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EXECUTIVE SUMMARY 

This document provides the results of a tank integrity leak assessment performed for tank 

241-AX- l 04 ( AX-104). The leak assessment process is described in Engineering Procedure 

TFC-ENG-CHEM-D-42, Tank Leak Assessment Process. 

Single-shell tank 241-AX-104 is a one million gallon capacity, 75-foot diameter, mild steel-lined 

concrete shell tank located in the southeast comer of the four-tank 241-AX Tank Farm. The tank 

was placed in service in 1965, and continued to receive and store waste until August 1978 when 

it was removed from service. The tank was sluiced in 1977 and 1978 and declared interim 

stabilized on August 10, 1981 based on a review of tank photographs. The tank was classified as 

having questionable integrity in August 1978 based on radioactivity detected in drywell 11-04-

08. The source of the radioactivity could not be determined. The four valve and service pit drain 

lines connecting to the tank were removed during August 1981 to prevent water intrusion. 

In 2007, CH2M HILL Hanford Group Inc. , with the U.S . Department of Energy- Office of 

River Protection and the Washington State Department of Ecology, developed a process to re­

assess selected tank leak volume and inventory estimates, and to update single-shell tank leak 

and unplanned release volumes and inventory estimates as emergent field data are obtained. The 

process is described in RPP-32681 , Process to Estimate Tank Farm Vadose Zone Inventories. 

In February, 2008, a review of waste released to the soils from tank AX-104 was conducted in 

accordance with the RPP-32681 process. The review concluded that a leak from the tank was 

unlikely given the low levels of gamma activity measured in drywells and other more probable 

sources for the drywell activity. The AX farm tanks were reassessed in January 2014, and a tank 

leak integrity assessment was recommended. A formal leak assessment of tank AX-104 was 

performed during June, 2014. The method of analysis used for the formal leak assessment 

process was Engineering Procedure TFC-ENG-CHEM-D-42. 

The leak assessment team developed plausible hypotheses for the observed tank behavior based 

on the review of in-tank and ex-tank data: 
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Leak Hypothesis: 

"The change in radioactivity in drywell 11-04-08 was caused by a leak from tank 

AX-104." 

No-Leak Hypothesis: 

"The change in radioactivity in dry well 11-04-08 resulted from a source or sources other 

than a tank leak and may include the AX farm ventilation system, transfer line leaks, 

operations releases and/or other sources." 

The consensus of the assessment team was that the data did not appear to support a tank leak. 

The following general observations were made: Liquid level decreases reported in Occurrence 

Report OR 77-19 have been explained and did not appear to be a concern in the past; the leak 

detection pit (LDP) liquid level continually decreased and should increase for a tank leak; 

radioactivity at dryweU 11-04-08 likely didn't originate from the ventilation header Dresser 

coupling leaks between the tanks and radionuclide concentration appears to be too low to be 

from a tank leak, but appears to be consistent with a condensate leak; if the tank leaked, other 

radionuclides such as 137 Cs or 6°Co would be expected in spectral gamma scans; a leak from 

ventilation lines near drywell 11-04-08, flush pit leaks or surface runoff and migration are viable 

sources for the Ru-106 in drywell 11-04-08. 

The recommendation of the leak assessment team was that the integrity designation of tank 

AX-I 04 be changed from '·Assumed Leaker" to "Sound." 

The results of the assessment were presented to the Executive Safety Review Board (ESRB) on 

August 25, 2014. The board concurred that the integrity status of tank AX-104 should be 

changed from "Assumed Leaker" to "Sound." 

11 
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1.0 INTRODUCTION 

This document provides the results of a tank integrity leak assessment performed for tank 
241-AX-104 (AX-104) . The leak assessment process is described in Engineering Procedure 
TFC-ENG-CHEM-D-42. 

Tank AX-104 was one of several 241-A and 241-AX tank farm tanks selected for leak integrity 
reassessment in accordance with RPP-32681 , Process to Estimate Tank Farm Vadose Zone 
Inventories. The RPP-32681 process involves reviewing and updating of tank leak estimates, 
single-shell tank (SST) leak and unplanned release volumes, and inventory estimates as emergent 
field data are obtained. The assessment concluded tank AX-104 may not have leaked and 
recommended reassessing the integrity designation for the tank (RPP-ENV-37956, Hanford A 
and AX-Farm Leak Assessments Report: 241-A-103, 241-A-104, 241-A-105, 241-SX-102, 241-
AX-104 and Unplanned Waste Releases). 

The report is organized as follows: Section 2.0 describes the assessment method used; 
Section 3.0 provides a brief summary of tank design and history; Section 4.0 summarizes past 
leak evaluations; Sections 5.0 and 6.0 present in-tank monitoring surface level data and ex-tank 
data; Section 7.0 shows the leak and non-leak hypotheses for the tank and Section 8.0 
summarizes assessment observations and results. Meeting minutes and elicitation leak 
probability evaluations are included as Appendices A and B, respectively. 

1-1 
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2.0 TANK INTEGRITY ASSESSMENT METHOD 

The TFC-ENG-CHEM-D-42 leak assessment process to assess tank integrity 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 can be found in HNF-3747, Tank Leak 
Assessment Technical Background. For each step a description of the process, products, and 
responsibilities is provided. 

The assessment team consisted of a panel of experienced engineers and managers to review the 
tank AX-104 historical data and re-evaluate the basis for declaring the tank an "Assumed 
Leaker." The panel consisted of J. G. Field, (Assessment Coordinator, Base Operations Process 
Engineering); D. G. Baide (Manager, Tank Farm Projects Engineering), N. W. Kirch (Manager, 
Base Operations Process Engineering), D. W. Strasser (Manager, A/AX.JAY/AZ Farm Team), 
C. L. Girardot (Process Engineer, Tank and Pipeline Integrity), K. J. Hull (System Engineer, 
Electrical/ Area/242A-Evap Engineering), J. S. Schofield (Consultant, Tank and Pipeline 
Integrity), D. G. Harlow (Consultant, Tank and Pipeline Integrity); and D. J. Washenfelder 
(Consultant, Tank and Pipeline Integrity). The team met between June 4 and June 26, 2014 to 
gather and review information, develop the Leak and Non-Leak Hypotheses, and reach a 
consensus leak integrity recommendation for tank AX-I 04. 

