: 566824.522 Elevation (m): 206.214

Site: T Farm, Tank T-101

Drill Date: 8/31/1973
Depth/Water (ft): 80.1  D/W Date: 3/8/10 D/W Reference: Stoller

No Change

No Change

Poss. Co increases

Cs increase ~21 ft

Comments
Baseline

No Change

No Change

Poss. Increase at 88-89'

No Change

No Change

No change 30-90 ft; no 

apparent change at ~21 ft 

since 2009 SGLS

No Change

No Change

No Change
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Hanford Single Shell Tank Farms                        
Borehole Geophysics Summary Sheet Page 1 of 1

Borehole Number (Alias): 50-01-09 (299-W10-104) (A7194)

Additional Comments
An increase in Cs-137 concentrations was observed to have occurred between 1998 and 2009 from 
about 21 to 22 ft, with a maximum of 316 pCi/g, an increase of about 60 pCi/g, at 21.5 ft.  SGLS data 
from 2008 and 2009 also indicate slight increases in Co-60 concentrations from about 43 to 48 ft, and 
from 82 to 83 ft.  RAS log data in 2001 suggested a possible increase in gross gamma activity from 88 
to 89 ft, though this is not corroborated by SGLS data.  Subsequent RAS data do not exhibit evidence 
of changes in the gross gamma profile, other than what can be explained by decay of Co-60 and Cs-
137.
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Correction and 
Scaling Factors

1998 SGLS scaling

factor = 0.37

2008 SGLS scaling 
factor = 0.40

2009 SGLS scaling 
factor = 0.40

2014 RAS scaling 
factor = 1.38

2017 RAS scaling 
factor = 1.38

2010 RAS depth 
corrected down by 

1.78 ft

2017 RAS depth 
corrected down by 

1.80 ft
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Coordinates (WA Plane):

Type Top(ft) Bottom (ft) ID (in) Thick. (in) Stickup (ft)

Steel 0 91 6 0.28 0

Steel 0 91 4 0.237 0

Log Date System Detector Event Log int. (ft) Contractor

6/10/1998 SGLS G2B NA 0-85.5 MACTEC-ERS

4/13/1999 SGLS G2B NA 45-75 MACTEC-ERS

7/25/2001 RAS Medium A 30-85 MACTEC-ERS

1/22/2002 RAS Medium B 30-85 MACTEC-ERS

8/28/2002 RAS Medium C 30-85 Stoller

5/19/2003 RAS Medium D 30-83 Stoller

9/4/2008 SGLS G4B NA 35-65 Stoller

6/15/2009 HRLS G1C NA 37-42 Stoller

8/27/2009 SGLS G4B NA 0-80 Stoller

9/23/2009 RAS Medium E 0-79.5 Stoller

9/23/2009 RAS Small E 35-44.5 Stoller

11/2/2009 RAS Medium F 0-79.5 Stoller

11/2/2009 RAS Small F 35-44.5 Stoller

12/3/2009 RAS Medium G 0-79.5 Stoller

12/4/2009 RAS Small G 35-45 Stoller

2439 Robertson Drive  •  Richland, WA 99354  •  Telephone (509) 946-6455  •  http://tsd.huntingtoningalls.com/

First event at 0.2 ft depth 

increment

No Change

Cs-137 increase 39-41 ft

Cs-137 & Co-60 

increases; probably high-

rate increase

Substantial Cs-137 

increase centered at 39.5 

ft

Comments

Baseline

No Change

No Change

Baseline-Repeat

No apparent change from 

9/23/09 RAS log

No apparent change since 

2009 SGLS log

Confirm Cs & Co 

increases

No apparent change since 

2009 SGLS log

First measurement with 

small detector

No apparent change since 

2009 SGLS log

Borehole Number (Alias): 50-02-05 (299-W10-123) (A7213)

North: 136749.494 East: 566811.727 Elevation (m): 205.963

Site: T Farm, Tank T-102

North: 43596 West: 75723 Elevation (ft): 672.34

Depth (ft): 85.5 Depth Datum: TOC

Depth/Water (ft): 80.7  D/W Date: 3/9/10 D/W Reference: Stoller

Drill Date: 3/31/1974

Hanford Single Shell Tank Farms          

Borehole Geophysics Summary Sheet
Page 1 of 3

Log Run Information

Reference

Stoller

Stoller

Casing Information

Borehole Information

Coordinates (HAN Plant):

Comments: There is grout between the 6" and 4" casings.  

Type: Cable Tool

RPP-ASMT-55500, Rev. 0
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Log Date System Detector Event Log int. (ft) Contractor

3/9/2010 RAS Medium H 0-79.5 Stoller

3/9/2010 RAS Small H 35-45 Stoller

7/28/2010 RAS Medium I 0-80 Stoller

7/29/2010 RAS Small I 35-45 Stoller

9/26/2010 RAS Medium J 0-80 Stoller

9/26/2010 RAS Small J 35-45 Stoller

4/9/2014 RAS Medium K 0-79.5 Stoller

4/10/2014 RAS Medium K 0-79.5 Stoller

4/10/2014 RAS Small K 35-45 Stoller

6/9/2014 RAS Medium L 0-84.5 Stoller

6/9/2014 RAS Small L 35-45 Stoller

8/3/2017 RAS Medium M 0-87 SN3

8/3/2017 RAS Small M 35-45 SN3

8/8/2017 RAS Small M 35-45 SN3

2439 Robertson Drive  •  Richland, WA 99354  •  Telephone (509) 946-6455  •  http://tsd.huntingtoningalls.com/

No apparent change 

outside high-rate zone

No apparent change since 

4/10/14 RAS log

Possible increase at about 

52.5 ft

Definite increase 

compared to 2014 logs

Definite increase 

Hanford Single Shell Tank Farms          

Borehole Geophysics Summary Sheet
Page 2 of 3

Borehole Number (Alias): 50-02-05 (299-W10-123) (A7213)

Log Run Information (cont.)

Comments

No apparent change since 

2009 SGLS log

No apparent change since 

12/4/09 RAS log

No apparent change 

outside high-rate zone

No apparent change since 

12/4/09 RAS log

No apparent change 

outside high-rate zone

No apparent change since 

12/4/09 RAS log

No apparent change 

outside high-rate zone

No apparent change 

outside high-rate zone

Definite increase 

compared to 2009/10

RPP-ASMT-55500, Rev. 0
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2439 Robertson Drive  •  Richland, WA 99354  •  Telephone (509) 946-6455  •  http://tsd.huntingtoningalls.com/

As part of the SGLS baseline of Tank Farms drywells, 50-02-05 was logged in 1998.  The high-rate zone 

was not logged during the follow-up HRLS logging campaign that occurred during 1999 and 2000 due to 

the very short depth interval (about 2 ft) that would have been required.  Subsequent RAS logging (2001 

to 2003) indicated that there might be an increase in the high-rate zone, and it was suggested that RAS 

logging occur bi-annually.  In 2008, SGLS logging occurred in selected drywells over selected depth 

intervals as part of a targeted rebaseline just after installation of the T-Farm interim surface barrier.  

HRLS logging occurred in 2009 to investigate a substantial increase in dead time observed in the SGLS 

data.  A maximum Cs-137 concentration of about 49,500 pCi/g was observed at 39.5 ft.  In 1998, the peak 

Cs-137 concentration was assayed at about 2,000 pCi/g.  Reprocessing of the 1998 data was conducted 

to generate better curve-fits for the high dead time interval resulting in a peak concentration of 4,560 

pCi/g at 40 ft (3,602 pCi/g decayed to 2008).  A follow-up SGLS log was also conducted in 2009, and 

increases in Cs-137 and Co-60 were documented below the high-rate zone.  Cs-137 increases were 

observed from 47 to 54 ft, and Co-60 increases were observed almost continuously from 49 to 58.5 ft.  

While minor in comparison to the increases in the high-rate zone, they nonetheless occurred, and are 

considered confirmed. 

Subsequent RAS logging with the small and medium detectors occurred three times in 2009, and three 

times in 2010.  In December 2009, it was decided to change from a 0.5-ft to a 0.2-ft depth increment with 

the small detector to better monitor for changes in the very thin high-rate zone.  No significant changes in 

total count rate were discernable in the 2009 and 2010 RAS data.  RAS logging in April and June of 2014 

resulted in three logs with the small detector.  An increase in average peak count rate of about 16% was 

observed between 2010 and 2014, with the peak occurring at 39.4 ft.  No changes were observed below 

the high-rate zone, other than decreases attributable to decay of Co-60.  RAS logging in August of 2017 

produced two logs with the small detector.  Again, an increase in peak count rate is observed, centered 

at 39.4 ft.  This increase is approximately 12% above the average peak count rate observed in 2014, and 

an almost 30% increase since 2010.  Below the high-rate zone, there is a possible increase in gross 

gamma activity at about 52.5 ft observed in the data from the medium detector, which could be related to 

the previous increases observed in the SGLS data between 1998 and 2009.

Hanford Single Shell Tank Farms          

Borehole Geophysics Summary Sheet
Page 3 of 3

Borehole Number (Alias): 50-02-05 (299-W10-123) (A7213)

Additional Comments

RPP-ASMT-55500, Rev. 0
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RAS (Medium & Small Detectors) & SGLS Total Gamma 
Log Date: See Legend Below

1998 SGLS 1999 SGLS

7/25/01 M 1/22/02 M

8/28/02 M 5/19/03 M

2008 SGLS 2009 SGLS

9/23/09 M 9/23/09 S

11/2/09 M 11/2/09 S

11/2/09 S rpt 12/3/09 M

12/4/09 S 12/4/09 S (0.2 ft)

3/9/10 M 3/9/10 S (0.2 ft)

3/9/10 S (0.2 ft) rpt 7/28/10 M

7/29/10 S (0.2 ft) 7/29/10 S (0.2 ft) rpt

9/26/10 M 9/26/10 S (0.2 ft)

9/26/10 S (0.2 ft) rpt 4/9/14 M

4/10/14 M 4/10/14 S (0.2 ft)

4/10/14 S (0.2 ft) rpt 6/9/14 M

6/9/14 S (0.2ft) 6/9/14 S (0.2 ft) rpt

8/3/17 M 8/3/17 S (0.2 ft)

8/8/17 S (0.2 ft) rpt

Depth Adjustments

3/9/10 RAS (M) depth adjusted down 0.7 ft

4/9/14 RAS (M) depth adjusted down 1.9 ft

4/10/14 RAS (M) depth adjusted up 0.3 ft

4/10/14 RAS (S) depth adjusted up 0.2 ft

8/3/17 RAS (M) depth adjusted up 1.6 ft

8/3/17 RAS (S) depth adjusted down 0.2 ft

8/8/17 RAS (S) depth adjusted down 2.0 ft

RPP-ASMT-55500, Rev. 0
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RAS (Medium & Small Detectors) & SGLS Total Gamma 
Log Date: See Legend Below

1998 SGLS 1999 SGLS

7/25/01 M 1/22/02 M

8/28/02 M 5/19/03 M

2008 SGLS 2009 SGLS

9/23/09 M 9/23/09 S

11/2/09 M 11/2/09 S

11/2/09 S rpt 12/3/09 M

12/4/09 S 12/4/09 S (0.2 ft)

3/9/10 M 3/9/10 S (0.2 ft)

3/9/10 S (0.2 ft) rpt 7/28/10 M

7/29/10 S (0.2 ft) 7/29/10 S (0.2 ft) rpt

9/26/10 M 9/26/10 S (0.2 ft)

9/26/10 S (0.2 ft) rpt 4/9/14 M

4/10/14 M 4/10/14 S (0.2 ft)

4/10/14 S (0.2 ft) rpt 6/9/14 M

6/9/14 S (0.2ft) 6/9/14 S (0.2 ft) rpt

8/3/17 M 8/3/17 S (0.2 ft)

8/8/17 S (0.2 ft) rpt

Depth Adjustments and Scaling Factors

3/9/10 RAS (M) depth adjusted down 0.7 ft

4/9/14 RAS (M) depth adjusted down 1.9 ft

4/10/14 RAS (M) depth adjusted up 0.3 ft

4/10/14 RAS (S) depth adjusted up 0.2 ft

8/3/17 RAS (M) depth adjusted up 1.6 ft

8/3/17 RAS (S) depth adjusted down 0.2 ft

8/8/17 RAS (S) depth adjusted down 2.0 ft

1998 & 1999 SGLS scaling factor = 0.38

2008 & 2009 SGLS scaling factor = 0.40

RAS (SMALL) logs 3/9/10 and earlier scaling factor = 0.69

RAS (MEDIUM) logs 7/29/10 and later scaling factor = 1.37
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RAS (Medium Detector) & SGLS Total Gamma 
Log Date: See Legend Below

1998 SGLS 1999 SGLS 7/25/01 M

1/22/02 M 8/28/02 M 5/19/03 M

2008 SGLS 2009 SGLS 9/23/09 M

11/2/09 M 12/3/09 M 3/9/10 M

7/28/10 M 9/26/10 M 4/9/14 M

4/10/14 M 6/9/14 M 8/3/17 M

Depth Adjustments and Scaling Factors

3/9/10 RAS (M) depth adjusted down 0.7 ft

4/9/14 RAS (M) depth adjusted down 1.9 ft

4/10/14 RAS (M) depth adjusted up 0.3 ft

8/3/17 RAS (M) depth adjusted up 1.6 ft

1998 & 1999 SGLS scaling factor = 0.38

2008 & 2009 SGLS scaling factor = 0.40

RAS (MEDIUM) logs 7/29/10 and later scaling factor = 1.37
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 Page 1 of 1 

 

 
2439 Robertson Drive  •  Richland, WA 99354  •  Telephone (509) 946-6455  •  http://tsd.huntingtoningalls.com/ 

Cs-137 Increase in Drywell 50-02-05 
Chronology 

 
Date Description 

06/10/1998 Baseline SGLS log 

07/25/2001 

RAS (medium detector): no change noted from baseline 01/22/2002 

08/28/2002 

05/19/2003 RAS (medium detector): Cs-137 increase at 39-41 ft reported 

08/2003 Discussion of 50-02-05 in Quarterly Monitoring Report for 3rd Quarter of FY2003 

01/2004 Annual Monitoring Report repeated notice of C-137 increase and recommended 
monitoring at 6-month intervals. 

09/04/2008 SGLS log: Cs-137 & Co-60 increases noted 

06/15/2009 HRLS log: “substantial increase Cs-137 at 39.5 ft” since 1998 

08/27/2009 SGLS log: confirms Cs-137 increase 

09/21/2009 Log Data Report (HLGP-LDR-305, Revision 2) for 50-02-05 notes increase in 
Cs-137 at 39.5 ft.  Includes Appendix with discussion of data history in 50-02-05 
and sections through 50-02-05 and nearby drywells. 

09/23/2009 
RAS (medium & small detectors): No apparent change relative to 2009 
SGLS/HRLS data 

11/02/2009 

12/04/2009 

01/2010 “Discussion of Cs-137 increase at 38 to 41 ft in Drywell 50-02-05” prepared 
and issued as Appendix B in T-Farm Re-Baseline Report (HGLP-OTH-006 / 
RPP-RPT-44202). 

03/09/2010 
RAS (medium & small detectors): No apparent change relative to 2009 
SGLS/HRLS data 07/28/2010 

09/26/2010 

04/10/2014 RAS (medium & small detectors): Approximate *8% increase relative to 2010 
data in the high-rate zone (*this measurement was in Hanford Gamma Units 
[HGU] based on small detector data) 

04/16/2014 Email to Jim Field noting increase in gamma activity relative to 2010 data. 

06/09/2014 RAS (medium & small detectors): confirms April 2014 results 

07/10/2014 Email to Jim Field with data from 50-02-05 and adjacent holes. 

07/15/2014 Presentation to WRPS: “50-02-05 Gamma Anomaly” 

08/03/2017 RAS (medium & small detectors): Approx. 12% increase in counts per second 
(cps) relative to 2014 data, based on small detector results. 08/08/2017 

09/07/2017 Presentation to WRPS regarding 50-02-05 gamma flux increases and other 
results from nearby drywells.  Previous estimates of changes were in units of 
HGU.  Estimates here are in cps.  The average peak count rate increased by 
about 16% between 2010 and 2014, by about 12% between 2014 and 2017, and 
by almost 30% between 2010 and 2017.  This is in addition to the greater than 
10-fold increase in peak Cs-137 concentration documented to have occurred 
between 1998 and 2009. 
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Coordinates (WA Plane):

Type Top(ft) Bottom (ft) ID (in) Thick. (in) Stickup (ft)
Steel 0 93 6 0.28 0

Steel 0 93 4 0.237 0

Log Date System Detector Event Log int. (ft) Contractor
6/1/1998 SGLS G1B 1 0-87.5 MACTEC-ERS

7/31/2001 RAS Medium A 30-88 MACTEC-ERS

1/28/2002 RAS Medium B 35-88 MACTEC-ERS

8/29/2002 RAS Medium C 35-88 Stoller

12/16/2002 RAS Medium D 30-88 Stoller

5/15/2003 RAS Medium E 30-87 Stoller

9/8/2008 SGLS G4B 2 65-87.5 Stoller

8/17/2009 SGLS G4B 3 0-83 Stoller

6/12/2014 RAS Medium E 25-83 Stoller

8/17/2017 RAS Medium F 0-87 SN3

Drill Date: 3/31/1974

No additional increase.

Co-60 increase 67-72 ft.

Co-60 increase 67-72 ft.

No Change

No Change

Comments
Baseline

Co-60 increase 67-68 ft.

Co-60 increase 67-68 ft.

No Change

Co-60 increase 67-68 ft.

Depth Datum: TOC
Depth/Water (ft): 84.5  D/W Date: 5/14/03 D/W Reference: Stoller

Borehole Number (Alias): 50-04-10 (299-W10-130) (A7220)

North: 136740.411 East: 566822.447 Elevation (m): 206.143

Site: T Farm, Tank T-104
North: 43567 West: 75687 Elevation (ft): 672.94

Hanford Single Shell Tank Farms                        
Borehole Geophysics Summary Sheet Page 1 of 1

Log Run Information

Reference
Stoller

Stoller

Casing Information

Borehole Information

Coordinates (HAN Plant):

Comments: There is grout between the 6" and 4" casings.  

Type: Cable Tool Depth (ft): 93

RPP-ASMT-55500, Rev. 0
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RAS logging in 2002 identified an apparently progressive slight increase in total gamma activity between 
about 67 and 68 ft.  RAS logging in 2003 indicated no additional increases in that zone.  SGLS logging in 
2008 and 2009 identified an increase in Co-60 in the interval from 68 to 72 ft, as compared with the 1998 
baseline SGLS log.  This provides an explanation for the increases observed in the 2002 RAS logs.  RAS 
logs from 2014 and 2017 show decreases in gamma activity from 67 ft to the bottom of the log, which 
can be explained by decay of Co-60.