2-1 
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3.0 TANK DESCRIPTION AND HISTORY 

Tank 241-AX-104 (tank AX-104) is a one million gallon capacity, 75-foot diameter, mild steel­
lined concrete shell tank located in the southeast comer of the four-tank 241-AX Tank Farm. 
The tanks in the 241-AX Tank farm were designed to contain liquid and solid wastes at a 
maximum temperature of 350°F. Each tank contains a network of drain slots in the concrete 
base immediately below the carbon steel liner. The drain network is connected to a 24-inch, 
60-foot deep leak detection pit, equipped to monitor tank leaks. 

An underground 20-inch vent line from each of the 241-AX tanks connects to a 24-inch vapor 
exhaust header that runs to the 241-AX-152 diverter station, then to a tie-in with the 241-A Tank 
Farm vent header, then on to the ventilation system at 241-A-702 Building. The ventilation 
system provided for the removal of off-gas and water vapor from the boiling waste tanks. 

The tank was placed into service in 1965, and continued to receive and store waste until 
August, 1978 when it was removed from service. The tank was classified as having questionable 
integrity in August 1978 based on radioactivity detected in drywell 11-04-08. The source of the 
radioactivity could not be determined, but a leak from tank AX-104 was identified as a possible 
source. 

Tank AX-104 received PUREX Plant waste from 1965 to 1969. The tank also received high­
activity waste from 221-B Plant in 1969. Supernatant was transferred out of tank AX-104 in 
1970 and again in 1972. Tank AX-104 was then refilled with PUREX sludge supernatant (PSS) 
from SST A-102 from October 1972 through March 1973. Tank AX-104 also received PSS 
from sluicing tank A-104 in September 1974 and PSS from sluicing tank A-103 in the second 
quarter of FY 1976. The PSS was transferred from SST AX-104 in February 1977 for cesium 
ion exchange processing in the 221-B Plant and to prepare the tank for sluicing. The sludge in 
SST AX-104 was sluiced from March 31 , 1977 through April 20, 1978. During sluicing, no 
increased radiation was reported to have been detected in the leak detection pit for tank AX-104 
(See Figure 3-1). 

The tank was classified as having questionable integrity in August 1978 based on radioactivity 
detected in drywell 11-04-08. The tank was declared interim stabilized on August 10, 1981 
based on a review of tank photographs. The four valve and service pit drain lines connecting to 
the tank were removed during August 1981 to prevent water intrusion 

Tank AX-104 currently holds 5 to 7.5 kgal of dry sludge and no free supernatant 
(RPP-RPT-42918, 2009 Auto-TCRfor Tank 241-AX-104). 

The tank was equipped for liquid level monitoring initially with a manual tape. An ENRAF® 
surface level instrument is currently deployed for water intrusion detection. There is no liquid 
observation well. The tank is passively ventilated. 

Additional descriptions and history for tank AX-104 are presented in RPP-ENV-37956 and 
referenced reports. 

3-1 
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Figure 3-1. Tank AX-104 Operational Timeline (1965-1981) 
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4.0 PAST LEAK ASSESSMENTS 

Tank AX- I 04 was designated a questionable integrity tank and was removed from active service 
in August 1978 as a result of the radioactivity detected in drywell 11-04-08 (Figure 4-1 ). The 
strongest gamma radiation signal was detected due east, toward tank AX-104, which led 
personnel in 1978 to suspect the integrity of the tank (Routson, Letter 60110-78-019, "Probable 
Source of Activity Detected in Well 11-04-08," In: HNF-4872, Single-Shell Tank History 
Compilation, Vol. II, ref 6) . The tank was designated an assumed leaker in 1988 (HNF-EP-
0182). 

The following observations and conclusions are documented in RPP-ENV-37956. 

No increase in radiation was detected in the leak detection pit or drywells associated with this 
tank that was attributed to a tank leak; however, an increase in radiation above background 
reaching a peak of247 cps at 64-ft bgs was observed in drywell 11-04-08 in November 1977. 
The increase in radiation began in May 1976, but did not exceed background levels until August 
1976. The radioactivity in this drywell had decreased to 204 cps on March 8, 1978, but then 
began to increase again reaching 287 cps on April 19, 1978 (OR 77-202, Radiation Peak in Dry 
Well 11-04-08 Exceeding Increase Criterion). Tank AX-104 was receiving PSS solution and 
sludge from final cleanout of tank AX-103 during the second quarter of FY 1976 through 
December 1976, and was actively being sluiced from March 31, 1977 through November 5, 1977 
and March 2, 1978 through April 20, 1978. 

A new drywell, 11-04-19, was installed in March 1978 to further investigate the potential for 
tank AX- I 04 to have leaked waste. Drywell 11-04-19 is situated between drywells 11-04-08 and 
11-04-07 and is closer to tank AX-I 04. Initially, the radioactivity detected in drywell 11-04-19 
was less than the detection limit of 50 cps (WHC-SD-WM-TI-356 page 11-04-10). RPP-8821, 
Analysis and Summary Report of Historical Dry Well Gamma Logs for the 214-AX Tank Farm -
200 East, page 40, shows that the radioactivity in drywell 11-04-19 increased in 1978 and then 
rapidly decreased following a Ru-I 06 decay curve. 

The cause for the increased radiation detected in drywell 11-04-08 could not be determined . The 
strongest source of the radiation detected in drywell 11-04-08 was determined to be due east, 
towf!rd tank AX- I 04. The radioactivity detected in drywell 11-04-08 was subsequently 
correlated to ruthenium-I 06 decay rate (RPP-8821 pages 18-21 ). 

Drywells nearby tank AX-104 currently do not show any significant contamination associated 
with a tank leak (GJO-97-14-TAR/GJ-HAN-12, Vadose Zone Characterization Project and the 
Hanford Tank Farms, AX Tank Farm Report). Migration of 137Cs contamination down the inside 
or outside of the drywell casing is suspected to have affected the distribution of some of the 
contamination detected in the drywells. 

The Field Investigation Report for Waste Management Areas C and A-AX (RPP-35484) states 
the following: 

4-1 
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Figure 4-1. 241-AX Tank Farm Drywells 
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Reference: GJ-HAN-52, Vadose Zone Characterization Project and the Hanford Tank Farms, 
Tank Summary Data Report for Tank AX-104. 