Hanford Single Shell Tank Farms                        
Borehole Geophysics Summary Sheet Page 1 of 1

Borehole Number (Alias): 50-04-10 (299-W10-130) (A7220)

Additional Comments
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Borehole 50-04-10 

Possible Increase

0

10

20

30

40

50

60

70

80

90

100

0 20 40 60 80 100

D
ep

th
 (f

t)

cps

RAS Total Gamma (Medium Detector)
Log Date: See Legend Below

1998 SGLS

2008 SGLS

2009 SGLS

7/31/01

1/28/02

8/29/02

12/16/02

5/15/03

6/12/14

8/17/17

Apparent 

progressive 
increase between 
2001 & 2002.

Correction and 
Scaling Factors

1998 SGLS scaling

factor = 0.38

2008 SGLS scaling 
factor = 0.40

2009 SGLS scaling 
factor = 0.40

2014 RAS scaling 
factor = 1.38

2017 RAS scaling 
factor = 1.38

0

10

20

30

40

50

60

70

80

90

100

0 100 200 300

De
pt

h 
(ft

)

cps

SGLS Total Gamma
Log Date: See Legend Below

6/1/98 9/8/08 8/17/09

RPP-ASMT-55500, Rev. 0

E-34

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 573 of 628



Borehole 50-04-10 

0

10

20

30

40

50

60

70

80

90

100

0.01 0.1 1 10

De
pt

h 
(ft

)

pCi/g

SGLS Cs-137
Log Date: See Legend Below

6/1/98 9/8/08 8/17/09

1998 & 2008 

concentrations 
decayed to 2009

0

10

20

30

40

50

60

70

80

90

100

0 20 40 60 80 100

D
ep

th
 (f

t)

cps

RAS Total Gamma (Medium Detector)
Log Date: See Legend Below

1998 SGLS

2008 SGLS

2009 SGLS

7/31/01

1/28/02

8/29/02

12/16/02

5/15/03

6/12/14

8/17/17

Apparent 

progressive 
increase between 
2001 & 2002.

Correction and 
Scaling Factors

1998 SGLS scaling

factor = 0.38

2008 SGLS scaling 
factor = 0.40

2009 SGLS scaling 
factor = 0.40

2014 RAS scaling 
factor = 1.38

2017 RAS scaling 
factor = 1.38

RPP-ASMT-55500, Rev. 0

E-35

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 574 of 628



Borehole 50-04-10 

0

10

20

30

40

50

60

70

80

90

100

0.01 0.1 1 10

De
pt

h 
(ft

)

pCi/g

SGLS Co-60
Log Date: See Legend Below

6/1/98 9/8/08 8/17/09

1998 & 2008 

concentrations 
decayed to 2009

Increase in Co-60 

concentration between 
about 68 and 72 ft.
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Coordinates (WA Plane):

Type Top(ft) Bottom (ft) ID (in) Thick. (in) Stickup (ft)
Steel 0 123 6 0.28 0

Steel 0 123 4 0.237 0

Log Date System Detector Event Log int. (ft) Contractor
4/16/1998 SGLS G1B 1 0-122.5 MACTEC-ERS

7/25/2001 RAS Medium A 30-120 MACTEC-ERS

8/28/2002 RAS Medium B 30-120 Stoller

9/2/2008 SGLS G4B 2 80-105 Stoller

8/12/2009 SGLS G4B 3 0-116.5 Stoller

6/11/2014 RAS Medium C 0-116.5 Stoller

8/15/2017 RAS Medium D 0-119.5 SN3

No change

No change

No change

No change

No change

Log Run Information
Comments

Baseline

No change

Comments: There is grout between the 6" and 4" casings.  

Casing Information
Reference

Stoller

Stoller

Drill Date: 8/31/1973 Type: Cable Tool Depth (ft): 123 Depth Datum: TOC
Depth/Water (ft): dry  D/W Date: 9/2/08 D/W Reference: Stoller

Coordinates (HAN Plant): North: 43592 West: 75761 Elevation (ft): 672.14
North: East: Elevation (m): 

Hanford Single Shell Tank Farms                        
Borehole Geophysics Summary Sheet Page 1 of 1

Borehole Number (Alias): 50-05-11 (299-W10-121) (A7211)

Borehole Information
Site: T Farm, Tank T-105
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Hanford Single Shell Tank Farms                        
Borehole Geophysics Summary Sheet Page 1 of 1

Borehole Number (Alias): 50-05-11 (299-W10-121) (A7211)

Additional Comments
The 2009 SGLS log identified a short interval of "manmade" U-238, identified by the 1001 keV Pa-234 
peak, between 87 and 92 ft.  Re-analysis of the 1998 log data indicated that the U-238 was there at the 
time, but was not identified at the time due to the poor counting statistics (the detections are very near 
to or below the minimum detectable level).  No changes in the total gamma profile are observed relative 
to the 1998 baseline.
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2017 RAS scaling 
factor = 1.38

2017 RAS depth 
corrected down by 
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APPENDIX F 

Drywell 50-02-05 Hanford Gamma Unit Plot and Description 
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F-1 

Correspondence, October 31, 2017, A. D. Pope, SN3 Nuclear and Environmental Group, 
Technical Solutions (A division of Huntington Ingalls Industries) 

The Hanford gamma unit (HGU) is an empirical unit of gamma activity used as a means to 
standardize gamma log response across multiple logging systems with different response 
characteristics (McCain 2009).   The HGU is defined in terms of measurements in the Hanford 
Borehole Calibration Facility, and the magnitude is set such that 1 HGU is approximately 
equivalent to typical Hanford background activity, based on analysis of background samples 
(DOE 1996 DOE/RL-96-12, Hanford Site Background: Part 2, Soil Background for 
Radionuclides). Methods of determining HGU function constants were further refined and 
presented in a comprehensive calibration report for the RAS (McCain 2014). 

RAS summary reports were issued on September 28, 2017 to present new data collected in 
50-02-05 and four other nearby drywells.  It was requested that a plot from older presentations 
and reports be updated to include the new data.  That plot is a presentation of peak HGU values 
through time across multiple logging systems beginning with data as old as 1980.  The plot, 
shown in Figure F-1, has been revised and updated using current HGU function constants and the 
RASs detector data from 2014 and 2017.  Below is a description of the plot and observations 
about the data. 

It remains evident that gamma activity has continued to increase into 2017 in a very thin high-
rate zone centered at about 39.4 ft.  Analysis of RASs detector data from 2017 indicate a 
maximum gamma activity of about 7,400 HGU.  1 HGU is roughly equivalent to about 11 pCi/g 
equivalent Cs-137 (eCs-137), which equates to a peak concentration of about 80,000 pCi/g 
eCs-37.  This value should be used as only a rough approximation of the current concentration.  
To more accurately determine the current concentration of Cs-137, logging with the high-rate 
logging system (HRLS) would be required. 

When the increase began is not as certain.  From the SST Probe 4 data, it appears that gamma 
activity was following a Cs-137 decay trend at least until 1994 when logging was discontinued.  
Between 1994 and the start of the RAS monitoring program in 2001, the drywell was logged 
once with the spectral gamma logging system (SGLS).  At 39.5 ft, the probe was near saturation 
(dead time approximately 90 percent).  This level of dead time is just outside the range of the 
dead time correction function, and so the data could not be reliably corrected for dead time when 
converted to HGU.  As a result, the HGU value for the 1998 SGLS log may be underestimated.  
Therefore, the onset of the influx of (probably) Cs-137 may have preceded 1998, even though 
this value appears to fall near the Cs-137 decay line. 

RAS logging with the medium detector occurred once in 2001, twice in 2002, and once more in 
2003.  One of the logs in 2002 experienced a failure and a resultant gap in the data, which 
included the 39.5-ft data file.  The three other logs show a progressive increase in gamma activity. 

Analysis of SGLS log data from 2008 identified a substantial increase in gamma activity since 
1998, based primarily on increased dead time.  The drywell was logged with the SGLS again in 
2009.  In both instances, the detector was effectively saturated (dead time approximately 
99 percent).  Conversion to HGU results in grossly underestimated results. 
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Figure F-1. Drywell 50-02-05 Peak Gamma Activity 
Approximately 39.4 feet Below Ground Surface 

The high-rate zone was also logged with the HRLS in 2009, with a peak Cs-137 concentration of 
about 49,650 pCi/g observed at 39.5 ft.  This corresponds to a peak gamma activity of 
4,270 HGU. 

RASm detector data from 2009 to 2017 are not valid because the gamma activity is high enough 
to result in near-paralysis of the detector.  HGU values from the 2009 and 2010 logs are included 
simply to illustrate this point.  Logs were conducted in 2014 and 2017 with the medium detector, 
but those data are not included in this plot. 

During the June 2010 RAS calibration, substantial noise was observed in spectra from all 
three detectors below about channel 20.  The low-level discriminator in the telemetry sub was 
adjusted upwards such that counts below channel 20 were not collected in the spectra.  This 
resulted in changes to the counting characteristics of the RAS detectors.  Dead-time effects on 
the RASs detector cannot be properly assessed due to limitations of the Hanford Gamma 
Calibration Facility.  They are simply not “hot” enough to stress the detector.  Because of this, 
HGU calculations for the RASs detector do not account for effects at higher dead time.  As a 
result, measurements made before and after the low-level discriminator adjustment may not 
result in the same HGU values, even if gamma activity is the same. 
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Measurements were made for the first time with the RASs detector beginning in 2009.  The first 
two measurements were made at the typical 0.5-ft depth increment, and HGU values are similar 
to those calculated from the HRLS data.  RASs detector logs from December 2009 to 2017 were 
conducted at 0.2-ft depth increments in order to more precisely characterize the very thin peak 
zone.  This likely resulted in data being captured closer to the exact depth of peak activity.  
Probably because of this, the measurements at around 39.4 ft are significantly higher than the 
earlier small detector measurements. 

The character of the peak zone was described on pages B-3 and B-4 of the spectral gamma 
logging re-baseline report for T Farm (Stoller 2010). “Careful analysis of the RAS results 
indicates that the Cs-137 is concentrated in a very thin bed, and the variability in maximum 
count rates is explained by slight differences in detector position with respect to the bed. The bed 
of high Cs-137 appears to be less than two inches thick, and located between 39.4 and 39.5 feet 
depth.” This conclusion is based on the first measurements made with the RASs detector after 
changing to the 0.2-ft depth increment. 
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Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0
About half the tanks in T-Farm are currently classified assumed leakers.  No high 
heat tanks. 

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.50 0.50 1.00

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM) ENRAF shows little or no change, but undetected change and small leak possible.  

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.20 0.80 0.25

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW) No LOW 

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW) No LOW

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) No LOW

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL)

Increased Gamma activity in 50-02-05 indicates possible leak form T-102 or T-
105.   Low gamma activity level in drywell compared to tank waste and narrow peak 
in dry well not expanding is better explained by attenuation and lateral movement 
from existing plume.  Spectral data indicates migration is not from  T-106, T-103 or 
from the T-101 SE spare inlet overflow.  Could be from cascade leak from T-101 /T-
102.

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.40 0.60 0.67

Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL)

Increased Cs-137 in 50-02-05 indicates possible leak form T-102 or T-105.  Low 
Cs-137 activity level in drywell compared to tank waste and narrow peak in dry well 
not expanding is better explained by attenuation and lateral movement from existing 
plume.  Spectral data indicates migration is not from  T-106, T-103 or from the T-
101 SE spare inlet overflow.  Could be from cascade leak from T-101 /T-102.

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.40 0.60 0.67

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7

Tank 241-T-102 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

JG Field

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

RPP-ASMT-55500, Rev. 0
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Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL)

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) 
Spectral and total gamma equally important.  Spectral shows Cs-137 and mobile 
gama radionuclides.  Gamma has more complete history and most current data 
showing 2017 increase. 

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

0.25 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

0.67 0.67 1.00 1.00

X no LOW

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

0.25

X Gross gamma slightly more important due history and more current

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

0.67

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.17

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.14 0.86 0.17

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9

RPP-ASMT-55500, Rev. 0
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Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.75 0.25 3.00

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.10 0.90 0.11

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW)

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW)

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) 

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL)

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.50 0.50 1.00

Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL)

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.50 0.50 1.00

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

Tank 241-T-102 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

MS Garrett

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7
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Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL)

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) 

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

0.11 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

1.00 1.00 1.00 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

0.11

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

1.00

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.11

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.25 0.75 0.33

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?
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Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

All of the T Farm tanks were replaced due to buckling of the bottom liner. 
Tear down and replace was performed in less time than the original 
construction which may have affected liner quality. Seven of the twelve 
750,000 gal. T Farm tanks leaked.  This may indicate a slightly higher 
probability the other similar T Farm tanks are leaking.

p(L) = "prior" probability that an assumed sound tank has leaked given only two 
pieces of information:  it is a single-shell tank, and it is either a high-heat tank or not.  
Any specific data on past surface level drops or ex-tank radioactivity measurements 
are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the 
same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)
0.53 0.47 1.13

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter 
NA here and in 
Parts 4 and 5)

p(SLM|NL) L(SLM)

The Tank T-102 liquid level has remained steady for many years with no 
decrease.  Seems like there should be some evaporation.  There was an 
intrusion in the past the source of which was sealed off.  No intrusions 
have be observed since.  A slight leak could be masked by unobserved 
intrusion.

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be 
observed, if the tank is a leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would 
be observed, if the tank is a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak 
assessment, then L(SLM) = 1

If there are several essentially redundant surface level measurements (e.g., ENRAF, 
FIC, MT), the probabilities should be assessed only for the more diagnostic and 
reliable one.

0.05 0.95 0.05

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter 
NA here and in 
Parts 4 and 5)

p(LOW|NL) L(LOW) No LOW

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be 
observed, if the tank is a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would 
be observed, if the tank is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not 
available for the leak assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - Liquid 

Observation Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter 

NA)
p(SLM|LOW,NL) L(SLM|LOW) No LOW

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data 
would be observed if the LOW interstitial liquid level data are observed, and if the 
tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data 
would be observed if the LOW interstitial liquid level measurement data are observed, 
and if the tank is a non-leaker.  p(SLM|LOW,NL) = 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level 
measurement data or LOW interstitial liquid level data are not available for the leak 
assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter 

NA) 
p(LOW|SLM,NL) L(LOW|SLM) No LOW

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data 
would be observed if a surface level measurement decrease is observed, and if the 
tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level 
measurement decrease would be observed if a surface level measurement decrease 
is observed, and if the tank is a non-leaker.  p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or 
LOW interstitial liquid level data are not available for the leak assessment, then 
L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma Drywell 

Logs

p(GGL|L)
(if no GGL, enter 
NA here and in 
Parts 8 and 9)

p(GGL|NL) L(GGL)

The 50-02-05 gross gamma was detected at the bottom of the tank level 
(~39 ft.) in 1973 when the drywell was drilled and followed the Cs-137 
decay curve to 1994.  The next reading in 1998 was refined and found to 
be an increase over the 1994 reading.  The drywell has continued to 
increase to August 2017.  There is a probability that the increase came 
from tank T-102, however the increase could have come from other 
sources. 

Considering the historical gross gamma drywell logs reviewed for the leak 
assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if 
the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, 
if the tank is a non - leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak 
assessment, then L(GGL) = 1

0.90 0.95 0.95

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7

Tank 241-T-102 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

DG Harlow

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from tank T-102.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from tank T-102.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6
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Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter 
NA here and in 
Parts 8 and 9)

p(SGL|NL) L(SGL) Spectral gamma logs do not add any new information over the gross 
gamm logs.

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be 
observed, if the tank is a leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be 
observed, if the tank is a non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for 
the leak assessment, then L(SGL) = 1.

0.90 0.95 0.95

Gross Gamma Log - 

Spectral Gamma Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL) NA

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be 
observed if the spectral gamma logs are are observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be 
observed if the spectral gamma logs are observed, and if the tank is a non-leaker.  
p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or 
spectral gamma logs are not available for the leak assessment, then L(GGL|SGL) = 
1.

NA NA 1.00

Spectral Gamma Log - 

Gross Gamma Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) There is virtually no difference in the information from the gross gamma 
logs and the spectral gamma logs

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be 
observed if the gross gamma logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be 
observed if the gross gamma logs are are observed, and if the tank is a non-leaker.  
p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or 
spectral gamma logs are not available for the leak assessment, then L(SGL|GGL)  = 
1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

0.05 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

0.95 0.95 1.00 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x 
L(LOW)

0.05

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

0.95

Combined Likelihood 

Ratio for Leak 

Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.05

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) 
x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  
(L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   
p(NL|in,ex) = 1- p(L|in,ex)

0.05 0.95 0.06

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

SGL & No GGL?

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9
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Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

7 of the 12 tanks in T-farm are identified as assumed leakers.  It is noted that some 
are "assumed" leakers vs. confirmed however some were confirmed leakers.  It is 
also noted that there were notable problems during construction with buckling of 
bottom liners.  All T-farm tanks had the same design and construction so all could 
be considered to have similar failure probabilities.  The probability of 0.58 used is 
7/12 to reflect the assumed failure rate thus far.  

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.58 0.42 1.38

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

The level monitoring in this tank has been very steady without unexplained 
anomalies.  There has been no negative trend in the surface level data that would 
indicate a leak.  The Enraf plummet has been, and still is, measuring a liquid 
surface which makes the readings very reliable.  

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.10 0.90 0.11

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW) There is no LOW in this tank.  

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW) There is no LOW in this tank.  

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) There is no LOW in this tank.  

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL)

The 50-02-05 drywell is the only drywell in the vicinity that has shown an increase 
in levels while other drywells have shown a decrease in levels which is expected 
due to decay.  This drywell is almost exactly between T-102 and T-105 which, to 
me, provides a higher probability that one of these two tanks had a leak than the 
probability of the material being detected having come from another tank.  It is 
noted that there are other tanks in the farm that have leaked but they are farther 
away and a leak from another tank that migrated to 50-02-05 would likely have 
been detected with the other drywells in the area. The 0.9 value is to acknowledge 
that the probability of a leak from another tank is possible so the probability of the 
increased 5-02-05 being from other than T-102 is slightly greater than from T-102.