Note: Blue shading shows tanks previously designated "assumed leakers" 

"Elevated gross gamma levels are reported in the first measurements taken at drywell 
11-04-11 in January 1975 (1 ,490 c/s at 25 ft bgs, 255 c/s at 39 ft bgs, and 950 c/s at 64 ft 
bgs), suggesting the presence of pre-existing contamination. The higher level counts 
diminished rapidly thereafter to near detection limit levels by late 1978. A similar profile 
was also observed at nearby drywell 11-04-01 . In this drywell, maximum levels were 
found in one depth interval between 15 and 40 ft bgs, and maximum values of nearly 
8,000 els suggest that this drywell was closer to the source of leakage. Given the 
relatively rapid decrease in gross gamma levels shorter-lived radionuclides ( e.g., 106Ru) 
are likely the ~rimary radiation producers. Recent spectral gamma analyses show only 
measurable 13 Cs concentration near the surface, which may be related to these losses or 
some other near-surface release. As with tank AX-102, analysts concluded that the 
source of this waste release was part of the buried 20-in. vapor line and vessel vent 
header system. [This conclusion is based on information presented in Occurrence Report 
75-47, Increasing Dry Well Radiation Adjacent to Tank 104-AX]. 

Two other drywells indicated elevated gross gamma contamination around tank AX-104. 
In drywell 11-04-08, elevated gross gamma measurements (up to 350 c/s) were taken in 
1977 and 1978 between 60 and 65 ft bgs. A reduction by half within a year's time 
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suggests that ruthenium- I 06 was the primary contributor. Whether this observation 
indicates a continuation of waste migration from the same source affecting 
drywells 11-04-01 and 11-04-11 is not clear, though the timing and radiation levels are 
consistent with that hypothesis. On the other hand, no indications of elevated gross 
gamma activity were observed at drywell 11-04-10, which is located between 
drywell 11-04-08 and the other drywells. A migration path that bypassed 
drywell 11-04-10 appears problematic. Drywell 11-04-10 is also notable for an 
apparently independent near-surface waste spill. Unlike the other drywells around 
tank AX-104, mid 1990s spectral gamma data analyses for drywell 11-04-10 show 137Cs 
peaks at approximately 5 ft bgs, accompanied by 6°Co and 154Eu peaks in the same 
location." 

In 2008 the RPP-32681 leak inventory assessment team concluded that it is doubtful that PSS 
waste actually leaked from tank AX-104 since the leak detection pit and drywells associated with 
this tank do not show the level of radiation that is normally associated with a tank waste loss . 
The likely source of radioactivity detected historically in drywells 11-04-01 and 11-04-11 is the 
leaking Dresser coupling associated with the tank off-gas piping. The source of the historical 
106Ru radioactivity detected in drywells 11-04-08 can' t be defmitively determined, but it could be 
from migration of contamination associated with the Dresser coupling leaks in this tank farm or 
nearby condensate lines which may have leaked. Ruthenium is known to readily migrate 
through Hanford soils. 

The leak inventory assessment team recommended that HNF-EP-0182 be revised to indicate that 
there is no basis to assign a leak loss volume or inventory for tank AX-104. In the 2008 
assessment, participants could not conclude whether tank AX-104 lost integrity. However, 
because the tank has been sluiced and remaining residuals are thermally ''hot," participants 
believed that tank AX-104 was not a likely candidate for sluicing regardless of whether it has 
lost integrity, and an integrity analysis was not recommended. Upon reassessing the leak 
inventory for tank AX-104 and based upon the tank AX-102 integrity assessment and observed 
similarities with tank AX-104, an integrity assessment for tank AX-104 was initiated after 
swabbing the AX farm leak detection pits and reviewing sample results. 

A formal assessment was conducted in accordance with TFC-ENG-CHEM-D-42. The 
Tank AX-104 Leak Assessment Team reviewed and discussed the RPP-ENV-37956 report . 
The following sections present data discussed for the tank AX-104 integrity assessment and 
evaluations of the data. 

Tank AX-104 integrity leak assessment meeting minutes are presented in Appendix A 
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5.0 IN-TANK DATA 

5.1 SURFACE LEVEL BEHAVIOR 

Tank liquid level measurements before 1973 were not available, other than from the transfer data 
in waste process reports. Table 5-1 shows liquid level measurements from 6/1973 to 12/1986 
(WHC-SD-WM-TI-356, Waste Storage Tank Status and Leak Detection Criteria). Figure 5-1 
shows surveillance analysis computer system waste level data for tank AX-I 04 from 1980 to 
2014. There was no unexplained liquid level decrease in this tank attributed to a tank leak. 
Occurrence Report 77-19, Liquid Level Decrease Exceeding Action Criteria was issued for a 
liquid level decrease in January 1977 exceeding the action level criteria of 1. 00 inch decrease in 
72 hours. Occurrence Report 77-19 notes that a filter was installed on 1/26/77 in a six inch tank 
riser to improve air cooling in the tank. This action increased the evaporation rate in excess of 
criteria. 

5.2 IN-TANK PHOTOGRAPHS 

HNF-SD-RE-TI-178, Single-Shell Tank Interim Stabilization Record, reports that photographs 
taken on May 14, 1981 show a series of corrugation ridges in the tank bottom liner and no 
discernable liquid pools. In addition, areas of mounded dry sludge were seen at random 
locations about the tank. A discrepancy due the irregularity of the surface was noted between 
the measured liquid level in Riser 9E and the solids level in Riser 1 B. 

However, a tank composite photograph taken on August 11 , 1987 (Figure 5-2) does not show 
the reported ridges or tank bottom buckling pattern. The entire tank bottom is visible in the 
August 11 , 1987 photograph, which shows weld plates for the airlift circulators and a small 
amount of sludge and a sludge swirl pattern. 
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Table 5-1. Tank 241-AX-104 Liquid Level Measurements and Changes 
(1973 to 1986) 

Liquid Change from Cumulative 
Date level Baseline previous change Corrments 

{in.) ref. reading ( 1n.) ( in.) 