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.85 0.90 0.94

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

Tank 241-T-102 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

RE Mendoza

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7

RPP-ASMT-55500, Rev. 0
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Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL)

The 50-02-05 drywell is the only drywell in the vicinity that has shown an increase 
in levels while other drywells have shown a decrease in levels which is expected 
due to decay.  This drywell is almost exactly between T-102 and T-105 which, to 
me, provides a higher probability that one of these two tanks had a leak than the 
probability of the material being detected having come from another tank.  It is 
noted that there are other tanks in the farm that have leaked but they are farther 
away and a leak from another tank that migrated to 50-02-05 would likely have 
been detected with the other drywells in the area. The 0.9 value is to acknowledge 
that the probability of a leak from another tank is possible so the probability of the 
increased 5-02-05 being from other than T-102 is slightly greater than from T-102.

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.85 0.90 0.94

Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL)

The values measured at drywell 50-02-05 are interpreted as increases in radiation, 
without assigning additional weight to either the gross gamma or the spectral 
gamma results.  This is reflected by using NA in this Part 8 and using 0.5 in the 
next Part 9.  

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) 

The values measured at drywell 50-02-05 are interpreted as increases in radiation, 
without assigning additional weight to either the gross gamma or the spectral 
gamma results.  This is reflected by using 0.5 in this Part 9 and using NA in the 
previous Part 8.  

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

0.11 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

0.94 0.94 1.00 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

0.11

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

0.94

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.10

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.13 0.87 0.14

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?
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Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

0.26 is average of 0.395 and 0.116.  0.395 is from 51 non-high heat assumed 
leaking tanks divided by 129 total non-high heat tanks (20 assumed high heat 
tanks = 6 A farm + 4 AX farm + 9 SX farm + C-106).  0.116 is from 15 non-high 
heat assumed leaking tanks identified in RPP-32681 process divided by 129 non-
high heat tanks.

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.26 0.74 0.35

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

The 365 day leak test with the Enraf from 2015 to 2016 with the plummet shown to 
be sitting on liquid and the gauge calibrated before and after showed zero level 
change, this conclusively shows the tank either isn't leaking or the tank is leaking 
with an intrusion rate that just matches the leak.  There is no evidence of an 
intrusion in the tank since 1984.  There is no evidence of a leak in any stagnant 
period of data back to 1945 for the tank.  It was felt this was better than a 95% 2σ 
confidence but not as as much as a 99.7% 3σ confidence, so 97% was assumed. 

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.03 0.97 0.03

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW) No LOW.

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW) No LOW.

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) No LOW.

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL)

It was subjectively assumed that a tank with 4-5 drywells around it would see a 
small leak maybe 30% of the time.  Note:  See RPP-10413 for results for Monte 
Carlo analysis of drywell logging performance for tanks with 1, 2, or 3 drywells 
where over 100,000 different parameters were assumed.

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.30 0.70 0.43

Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL)

It was subjectively assumed that a tank with 4-5 drywells around it would see a 
small leak maybe 30% of the time.  Note:  See RPP-10413 for results for Monte 
Carlo analysis of drywell logging performance for tanks with 1, 2, or 3 drywells 
where over 100,000 different parameters were assumed.

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.30 0.70 0.43

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

Tank 241-T-102 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

JS Schofield

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7
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Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL)

It was felt that there is no difference between gross gamma or spectral gamma data 
for T-102.  Both methods show an increase in radiation at the level of the tank 
base about 10 to 12 ft. from the tank.  If one method shows an increase in radiation 
at the levels shown, the other method should also if both methods were working 
properly.  It appears both methods are working properly as they have been 
consistent over the years.  An NA is entered here and a 0.50 value entered below 
so as not to double-dip with the data.

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) 

It was felt that there is no difference between gross gamma or spectral gamma data 
for T-102.  Both methods show an increase in radiation at the level of the tank 
base about 10 to 12 ft. from the tank.  If one method shows an increase in radiation 
at the levels shown, the other method should also if both methods were working 
properly.  It appears both methods are working properly as they have been 
consistent over the years.  An NA is entered above and a 0.50 value entered here 
so as not to double-dip with the data

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

0.03 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

0.43 0.43 1.00 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

0.03

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

0.43

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.01

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.0046 1.00 0.00

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?

RPP-ASMT-55500, Rev. 0

G-11

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 600 of 628



Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.50 0.50 1.00 no outstanding information 

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.30 0.70 0.43  Could not visualize the entire tank bottom

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW)

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW)

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) 

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL) detect  total gamma  

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.40 0.60 0.67

Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL) identifies varies radionuclide and there activity  value

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.60 0.40 1.50

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7

Tank 241-T-102 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

HA Sydnor

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6
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Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL) knowing the radionuclide and activity may assist deter plume movement and rate 

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are are observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

0.60 0.40 1.50

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) 

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

NA NA 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

0.43 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

0.67 1.50 1.50 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

0.43

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

2.25

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.96

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.49 0.51 0.96

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9
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Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

1st tank farm built, 7 of 12 leaked or suspect, All tanks bottoms replaced in T farm , 
but not high heat or aggressive waste. Slightly higher than 50:50 of leaking tanks 
in this farm

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.55 0.45 1.22

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

Enraf on liquid surface and stable level reading since repair.  No prior evidence of 
leakage based on level history.  Leak would have to be very small to not be 
detected by change in surface level or be masked by intrusion, for which there is 
no evidence. 

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.10 0.90 0.11

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW) NA

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW) NA

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) 

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL)

50-02-05 closest to tank, others farther away. Tank is shortest and most direct 
source, if leak from this tank, contamination may have not traveled to other 
drywells yet.   High NL probability because many other gamma sources in this area 
of T farm 

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.50 0.40 1.25

Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL)
Same as gross gamma, assume Cs137 same as gross gamma, little insight from 
Co60 or Eu154,  other than maybe evidence of contamination traveling down with 
(Co60 detected at -59 level) 

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.50 0.40 1.25

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

Tank 241-T-102 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

TJ Venetz

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7
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Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL)

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) Equal weight

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

0.11 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

1.25 1.25 1.00 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

0.11

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

1.25

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.14

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.15 0.85 0.17

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?
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Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

The probability that T-102 has leaked is roughly proportional to the number of 
tanks that have already leaked and/or suspected of leaking.  7 of 12 T farm tanks 
are already identified as assumed leakers.  T-102 and T-105 are being evaluated 
as potential leakers.   Use 8/12 = 66%

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.66 0.34 1.94

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

The probability that the surface level measurement data would be observed and 
provide positive indication of a leak is obscured by the potential for water intrusion 
into the tank and the ability of an ENRAF to accurately measure liquid changes in 
the tank if the ENRAF plummet should encounter a solid surface

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.20 0.80 0.25

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW)

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW)

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) 

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL) The historical gross gamma drywell logs provide indication of contamination in the 
vicinity of T-102 but not conclusive information of the source.

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.50 0.50 1.00

Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL) The historical spectral gamma drywell logs provide indication of contamination in 
the vicinity of T-102 but not conclusive information of the source.

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.50 0.50 1.00

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7

Tank 241-T-102 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

JA Voogd

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

RPP-ASMT-55500, Rev. 0
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Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL)

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) 
It seems equally likely that either method (gross or spectral gamma) would provide 
information of contamination near the dry well and/or T-102.  It is also equally likely 
that neither method would be able to discern the origination of the leak.

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

0.25 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

1.00 1.00 1.00 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

0.25

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

1.00

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.25

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.33 0.67 0.49

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9

RPP-ASMT-55500, Rev. 0

G-17

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 606 of 628



Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

Tank T-102 was second tank in three-tank cascade, and not subject to high 
temperatures, seven of the twelve 100-series 241-T SSTs have already leaked.  
Therefore, there is a reasonable chance that this remaining sound tank is already 
leaking. 

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.60 0.40 1.50

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

The T 102 ENRAF is monitors a liquid pool with + 1-in. specified measurement 
precision.  The liquid level has remained stable for many years.  The probability 
that a leaking SST would demonstrate a stable liquid level is very low.

Tank T-102 contains 19 kgal of sludge:  if uniformly spread, a 14-in. thick sludge 
layer at center of tank and 2.4-in thick at sidewall.  The tank contains an estimated 
16 kgal of drainable liquid.  At the accepted sludge porosity of 17% (HNF-2978, 
Rev. 5), the sludge can hold only ~3% of the drainable volume; the other 97% is 
free to leak, but the liquid level is stable.

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.10 0.90 0.11

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW) No LOW.

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW) No LOW.

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) No LOW.

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL)

Tank T-102 is located between two “assumed leaker” tanks.  The separation 
distance between structures is < 25-ft.

Additionally, a partial surface barrier covering all or part of five assumed leaking 
tanks, T-105, and part of T-102 was installed in 2009, altering natural precipitation 
patterns in the area.  The soil column underneath the barrier has shown little 
change in moisture content indicating continuing presence of existing or 
emergence of additional moisture recharge sources.

The 50-02-05 39-ft BGS spike was present when the drywell was completed in 
1970’s, and began was discovered increasing when November 2008 data were re-
evaluated.  The spike has continued to episodically increase since.

There are multiple existing radioactive plumes near tank T-102, including a 115 
kgal leak from tank T-106 and smaller leaks from others.  It is not certain that the 
most likely source of the 39-ft BGS spike is tank T-102.

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.35 0.65 0.54

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-102.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

Tank 241-T-102 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

DJ Washenfelder

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7

RPP-ASMT-55500, Rev. 0

G-18

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 607 of 628



Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL)

In this case, the spectral gamma data do not help the gross gamma logs resolve 
the origin of the 39-ft BGS spike and so receive the same conditional probability.  
In other words identification of the radionuclides that make up the gross gamma 
scan count rates are non-discriminatory for identification of the plume's origin.

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.35 0.65 0.54

Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL) NA

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are are observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) 
The gross gamma logs and the spectral gamma logs present essentially identical 
information with respect to plume origin; neither is more important nor makes a 
greater contribution to reaching a  leak - no-leak conclusion.

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

0.11 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

0.54 0.54 1.00 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

0.11

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

0.54

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.06

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.08 0.92 0.09

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?
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Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0
About half the tanks in T-Farm are currently classified assumed leakers.  No high 
heat tanks. 

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.50 0.50 1.00

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

ENRAF is on solids; no liquid level change measurements.  Past liquid decreases 
not explained.  Liquid pools indicate potential for drainage. Possible liquid level 
decreases based on video estimates, may or may not be explained by evaporation.  
Liquid pools indicate a low permeability surface or leak, if any, is small.    

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.60 0.40 1.50

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW) no LOW

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW) No LOW 

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) No LOW 

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL)

Increased Gamma activity in 50-02-05 indicates possible leak form T-102 or T-
105.   Low gamma activity level in drywell compared to tank waste and narrow peak 
in dry well not expanding is better explained by attenuation and lateral movement 
from existing plume.  Spectral data indicates migration is not from  T-106, T-103 or 
from the T-101 SE spare inlet overflow.  Could be from cascade leak from T-101 /T-
102.

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.40 0.60 0.67

Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL)

Increased Cs-137 in 50-02-05 indicates possible leak form T-102 or T-105.  Low 
Cs-137 activity level in drywell compared to tank waste and narrow peak in dry well 
not expanding is better explained by attenuation and lateral movement from existing 
plume.  Spectral data indicates migration is not from  T-106, T-103 or from the T-
101 SE spare inlet overflow.  Could be from cascade leak from T-101 /T-102.

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.40 0.60 0.67

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-105.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a source other 
than tank T-105.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

Tank 241-T-105 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

JG Field

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7
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Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL)

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) 
Spectral and total gamma equally important.  Spectral shows Cs-137 and mobile 
gamma radionuclides.  Gamma has more complete history and most current data 
showing 2017 increase. 

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

1.50 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

0.67 0.67 1.00 1.00

X no LOW

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

1.50

X Gross gamma slightly more important due history and more current

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

0.67

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

1.00

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.50 0.50 1.00

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?
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Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.75 0.25 3.00

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.30 0.70 0.43

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW)

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW)

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) 

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL)

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.35 0.65 0.54

Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL)

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.40 0.60 0.67

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-105.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a source other 
than tank T-105.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

Tank 241-T-105 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

MS Garrett

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7
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Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL)

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) 

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

0.43 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

0.54 0.67 1.00 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

0.43

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

0.54

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.23

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.41 0.59 0.69

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?
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Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

All of the T Farm tanks were replaced due to buckling of the bottom liner. Tear 
down and replace was performed in less time than the original construction which 
may have affected liner quality. Seven of the twelve 750,000 gal. T Farm tanks 
leaked.  This may indicate a slightly higher probability the other similar T Farm 
tanks are leaking.

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.53 0.47 1.13

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

Liquid level decrease 1957 to 1961 all of which could not be explained by 
evaporation.  This may be the cause of the gamma found at 39 ft. level when 
drywell 50-02-05 was drilled.  The Enraf plummet is currently on solids. There are 
visible liquid puddles on the waste surface solids which have not changed from 
1980 photos to 2017 video. However 1987 photos appear to have slightly more 
surface liquid.  The sludge porosity would seem to preclude a leak. T-105 is only 
10 ft. from drywell 50-02-05 and the level of C3-137 is very low compared to other 
leaking tanks.  There is a possibility that the tank is leaking but there are other 
possibilities for the increase in 50-02-05.

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.20 0.80 0.25

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW) NA

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW) NA

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) NA

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL)

The 50-02-05 gross gamma was detected at the bottom of the tank level (~39 ft.) in 
1973 when the drywell was drilled and followed the Cs-137 decay curve to 1994.  
The next reading in 1998 was refined and found to be an increase over the 1994 
reading.  The drywell has continued to increase to August 2017.  There is a 
probability that the increase came from tank T-105 as 50-02-05 is only 10 ft. from 
the tank and the liquid level is inferred not a direct reading, however the increase 
could have come from other sources.

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.85 0.90 0.94

Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL) Spectral gamma logs do not add any new information over the gross gamma logs.

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.85 0.90 0.94

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-105.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a source other 
than tank T-105.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

Tank 241-T-105 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

DG Harlow

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7
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Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL)

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) The information from gross gamma and the spectral gamma results are essentially 
the same. 

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

0.25 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

0.94 0.94 1.00 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

0.25

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

0.94

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.24

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.21 0.79 0.27

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?
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Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

7 of the 12 tanks in T-farm are identified as assumed leakers.  It is noted that some 
are "assumed" leakers vs. confirmed however some were confirmed leakers.  It is 
also noted that there were notable problems during construction with buckling of 
bottom liners.  All T-farm tanks had the same design and construction so all could 
be considered to have similar failure probabilities.  The probability of 0.58 used is 
7/12 to reflect the assumed failure rate thus far.  

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.58 0.42 1.38

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

The level monitoring in this tank is not as clearly interpreted as in T-102.  The 
Enraf plummet is resting on solids so the results are of limited value.  An in-tank 
inspection was performed in August 2017 that allowed the "by eye" evaluation of 
the liquid present as compared to the liquid observed 30 years ago.  A drop in liquid 
level of ~1.3 inches was roughly calculated [30-120 gallons/year (depending on 
varied assumptions)].  An estimate of evaporation for this tank is approximately 70 
gallons/year.  A probability of 0.5 is used to indicate a 50% probability that the 
estimated reduction in liquid is due to a leak.   

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.50 0.50 1.00

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW) There is no LOW in this tank.  

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW) There is no LOW in this tank.  

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) There is no LOW in this tank.  

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL)

The 50-02-05 drywell is the only drywell in the vicinity that has shown an increase 
in levels while other drywells have shown a decrease in levels which is expected 
due to decay.  This drywell is almost exactly between T-102 and T-105 which, to 
me, provides a higher probability that one of these two tanks had a leak than the 
probability of the material being detected having come from another tank.  It is 
noted that there are other tanks in the farm that have leaked but they are farther 
away and a leak from another tank that migrated to 50-02-05 would likely have 
been detected with the other drywells in the area. The 0.9 value is to acknowledge 
that the probability of a leak from another tank is possible so the probability of the 
increased 5-02-05 being from other than T-102 is slightly greater than from T-102.

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.85 0.90 0.94

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-105.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a source other 
than tank T-105.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

Tank 241-T-105 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

RE Mendoza

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7
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Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL)

The 50-02-05 drywell is the only drywell in the vicinity that has shown an increase 
in levels while other drywells have shown a decrease in levels which is expected 
due to decay.  This drywell is almost exactly between T-102 and T-105 which, to 
me, provides a higher probability that one of these two tanks had a leak than the 
probability of the material being detected having come from another tank.  It is 
noted that there are other tanks in the farm that have leaked but they are farther 
away and a leak from another tank that migrated to 50-02-05 would likely have 
been detected with the other drywells in the area. The 0.9 value is to acknowledge 
that the probability of a leak from another tank is possible so the probability of the 
increased 5-02-05 being from other than T-102 is slightly greater than from T-102.

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.85 0.90 0.94

Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL)
The values measured at drywell 50-02-05 are interpreted as increases in radiation, 
without assigning additional weight to either the gross gamma or the spectral 
gamma results.  

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) 

The values measured at drywell 50-02-05 are interpreted as increases in radiation, 
without assigning additional weight to either the gross gamma or the spectral 
gamma results.  This is reflected by using 0.5 in this Part 9 and using NA in the 
previous Part 8.  

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

1.00 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

0.94 0.94 1.00 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

1.00

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

0.94

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.94

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.57 0.43 1.30

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?

RPP-ASMT-55500, Rev. 0

G-28

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 617 of 628



Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

0.26 is average of 0.395 and 0.116.  0.395 is from 51 non-high heat assumed 
leaking tanks divided by 129 total non-high heat tanks (20 assumed high heat 
tanks = 6 A farm + 4 AX farm + 9 SX farm + C-106).  0.116 is from 15 non-high 
heat assumed leaking tanks identified in RPP-32681 process divided by 129 non-
high heat tanks.

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.26 0.74 0.35

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

The Enraf data are of no value since the plummet is sitting on hard solids.  The 
1.32 in. drop in liquid level over 30 years based on observation of the liquid level 
against the saltwell screen was used.  This drop is equivalent to a 30 to 120 gal/yr. 
liquid loss depending upon assumptions used.  Evaporation estimate for the tank is 
a very rough 70 gal/yr., so evaporation may or may not account for all the liquid 
loss.  Data back to 1945 showed an unexplainable liquid loss of 2,400 gal/yr. from 
1957 to mid-1961, but no liquid loss evident in other stagnant periods.  Based 
largely on the 1.32 in. drop in 30 years it was subjectively assumed there was a 
50% probability the drop would indicate a tank leak, and a 50% probability it doesn't 
indicate a tank leak.

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.50 0.50 1.00

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW) No LOW.

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW) No LOW.

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) No LOW.