06/18/73 37.50 0.00 Manual tape 
07/16/73 36.75 -0.75 -0.75 Steady decrease 
07/17/73 38.00 -0.75 Transfer 
07 /30/73 37.50 -0.50 -1.25 Ne'# tape insta l led 
08/03/73 37.25 -0.25 -1.50 Steady decrease 
11/09/73 42.00 -1.50 Transfer 
12/03/73 38.00 -4.00 -5.50 Steady decrease 
12/19/73 42.50 +4.50 -1.00 Steady increase 
01/05/74 48.75 -1.00 Transfers 
01/22/74 46.00 - 2.75 - 3.75 Steady decrease 
02/01/74 50.00 -3.75 Transfers 
07/08/74 40 .00 -10.00 -13.75 Steady decrease 
08/10/74 282.25 -13.75 Transfers 
04/30/75 248.00 -13.75 Steady decrease 

evaporation 
05/01/75 246.80 -13.75 FIC instal led 
03/10/76 185.15 -13.75 Steady decrease/ 

associated with 
evaporat ion 

03/26/76 129.15 - 13.75 Transfers 
04/13/76 125.85 - 13.75 Steady decrease/ 

evaporat ion 
04/24/76 132.70 - 13.75 Transfers 
09/08/76 102.35 -13.75 Steady decrease/ 

evaporat ion 
03/03/77 58.65 -13 . 75 Transfers 
03/28/77 52.15 - 13.75 Steady decrease/ 

evaporat ion 
08/24/77 7 .10 -13. 75 Sluici ng and transfers 
09/23/77 3.15 - 13.75 Steady decrease/ 

evaporat ion. now using 
manua 1 tape 

11/07/77 11.50 -13.75 Sluici ng and transfers 
12/04/77 10.00 -13.75 Steady decrease/ 

evaporat ion 
12/05/77 10.50 -13.75 Water a.dded--

c1 rcu 1 a.tors 
01/23/78 9.00 - 13.75 Steady decrease/ 

evaporation 
02/02/78 11.70 -13.75 Now using FIC gage 
02/28/78 10.90 - 13.75 S1ow decrease/ 

evaporation 
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Table 5-1. Tank 241-AX-104 Liquid Level Measurements and Changes 
(1973 to 1986) 

Liquid Change from Cumulative Baseline previous Date level ref. reading change Conments 
( 1 n.) (in.} (in.) 

04/26/78 5.60 - 13.75 Sluicing and transfers 
05/08/78 5.00 -0.60 - 14.35 Steady decrease 
05/11/78 1.70 -14.35 Transfers 
05/24/78 1.20 -0.50 -14.85 Slow decrease 
06/06/78 3.70 - 14.85 Transfer and leaking 

valve 
11/10/78 · 0.80 -14.85 Slow decrease/ 

evaporation 
03/11/79 1.40 +0.60 -14.25 Erratic readings 
03/16/79 2.50 -14.25 Leak i n AX-B pit 
07/2.9/79 1.00 -14.25 Slow decrease/ 

evaporat1on 
07 /30/79 -14.25 FIC o/s 
01 /31/79 2.00 -14.25 Manual tape instal l ed 
r:B/05/79 2.50 +o,50 -13.75 Slow increase 
12/10/80 2.50 -13.75 Stable 
12/12/81 2.50 - 13.75 Stable 
10/07/82 2.50 -13.75 Stable 
12/12/82 1.50 -13.75 Readings fluctuate 

between 1.50 and 
2.50 in. 

11/07/83 2.25 -13.75 New MT installed 
12/12/83 2.75 -+0.50 -13.25 Stable 
10/04/84 2.25 -0.50 -13.75 Stable 
10/04/85 2.50 +0.50 -13.50 Stable 
10/01/86 2.50 - 13.50 Stable 

Reference: WHC-SD-WM-TI-356, Waste Storage Tank Status and leak Detection Criteria. 
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Figure 5-1. Tank 241-AX-104 Waste Surface Level Measurements 
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Figure 5-2. 241-AX-104 Composite Photograph -1987 
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Reference: WHC-SD-WM-ER-349, Historical Tank Content Estimate for the Northeast 
Quadrant of the Hanford 200 East Area. · 
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Tank AX-104 is a high heat tank currently monitored by a single thermocouple tree located in 
Riser 9C. Temperature data were found for tank AX-104 from 1966 to present. Figure 
5-3shows temperature data from 1966 to 1971 and Figure 5-4 shows temperature data at several 
elevations near the bottom of the tank from 1976 to 2010. 

The waste temperature in tank AX-104 began to increase from ~260 °Fin September 1969 
to ~340 °F in May 1970 (RHO-CD-1172, Survey of the Single-Shell Tank Thermal Histories, 
page B-57), which is above the maximum operating limit of300 °F. The waste temperature 
had been between 260 to 280 °F for ~3 years. Air flow to the airlift circulators was adjusted and 
the temperature of the sludge was reduced in all but one location below the operating limit of 
150 °C (300 °F) ; the eastern periphery of the tank reached 158 °C ( ~316 °F) in February 1970 
(PR-REPORT FEB70, Monthly Status and Progress Report, February 1970, page AV-3). By 
March 1970 the maximum temperature in the tank had reached 213 °C (~415 °F) and the 
temperature was increasing at a rate of 2 to 3 °C per day. Two other peripheral temperatures 
also exceeded the operational limit of 150 °C. "The localized hot spots near the tank sidewall 
did not cause the sidewall differential temperatures to exceed the operational limit of 17 °C per 
foot of concrete" (PR-REPORT MAR70, Monthly Status and Progress Report, March 1970, 
page AIV-5) . Supernatant was transferred and water added to the tank in an effort to reduce the 
temperature. 

The maximum temperature in the tank AX-104 sludge continued to rise after the dilution and 
reached a maximum of225 °C (~437°F) in April 1970 (PR-REPORT APR70, Monthly Status 
and Progress Report, April 1970, page AIV-5). The sludge temperature then began to increase 
again and reached 233 °C (~451 °F) in the western sector of the tank periphery in May 1970 
(PR-REPORT MA Y70, Monthly Status and Progress Report, may 1970, page AIV-6) . This 
prompted transfer of an additional 198,000 gal of supernatant (~20% of total) from SST AX-104 
to A-101 and 195,000 gal of water at 65 °C were added to SST AX-104 to reduce the sludge 
temperature (PR-REPORT MA Y70 page AIV-6 and ARH-1666 B, Chemical Processing 
Division Waste Status Summary 04/01/1970 thru 06/30/1970, page 10). The calculated sodium 
molarity in SST AX-104 was only 3M following this transfer. The maximum temperature across 
the concrete wall of the tank exceeded the recommended operational limit. Excessive 
differential temperatures across the concrete wall of the tank can lead to cracking of the concrete. 