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL)

It was subjectively assumed that a tank with 4-5 drywells around it would see a 
small leak maybe 30% of the time.  Note:  See RPP-10413 for results for Monte 
Carlo analysis of drywell logging performance for tanks with 1, 2, or 3 drywells 
where over 100,000 different parameters were assumed.

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.30 0.70 0.43

Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL)

It was subjectively assumed that a tank with 4-5 drywells around it would see a 
small leak maybe 30% of the time.  Note:  See RPP-10413 for results for Monte 
Carlo analysis of drywell logging performance for tanks with 1, 2, or 3 drywells 
where over 100,000 different parameters were assumed.

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.30 0.70 0.43

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-105.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a source other 
than tank T-105.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

Tank 241-T-105 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

JS Schofield

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7
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Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL)

It was felt that there is no difference between gross gamma or spectral gamma data 
for T-105.  Both methods show an increase in radiation at the level of the tank 
base about 10 to 12 ft. from the tank.  If one method shows an increase in radiation 
at the levels shown, the other method should also if both methods were working 
properly.  It appears both methods are working properly as they have been 
consistent over the years.  An NA is entered here and a 0.50 value entered below 
so as not to double-dip with the data.

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) 

It was felt that there is no difference between gross gamma or spectral gamma data 
for T-105.  Both methods show an increase in radiation at the level of the tank 
base about 10 to 12 ft. from the tank.  If one method shows an increase in radiation 
at the levels shown, the other method should also if both methods were working 
properly.  It appears both methods are working properly as they have been 
consistent over the years.  An NA is entered here and a 0.50 value entered below 
so as not to double-dip with the data.

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

1.00 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

0.43 0.43 1.00 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

1.00

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

0.43

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.43

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.13 0.87 0.15

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?

RPP-ASMT-55500, Rev. 0

G-30

RPP-ASMT-55500 Rev.00 3/5/2018 - 8:12 AM 619 of 628



Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.50 0.50 1.00 no outstanding information

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.30 0.70 0.43 Could not visualize entire tank bottom

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW)

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW)

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) 

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL)

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.40 0.60 0.67

Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL)

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.60 0.40 1.50

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7

Tank 241-T-105 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

HA Sydnor

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-105.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a source other 
than tank T-105.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

RPP-ASMT-55500, Rev. 0
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Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL) detect total gamma

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

0.60 0.40 1.50 deter

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) identifies varies radionuclides and activity rate

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

NA NA 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

0.43 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

0.67 1.50 1.50 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

0.43

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

2.25

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.96

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.49 0.51 0.96

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9
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Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

1st tank farm built, 7 of 12 leaked or suspect, All tanks bottoms replaced in T farm , 
but not high heat or aggressive waste. Slightly higher than 50:50 of leaking tanks 
in this farm

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.55 0.45 1.22

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

Appreciable surface level drops for one or more periods.  Enraf now on solid 
surface so value of surface level uncertain.  Some surface liquid present, maybe 
more than previous inspections.  Intrusion inspection performed in August and 
none observed, changes in ILL possible with no change in SL. In the absence of 
ILL data, Leaking tank may or may not exhibit this behavior therefore 50:50. 

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.50 0.50 1.00

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW) NA

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW) NA

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) 

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL)

Drywell slightly closer to T-105, closest and most direct source to drywell, 
contamination present at low levels since drywell installation, evidence of 

increasing radioactivity for a long period, maybe back to 1998, still low , suggesting 
migration from past leak possible influenced by presence of barrier.  High NL 

probability as there are many sources of gamma activity in this tank farm.  

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.60 0.40 1.50

Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL)
Same as gross gamma, assume Cs137 same as gross gamma, little insight from 
Co60 or Eu154,  other than maybe evidence of contamination traveling down with 
(Co60 detected at -59 level) 

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.60 0.40 1.50

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7

Tank 241-T-105 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

TJ Venetz

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-105.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a source other 
than tank T-105.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

RPP-ASMT-55500, Rev. 0
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Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL)

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) Equal weight

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

1.00 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

1.50 1.50 1.00 1.00

X

In-Tank likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

1.00

X

Ex-Tank likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

1.50

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

1.50

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.65 0.35 1.83

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihoods Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9
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Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

The probability that T-105 has leaked is roughly proportional to the number of 
tanks that have already leaked and/or suspected of leaking.  7 of 12 T farm tanks 
are already identified as assumed leakers.  T-102 and T-105 are being evaluated 
as potential leakers.   Use 8/12 = 66%

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.66 0.34 1.94

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

The probability that the surface level measurement data would be observed and 
provide positive indication of a leak is obscured by the potential for water intrusion 
into the tank and the ability of an ENRAF to accurately measure liquid changes in 
the tank if the ENRAF plummet should encounter a solid surface

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.20 0.80 0.25

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW)

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW)

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) 

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL) The historical gross gamma drywell logs provide indication of contamination in the 
vicinity of T-105 but not conclusive information of the source.

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.50 0.50 1.00

Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL) The historical spectral gamma drywell logs provide indication of contamination in 
the vicinity of T-105 but not conclusive information of the source.

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.50 0.50 1.00

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7

Tank 241-T-105 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

JA Voogd

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-105.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a source other 
than tank T-105.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

RPP-ASMT-55500, Rev. 0
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Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL)

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) 
It seems equally likely that either method (gross or spectral gamma) would provide 
information of contamination near the dry well and/or T-105.  It is also equally likely 
that neither method would be able to discern the origination of the leak.

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

0.25 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

1.00 1.00 1.00 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

0.25

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

1.00

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.25

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.33 0.67 0.49

Notes and Key:

SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?

Which In-Tank Condition Applies? (Mark X in Box)

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9

RPP-ASMT-55500, Rev. 0
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Elicitation Date:

Elicitation from:

Elicitation by:

Hypotheses: 

Leaker:

Non-Leaker:

                           
Likelihood Ratio 

L NL L:NL

 p(L) p(NL)  Ω0

Tank T-105 was second tank in three-tank cascade, and not subject to high 
temperatures, seven of the twelve 100-series 241-T SSTs have already leaked.  
Therefore, there is a reasonable chance that this remaining sound tank is already 
leaking. 

p(L) = "prior" probability that an assumed sound tank has leaked given only two pieces of information:  it is a 
single-shell tank, and it is either a high-heat tank or not.  Any specific data on past surface level drops or ex-
tank radioactivity measurements are ignored.

p(NL) = "prior" probability that an assumed sound tank has not leaked given the same data.  p(NL) = 1- p(L)

Ω0 = "prior" odds in favor of the leak hypothesis.  Ω0 = p(L)/p(NL)

0.60 0.40 1.50

Surface Level 

Measurement

p(SLM|L)
(If no SLM, enter NA 
here and in Parts 4 

and 5)

p(SLM|NL) L(SLM)

The tank T-105 ENRAF monitors a solid surface depression with no specified 
measurement precision.  The tank contains 98 kgal of sludge, if uniformly spread, 
43-in. thick at tank center and 31-in. thick at sidewall.  The tank contains an 
estimated 5 kgal of drainable.  At 17% porosity (HNF-2978, Rev. 5) about 29% of 
the sludge would be saturated.  The large unsaturated volume restrains the driving 
force for a leak.

A recent video shows that the surface is covered with liquid puddles, indicating no 
apparent flow into unsaturated sludge.  The surface depression under the ENRAF 
is dry, reinforcing the retarded flow observation, and the minimal likelihood of a 
leak.  1956 – 1960 liquid level decrease was supernatant, and therefore not a test 
of sludge properties.  The liquid decrease is not discussed in reports and must 
have been rationalized to a non-leak cause.

Sludge layers have been observed to retard leakage from tanks.  For example 
Tank AY-102 contained 55-in. of sludge when first identified as leaking in April 
2012.  The liner leak sites remained plugged with sludge resulting in minor leakage 
until sludge retrieval disturbed them. Tank A-105 continued to store waste for 37 
months after a steam eruption tore 75% of the floor liner away from the wall liner in 
January 1965 without a measurable liquid level decrease.

Considering the surface level measurement data reviewed for the leak assessment:

p(SLM|L) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is a 
leaker.

p(SLM|NL) = ["posterior"] probability that the surface level measurement data would be observed, if the tank is 
a non - leaker.  p(SLM|NL) = 1 - p(SLM|L)

L(SLM) = p(SLM|L)/p(SLM|NL).  If surface level data are not available for the leak assessment, then L(SLM) = 
1

If there are several essentially redundant surface level measurements (e.g., ENRAF, FIC, MT), the 
probabilities should be assessed only for the more diagnostic and reliable one.

0.25 0.75 0.33

Liquid Observation 

Well

p(LOW|L)
(if no LOW, enter NA 
here and in Parts 4 

and 5)

p(LOW|NL) L(LOW) No LOW.

Considering the interstitial liquid level data reviewed for the leak assessment:

p(LOW|L) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank is 
a leaker.

p(LOW|NL)) = ["posterior"] probability that the LOW interstitial liquid level data would be observed, if the tank 
is not a leaker.  p(LOW|NL) = 1 - p(LOW|L)

L(LOW) = p(LOW|L)/p(LOW|NL).  If LOW interstitial liquid level data are not available for the leak 
assessment, then L(LOW) = 1

NA NA 1.00

Surface Level 

Measurement - 

Liquid Observation 

Well 

Interdependence

p(SLM|LOW,L)
(if no LOW, enter NA) p(SLM|LOW,NL) L(SLM|LOW) No LOW.