The dilution of tank AX-104 waste in May 1970 resulted in a gradual decrease in tank 
temperature. No additional waste or water additions to tank AX-104 were reported again until 
September 1972. 

Additional temperature data was not available until October 1976. Between February 1977 and 
January 1978 a rapid decrease in the waste temperature was observed due to transfer liquids and 
final sluicing of the tank during this period. 
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Figure 5-3. AX-104 Temperature, 1966-71 
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Figure 5-4. AX-104 Temperature, 1976-2010 
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6.0 EX-TANK DATA 

There are two ex-tank leak detection systems installed for tank AX-104: drywells in the soil 
surrounding the tank, and a leak detection pit connected to a system of drain slots built into the 
concrete foundation of tank AX-104. 

6.1 OCCURRENCE REPORTS 

Several occurrence reports were issued for increased radiation in drywells near tank AX-104. 
In April 197 5, Occurrence Report 7 5-4 7 reported increased radiation in drywell 11-04-11 (later 
reports determined 11-04-11 is a typo; should be 11-04-01) at the 40 ft level since the drywell 
was drilled in January 1975. The report states that neither the tank liquid level nor leak detection 
pit liquid level or radiation monitoring give any indications of a tank leak. The source of the 
radiation around the drywell was not identified. Occurrence Report 75-47 noted that past 
experience had shown shallow contamination to be the result of failed transfer lines, surface 
spills or other direct buried facility features . The OR also states "action taken to attempt sealing 
leaky vapor header will determine further action." 

In January 1976, Occurrence Report 76-08, Radiation Increase Monitored by Tank Dry Well, 
was issued for a gradual increase in the radiation peak at 32 ft BGS in drywell 11-04-01. The 
report states that "the increased radiation is considered normal migration of radionuclides 
transported by the unusually high moisture content in the ground. A program is being 
implemented to prevent further contamination leakage from the exhaust header system. " The 
report also suggests that the vapor header leak was a past leak, and "corrective action is planned 
if and when vapor header exhaust gives evidence of renewed leakage." Occurrence Report 76-
59, Increase in Dry Well Radiation Exceeding Action Criteria, issued in April 1976, notes that 
the exhaust header is located at a depth of 10 ft and ~ 10-15 ft from drywell 11-04-01. 
WHC-SD-WM-TI-356 states "through subsequent investigation the source of the contamination 
has been determined to be the tank 's 20-in vapor line at points above the tank and at the line tied 
into the 24-in vessel vent header" (Figure 6-1 ). 

On November 11 , 1977 Occurrence Report 77-202 was issued when drywell 11-04-08 was 
observed to have an increase in radiation above background reaching a peak of 247 c/s at 64-ft 
bgs. The increase in radiation began in May 1976, but did not exceed background levels until 
August 1976. The radioactivity in this drywell decreased to 204 c/s on March 8, 1978, but then 
began to increase again reaching 287 c/s on April 19, 1978. Four possible sources of radiation 
were investigated: 1) A Dresser coupling leak in the exhaust header system between tanks 
AX-103 and AX-104 (See Figure 6-1), 2). Leak in the tankAX-102 to tank AX-103 exhaust 
header system, 3) Process piping leak south of tank AX-104, 4) a leak in tank AX-104. A 
specific apparent cause was not determined at that time and the normal surveillance of the tank 
continued. 
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Figure 6-1. 241-AX Tank Farm Ventilation System Plan 
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Two of three auger sample locations found highly contaminated soil at a depth of IO-feet. One 
location was on top of tank AX-104 at the first Dresser coupling off of the tank vapor exhaust 
line. The second location was at the intersection of the 20-inch vapor exhaust lines from tanks 
AX -101 and AX- I 02 with the 24-inch main header. From this junction the main vapor exhaust 
header proceeds to an intersection with the 20-inch vapor exhaust lines from tanks AX-103 and 
AX-104, and then on a tie-in with the 241-A tank farm vent system. The third location, on the 
tank AX-102 branch of the vapor exhaust line, found no evidence of leakage (see Figure 6-1). 

It should be noted that tank AX-104 began receiving high level waste beginning 
September, 1965 and reached boiling temperature in April, 1969. The vapor exhaust system 
would have contained some condensed vapors as well as radionuclides that had become 
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entrained in the vapor as it was removed from the tank throughout this period, to the time when 
drywell 11-02-11 was first monitored and the Ru-106 contamination found at 55-feet in 1975. 

The quantity of condensate and radionuclides is dependent on the temperature of the stored 
wastes, relative volatility of the radionuclides and other factors . Waste temperatures for the 
period May, 1969 - September, 1971 indicate the tank was at or near boiling temperature 
(RHO-CD-1172). 

Drawings H-2-44618, Direct Buried Piping Plan Tks 101 & 102 AX H-2-44619, Direct Buried 
Piping Plan Tks 103 & 104 AX, and H-2-44620, Direct Buried Piping Plan 241-AX-152 Area, 
show that the 24-in vapor exhaust line and the branch lines to the individual tanks sloped down 
toward tanks AX-101 and AX-102. Any condensate formed in the 24-inch vapor exhaust line 
would have gutter-flowed back into these two tanks, continuously wetting the lower parts of the 
Dresser couplings. 

A detailed review of the same drawings also suggests that the Dresser couplings were utilized to 
compensate for some slight elevation differences between vent piping sections, adding a 
potential strain on the coupling seal or forming low spots where condensate could accumulate . 

6.2 DRYWELL LOGGING DATA 

Eight drywells surround tank AX-104 (11-04-01 , 11-02-10, 11-04-05, 11-04-07, 11-04-19, 
11-04-08, 10-04-10 and 11-04-11) (Figure 6-2). Until 1975, gross gamma ray 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 ray logs were captured utilizing several 
types of detectors. Gross gamma logs were collected from these drywells until mid-1994. In 
1996 spectral gamma logging data was collected. 

Table 6-1 and Table 6-2 provide information about the tank AX- I 04 drywell construction and 
location with respect to the tank. 
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Figure 6-2. 241-AX Tank Farm Drywells 
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Note: Blue shading shows tanks currently designated "asswned leakers" 

Table 6-1. Tank AX-104 Drywell Construction 

Initial Hanford Coordinates 

Drywell Drilling Depth-ft North · West 

11-04-01 12/31/1974 100 41672 47547 

11-02-10 2/28/1975 100 41644 47519 

11-04-05 2/28/1975 100 41583 47544 

11-04-07 3/31/1975 96 41588 47586 

11-04-19 3/31/1978 125 41591 47588 

11-04-08 2/28/1975 100 41605 47604 

11-04-10 3/3111975 100 41650 47612 

11-04-11 1131/1975 125 41672 47581 

Tank AX-104 NIA NIA 41629 47565 

104-AX Leak Detection Pit NIA 60 41669.5 47605.5 
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Table 6-2. Distance from Selected Tank AX-104 Drywells 
to Tank Features 

From To 

Drywell Tank Sidewall - ft Tank Footing Edge - ft 

11-04-01 7.07 

11-02-10 8.84 

11-04-05 11.03 

11-04-07 6.52 

11-04-19 4.88 

11-04-08 6.25 

11 -04-10 11.94 

11-04-11 6.36 

Leak Detection Pit 17.5 

References: 

Mactec - ers Log Data Reports 

H-2-44562, Stn1ctural Waste Storage tanks Composite Section & Details 

H-2-36935, Wells in 241-AX Farm As Built, 

3.07 

4.86 

7.03 

2.53 

0.88 

2.25 

7.94 

2.34 

13.7 

Drywell 11-02-08 is not listed in Table 6-1 because it was used for only one and a half months in 
1975 before being capped due to construction interference. 

Historical gross gamma logs for the period 1975 - 1994 are presented in Figure 6-3 through 
Figure 6-5 for the three drywells indicating radiation changes during the period ( drywells 11-04-
01, 11-04-08, and 11-04-11 ). The primary indication of tank waste loss occurred in April 1975, 
when increased gross gamma levels at 40 ft bgs were noticed at drywell 11-04-11 . Welty 
(WHC-SD-WM-TI-356) reported elevated gross gamma levels in the first measurements taken at 
this drywell in January 1975 (1,490 els at 25 ft bgs, 255 els at 39 ft bgs, and 950 els at 64 ft bgs), 
suggesting the presence of pre-existing contamination. The higher level counts diminished 
rapidly thereafter to near detection limit levels by late 1978 (Figure 6-6) . A similar profile was 
observed at nearby drywell 11-04-01 . In this drywell, maximum levels were found in one depth 
interval between 15 and 40 ft bgs, and maximum values of nearly 8,000 els suggest that this 
drywell was closer to the source ofleakage. 

Drywell 11-04-08 also indicated elevated gross gamma contamination around tank AX-104. 
Elevated gross gamma measurements (up to 350 els) were taken in 1977 and 1978 between 
60 and 65 ft bgs. The increased activity in borehole 11-04-08 resulted in an investigation into 
the probable source of the contamination. Directional logging probes were run in borehole 
11-04-08 in an apparent attempt to determine the source of the contamination. The direction of 
highest activity was from the east, and the gamma-emitting contaminatio·n was identified as 
Ru-106. 

A new drywell, 11-04-19, was installed to investigate the potential for tank AX- I 04 to have 
leaked waste. Drywell 11-04-19 is situated between drywells 11-04-08 and 11-04-07 and is 
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closer to tank AX-104. Between 1978 and 1986 <50 c/s of radioactivity was detected in the well 
(WHC-SD-WM-TI-356 page 11-04-10) (Figure 6-7). 

Figure 6-3. Drywell 11-04-01 Historical Gross Gamma Logs 
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Figure 6-4. Drywell 11-04-08 Historical Gross Gamma Logs 
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Figure 6-5. Drywell 11-04-11 Historical Gross Gamma Logs 
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Figure 6-6. Historical Gamma Logging Results for Drywell 11-04-11. 
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Figure 6-7. Drywell 11-04-19 Historical Gross Gamma Logs 
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Figure 6-8 shows the 1996 SGLS results for these drywells. The SGLS results are discussed in 
GJ-HAN-52, Vadose Zone Characterization Project at the Hanford Tank Farms, Tank Summary 
Data Report/or TankAX-104 . 

Drywells nearby tank AX-104 currently do not show any significant contamination associated 
with a tank leak, as shown in Figure 6-8. Migration of 137Cs contamination down the inside or 
outside of the drywell casing is suspected to have affected the distribution of some of the 
contamination detected in the drywells. Much of the bias of the drywell log data that is due to 
drywell migration effects was removed from the surveys and is designated as "removed" in 
Figure 6-8. 
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Figure 6-8. 1996 Spectral Gamma Logging Results for Drywells near Tank 241-AX-104. 
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Reference: GJ-HAN-12, Vadose Zone Characterization Project at The Hanford Tank Farms, 
AX Tank Farms Report. 
Note: Maximum value of log scales shown is 1,000 pCi/g. 
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Figure 6-8. 1996 Spectral Gamma Logging Results for Drywells near Tank 241-AX-104 
(Cont.). 
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6.3 LEAK DETECTION PITS 

In addition to drywell data, AX farm has leak detection pits (LDPs) as described in Section 3 .0. 
The tank AX-104 LDP is located 45 degrees west of north at ~57 ft from the center of the tank. 
Both surface level and radiation measurements are available from the LDPs. Table 6-3 shows 
liquid and radiation levels in the tank AX-104 LDP from 1973 to 1986 and Figure 6-9 shows 
liquid levels in the leak detection pit in 1995 and from 2000 to 2006 based on weight factor 
measurements. The tank AX-104 LDP monitoring was discontinued after April 2006. The 
liquid level spike shown in Figure 6-9 in 2004 appears to be an anomaly. 

Swab samples were obtained from the AX farm LDPs in May, 2014. Wet samples were scanned 
for gross gamma and gross alpha radioactivity, and then air dried and rescanned to determine any 
shielding effects from sample moisture. Table 6-4 shows swab sample results (see Appendix A.1 
June 5, 2014 Meeting Minutes, Attachment 4). 