Considering that in-tank data sources may be interdependent:

p(SLM|LOW,L) = ["posterior"] probability that the surface level measurement data would be observed if the 
LOW interstitial liquid level data are observed, and if the tank is a leaker.

p(SLM|LOW,NL) = ["posterior"] probability that a surface level measurement data would be observed if the 
LOW interstitial liquid level measurement data are observed, and if the tank is a non-leaker.  p(SLM|LOW,NL) 
= 1 - p(SLM|LOW,L)

L(SLM|LOW) = p(SLM|LOW,L)/p(SLM|LOW,NL) .  If either surface level measurement data or LOW interstitial 
liquid level data are not available for the leak assessment, then L(SLM|LOW) = 1.

If there is no LOW, skip to the next part.

NA NA 1.00

Liquid Observation 

Well - Surface Level 

Measurement 

Interdependence

p(LOW|SLM,L)
(if no SLM, enter NA) p(LOW|SLM,NL) L(LOW|SLM) No LOW.

Considering that in-tank data sources may be interdependent:

p(LOW|SLM,L)  = ["posterior"] probability that the LOW interstitial liquid level data would be observed if a 
surface level measurement decrease is observed, and if the tank is a leaker.

p(LOW|SLM,NL) = ["posterior"] probability that a LOW interstitial liquid level measurement decrease would be 
observed if a surface level measurement decrease is observed, and if the tank is a non-leaker.  
p(LOW|SLM,NL) = 1 - pp(LOW|SLM,L)

L(LOW|SLM) = p(LOW|SLM,L)/p(LOW|SLM,NL) .  If either surface level data or LOW interstitial liquid level 
data are not available for the leak assessment, then L(LOW|SLM) = 1.

If there is no surface 

NA NA 1.00

Surface Level Measurement - Liquid Observation Well Interdependence - Part 4

Liquid Observation Well - Surface Level Measurement Interdependence - Part 5

Tank 241-T-105 Leak Assessment Expert Elicitation Form

(From HNF-3747, Rev. 0)

September 12, 2017

DJ Washenfelder

T-102 and T-105 D-42 Leak Assessment 
Team

Conditional Probabilities

In-Tank Data Liquid Observation Well - Part 3

True State

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a leak from 
tank T-105.

The increased activity in drywell 50-02-05 between 2000 and 2017 was caused by a source other 
than tank T-105.

Prior Probability - Part 1

In-Tank Data Surface Level Measurement - Part 2

Ex-Tank Data - Gross Gamma Drywell Logs - Part 6

RPP-ASMT-55500, Rev. 0
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Gross Gamma 

Drywell Logs

p(GGL|L)
(if no GGL, enter NA 
here and in Parts 8 

and 9)

p(GGL|NL) L(GGL)

Tank T-105 is located within 25-ft of two "assumed leaker" tanks, and within 35-ft 
of three other “assumed leakers”.  There are multiple existing radioactive plumes 
near tank T-105, including a 115 kgal leak from tank T-106 and smaller leaks from 
others. In these circumstances it cannot be reasonably certain  that the most likely 
source of the 39-ft BGS spike is tank T-105.

Additionally, a partial surface barrier covering all or part of five assumed leaking 
tanks, T-105, and part of T-102 was installed in 2009, altering natural precipitation 
patterns in the area.  The soil column underneath the barrier has shown little 
change in moisture content indicating continuing presence of existing or 
emergence of additional moisture recharge sources.

The 50-02-05 39-ft BGS spike was present when the drywell was completed in 
1970’s, and began was discovered increasing when November 2008 data were re-
evaluated.  The spike has continued to episodically increase since.

Considering the historical gross gamma drywell logs reviewed for the leak assessment:

p(GGL|L) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a leaker.

p(GGL|NL) = ["posterior"] probability that the gross gamma logs would be observed, if the tank is a non - 
leaker.  p(GGL|NL) = 1 - p(GGL|L)

L(GGL) = p(GGL|L)/p(GGL|NL).  If gross gamma logs are not available for the leak assessment, then L(GGL) 
= 1

0.35 0.65 0.54

Spectral Gamma 

Drywell Logs

p(SGL|L)
 (if no SGL, enter NA 
here and in Parts 8 

and 9)

p(SGL|NL) L(SGL)

In this case, the spectral gamma data do not help the gross gamma logs resolve 
the origin of the 39-ft BGS spike and so receive the same conditional probability.  
In other words identification of the radionuclides that make up the gross gamma 
scan count rates are non-discriminatory for identification of the plume's origin.

Considering the spectral gamma drywell logs reviewed for the leak assessment:

p(SGL|L) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
leaker.

p(SGL|NL) = ["posterior"] probability that the spectral gamma drywell logs would be observed, if the tank is a 
non - leaker.  p(SGL|NL) = 1 - p(SGL|L)

L(GGL) = p(SGL|L)/p(SGL|NL).  If spectral gamma drywell logs are not available for the leak assessment, 
then L(SGL) = 1.

0.35 0.65 0.54

Gross Gamma Log - 

Spectral Gamma 

Log 

Interdependence

p(GGL|SGL,L) p(GGL|SGL,NL) L(GGL|SGL) NA

Considering that ex-tank data sources may be interdependent:

p(GGL|SGL,L) = ["posterior"] probability that the gross gamma logs would be observed if the spectral gamma 
logs are  observed, and if the tank is a leaker.

p(GGL|SGL,NL) = ["posterior"] probability that the gross gamma logs would be observed if the spectral 
gamma logs are observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(GGL|SGL,L)

L(GGL|SGL) = p(GGL|SGL,L)/p(GGL|SGL,NL).  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(GGL|SGL) = 1.

NA NA 1.00

Spectral Gamma 

Log - Gross Gamma 

Log 

Interdependence

p(SGL|GGL,L) p(SGL|GGL,NL) L(SGL|GGL) 
The gross gamma logs and the spectral gamma logs present essentially identical 
information with respect to plume origin; neither is more important nor makes a 
greater contribution to reaching a  leak - no-leak conclusion.

Considering that ex-tank data sources may be interdependent:

p(SGL|GGL,L)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross gamma 
logs are observed, and if the tank is a leaker.

p(SGL|GGL,NL)  = ["posterior"] probability that the spectral gamma logs would be observed if the gross 
gamma logs are  observed, and if the tank is a non-leaker.  p(GGL|SGL,NL) = 1 - p(SGL|GGL,L) 

L(SGL|GGL)  = p(SGL|GGL,L) /p(SGL|GGL,NL) .  If either gross gamma logs or spectral gamma logs are not 
available for the leak assessment, then L(SGL|GGL)  = 1.

0.50 0.50 1.00

L(SLM) L(LOW) L(SLM|LOW) L(LOW|SLM) 

0.33 1.00 1.00 1.00

L(GGL) L(SGL) L(GGL|SGL) L(SGL|GGL) 

0.54 0.54 1.00 1.00

X

In-Tank Likelihood 

Ratio
L(SLM,LOW)

If SLM and no LOW:  L(SLM,LOW) = L(SLM)
if LOW and no SLM:  L(SLM,LOW) = L(LOW) 
If SLM and LOW and SLM most important:   L(SLM,LOW) = L(LOW|SLM) x L(SLM)
If SLM and LOW and LOW most important:  L(SLM,LOW) = L(SLM|LOW) x L(LOW)

0.33

X

Ex-Tank Likelihood 

Ratio
L(SGL,GGL) 

If GGL and no SGL:  L(SGL,GGL) = L(GGL)
if SGL and no GGL: L(SGL,GGL) = L(SGL)
If GGL and SGL and GGL most important:   L(SGL, GGL) = L(SGL|GGL) x L(GGL)
If GGL and SGL and SGL most important:  L(SGL, GGL) = L(GGL|SGL) x L(LSGL)

0.54

Combined 

Likelihood Ratio for 

Leak Hypothesis

L(in,ex) L(in,ex) = L(SLM,LOW) x L(SGL,GGL)

0.18

 

p(L|in,ex) p(NL|in,ex) Ω1

Ω1 = posterior (post-leak assessment) odds in favor of leak hypothesis.  Ω1= L(in,ex) x ΩO

p(L|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.  (L|in,ex) = Ω1/(Ω1+1)
p(NL|in,ex) = posterior probability (post-leak assessment) that the tank is a leaker.   p(NL|in,ex) = 1- p(L|in,ex)

0.21 0.79 0.27

Notes and Key:

SGL & No GGL?

GGL & SGL; SGL most important? (Mark Part 9 NA)

GGL & SGL; GGL most important? (Mark Part 8 NA)

SLM & No LOW?

LOW & No SLM?

SLM & LOW; SLM most important? (Mark Part 4 NA)

SLM & LOW; LOW most important? (Mark Part 5 NA)

Which Ex-Tank Condition Applies? (Mark X in Box)

GGL & No SGL?

Which In-Tank Condition Applies? (Mark X in Box)

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7

Gross Gamma Log - Spectral Gamma Log Interdependence - Part 8

Manual entries (Elicited probabilities)

Posterior Probability for Leak Hypothesis

Combined Likelihood Ratios

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9

RPP-ASMT-55500, Rev. 0
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SLM: Surface Level Measurements
LOW: Liquid Observation Well
GGL: Gross Gamma Log
SGL: Spectral Gamma Log

For elicited probabilities, the ratio column is p(*|L)/p(*|NL).
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