Although gamma activity was detected in the tank AX-I 04 LDP, I 000 cpm is well below the 
level of radioactivity that would be expected for a leak from tank AX-104. The waste in tank 
AX-104 currently contains no free liquid, but 1978 liquid samples (TWINS) showed supernatant 
concentrations of ~1.7 Ci/L of 137Cs; ~0.65 Ci/L decayed from 1978 to 2014. Specific activity 
tables (SD-RE-TI-131) show that 0.65 Ci/L of 137Cs is approximately equal to l.4Xl 012 dpm/L 
or ~ l .4Xl 0 11 cpm (I Ci/L of 137Cs = 2.2Xl0 12 dpm/L). The total gamma concentration of 1,000 
c~m from the LDP swab samples was eight orders of magnitude lower than the concentration of 
1 7 Cs in tank AX-104 liquids in 1978. It is clear from the radiation measurements that tank waste 
had never accumulated in the LDP. 

6-12 

38 of 133 



RPP-ASMT-57574 9/10/20 14 - 11 :05 AM 

RPP-ASMT-57574, Rev. 0 

Table 6-3. AX-104 Leak Detection Pit Liquid 
and Radiation Levels (1973-1986) 

Date 

06/15/73 
09/15/73 
12/15/73 
04/15/74 
05/15/74 
06/15/74 
07/15/74 
08/15/74 
09/15/74 
10/15/74 
11/15/74 
12/15/74 
01/15/75 
02/15/75 
03/15/75 
04/15/75 
05/15/75 
06/15/75 
07/15/75 
08/15/75 
08/25/75 
09/21/75 
12/18/75 
12/28/75 
01/08/76 
03/31/76 
04/26/76 
05/26/76 
06/26/76 
09/15/76 
10/29/76 
11/03/76 
12/05/76 

Liquid 
level 
( i n.) 

24 
24 
24 
24 
23 
23 
22.8. 
21.1 
20.7 
21.1 
21.1 
20.7 
21.l 
20.7 
20.7 
21.1 
20.7 
20.7 
21.l 
21.1 
21.6 
21. l 
21.6 
21.1 
21.6 
21.0 
22.0 
22.5 
21.0 
21.5 
16.0 
16.0 
15.0 

6-13 

Radiation 
level 

(c/min) 

300 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Table 6-3. AX-104 Leak Detection Pit Liquid 
and Radiation Levels (1973-1986) 

Liquid level 

Date Weight Radiat ion level Comments 
Gage factor (c/111in) 

(1n.) 

12/27/76 14.0 0 LL slow decrease 
12/28/76 4.8 0.0 <40 Radiation pen jumping 
12/29/76 4.9 0.0 1 
12/30/76 5.0 21.0 1 to 4 Radiation pen erratic 
12/30/76 5.0 21.0 <30 Radiation pen erratic 
01/05/77 16.5 B to 20 LL decrease 
01/06/77 4.9 0.0 8 
01/07/77 4.9 20.0 10 
07/09/77 4.5 17.0 1 to 25 LL very slow decrease 
10/26/77 0.0 o.o Oto 30 LL steady decrease 
03/02/78 o.o 0.0 2 to 60 LL stable at O in., 

rad1at1on erratic 
03/03/78 o.o o.o 580 Radiation increase 
03/29/78 o.o 0.0 500 Stable 
03/30/78 0.0 0.0 800 Radiation increase 
12/20/78 0.0 0.0 850 Radiation varies 600 to 

1,000 c/min 
08/21/79 1.0 6.5 100 Water added 
12/31/79 1.0 2.0 107 Stable 
12/11/80 0.8 1.5 200 LL slow decrease 
01/25/81 0.0 o.o 400 LL steady decrease, 

radiation increase 
01/27/81 1.5 6.5 80 Water added 
02/25/81 1.0 3.0 150 LL steady decrease, 

rad1at1on increase 
02/26/81 2.5 10.5 100 Water added 
05/13/81 0.5 0.0 3 LL steady decrease, 

radiation increase 
05/14/81 2.2 9.0 120 Water added 
09/23/81 o.o 0.0 300 LL steady decrease. 

radiation increase 
09/24/81 2.5 10.0 200 Water adde<I 
01/13/82 1.0 1.0 100 LL steady decrease, 

rad iation stable 
01/14/82 3.0 12.5 90 Water adde<I 
04/18/82 3.0 8.5 100 LL stable, radiation 

stable 
12/12/82 3.5 17 .o 90 Readings vary from 0.3 

to 3.8 in. due to 
evaporation, water 
add1t1ons, and rain. 
Radiation stable 
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Table 6-3. AX-104 Leak Detection Pit Liquid 
and Radiation Levels (1973-1986) 

Liquid level 

Date We ight Rad iation level Co11111ents 
Gage factor (c/min) 

( 1n.) 

03/25/83 9.5 30.0 140 Ra1n, radiation stable 
03/29/83 0.5 0.0 120 Pumped 
07/01/83 4.8 18.0 100 Added water 
07/21/83 4.8 18.0 160 Stable 
07/26/83 1. 0 1.5 70 Bai led out 
08/25/83 2.1 10.0 100 Added water 
12/12/83 3.5 16.0 100 LL increase/radiation 

stable 
02/04/84 2.0 3.2 100 Pumped 
07/25/84 2.5 6.0 120 LL increase 
07/26/84 0.0 0.0 100 Instrument cal ibrat ion 
10/20/84 1.0 3.0 80 Water added 
11/14/84 1.2 4.0 95 LL slow increase 
02/19/85 3.8 16.0 60 Ll slow increase 
02/20/85 1.1 4.4 65 Pumped 
08/19/85 2.0 8.0 55 LL erratic increase 
10/24/85 0.5 3.0 50 LL erratic decrease 
10/27/85 1.5 7.5 50 Water added 
11/19/85 1.5 7.5 60 Stable 
01/20/86 3.5 18.0 40 Water added 
01/21/86 16.5 18.0 40 New dial gage 
03/07/86 14.0 14.0 50 LL slow decrease 
03/08/86 9.0 9.0 40 Pumped 
05/19/86 14.0 15.0 50 LL slow increase 
05/20/86 3.5 4.0 60 Pumped 
06/22/86 o.o o.o 100 LL slow decrease 
07/08/86 7.0 8.0 40 Water added 
08/20/86 3.0 3.0 60 LL slow decrease 
08/21/86 9.3 9.0 30 Water added 
11/08/86 0.0 0.0 175 LL slow steady decrease 
11/13/86 8.5 9.0 150 Water added 
12/13/86 2.2 2.5 60 LL slow steady decrease 

Table 6-4. Leak Detection Pit Swab Sample Results 

TankLDP Wet Sample (cpm) Dry Sample (cpm) 

fly (l fly (l 

AX-101 50 0 250 0 
AX-102 NA NA 50 NIA 
AX-103 50 0 450 0 
AX-104 800 0 1.000 0 

6-15 



RPP-ASMT-57574 9/10/2014 - 11 :05 AM 

RPP-ASMT-57574, Rev. 0 

Figure 6-9. AX-104 Leak Detection Pit Liquid Level (1996 to 2006) 
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6.4 AUGER DRILLING 
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Another soil investigation during the 1975 period involved auger drilling near several of the 
likely failure points on the 241-AX tank farm vapor exhaust system, where the duct sections 
were joined together using Dresser couplings, a type of large diameter compression fitting 
(Figure 6-10). Dresser couplings can be used to compensate for thermal expansion in pipelines, 
and apparently minor section misalignment based on the 241-AX tank farm system construction 
drawings. 

Occurrence Report 75-60 shows that highly contaminated soils were found at a depth of ten feet 
at Auger locations A2 and A3 (Figure 6-10). These locations are in close proximity to Dresser 
couplings which provide piping junctions allowing for expansion/contraction of the pipe. The 
seal is provided by a mechanically energized ring which is compressed by an adjustable flange 
ring to form a seal. Aging and wear have apparently caused the seal to fail. Point A3 is in the 
soil over the dome of tank AX-104. 

Tests were started on evaluating a method of sealing the coupling itself by injecting a tar-based 
sealant around the coupling in-situ. 
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Figure 6-10. Auger Sampling Locations 
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Reference: Occurrence Report 75-60, Increasing Radiation in A Dry Well Adjacent to 102-AX , 
Attachment II 
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7.0 HYPOTHESES 

The leak assessment team developed plausible hypotheses for the observed tank AX-104 
behavior based on the review of in-tank and ex-tank data: 

Leak Hypothesis: 

"The change in radioactivity in drywell 11-04-08 was caused by a leak from tank AX-104." 

No-Leak Hypothesis: 

"The change in radioactivity in dry well 11-04-08 resulted from a source or sources other than a 
tank leak and may include the AX farm ventilation system, transfer line leaks, operations 
releases and/or other sources." 
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8.0 EVALUATION 

The tank AX-104 Leak Assessment team reviewed past assessments and documentation and 
three indicators that could influence a judgment on the leak integrity of tank AX-104. They are 
briefly summarized below. 

8.1 DRYWELL 11-04-08 DATA 

After drywell 11-04-08 was drilled, soil contamination was found during the initial logging of 
the drywell. Ru-106 was identified as the responsible radionuclide; none of the other gamma 
radionuclides present in tank waste were detected . The source is either related to vapor 
condensate leaks from the nearby Dresser coupling or a tank leak. 

Tank AX-104 operated at high boiling temperatures for several years. Radionuclide volatility 
could have carried Ru-106, as well as mes, into the soil column via the Dresser coupling leaks. 
It is possible that the m es could have been preferentially adsorbed to the soil at the upper levels 
of the soil column while the Ru-106 was carried with the moisture plume to lower levels. 
Interestingly, when the drywell was re-logged with the SGLS system in 1995, trace amounts of 
137 Cs were detected in the drywell. By this time, the Ru-I 06 had decayed below the SGLS ' 
detection threshold. 

Routson (Letter 60110-78-019) noted that the two possible sources for increased activity in 
drywell 11-04-08 included a Dresser coupling failure near well 11-04-11 or a leak in tank AX-
104. "If the source was the Dresser coupling break, activity would likely be detected in either 
well 11-04-10 or 11-04-05 which are both clean. In addition a plot of the activity increase 
against time shows two decreases in activity at approximately the same time after a liquid source 
was removed from the tank. In the first case, the tank was pumped in mid-February and the 
activity decrease began about the first of May. In the second case, sluicing stopped in mid­
August and the activity decrease began about mid-November. These time lapses are about what 
can be expected once liquid is removed. Thus the 241-AX-104 would seem to be a more likely 
source of activity." 

Based on the letter from Routson and discussion with the Geological Sciences Unit, Stalos 
concluded "it is highly improbable that the exhaust line leakage could reach the 11-04-08 
drywell without also appearing in the 11-04-10 drywell." (Stalos, 1978, Memo to J .H. Gar brick, 
dated April 24, Tank 104-AX, In: HNF-4872, Vol. II, Ref 7). 

As noted above, RPP-35484 concludes that whether elevated gross gamma measurements of 
106Ru indicates a continuation of waste migration from the same source affecting 
drywells 11-04-01 and 11-04-11 (the Dresser coupling failure) is not clear, "though the timing 
and radiation levels are consistent with that hypothesis . On the other hand, no indications of 
elevated gross gamma activity were observed at drywell 11-04-10, which is located between 
drywell 11-04-08 and the other drywells. A migration path that bypassed drywell 11-04-10 
appears problematic. Drywell 11-04-10 is also notable for an apparently independent 
near-surface waste loss. Unlike the other drywells around tank AX- I 04, 1995 spectral gamma 

8-1 

45 of 133 



RPP-ASMT-57574 9/10/2014 - 11 :05 AM 

RPP-ASMT-57574, Rev. 0 

data analyses show 137 Cs peaks at approximately 5 ft bgs, accompanied by 6°Co and 154Eu peaks 
in the same location." 

The integrity assessment team concurred that based on the location of the Dresser coupling leaks 
near tanks AX-104 (see Figure 6-10), migration to drywell 11-04-08 without by-passing drywells 
11-04-19 or 11-04-10 appears to be infeasible. However, other potential leak sources are closer 
to drywell 11-04-08 including flush pits from two valve pits, a ventilation line about 50 ft west of 
the drywell and a direct buried condensate drain line from tank A Y -102 that passes just to the 
west of drywell 11-04-08 (See Figure 8-1 ). Tank waste losses from the valve and flush pits are 
possible; but as for a tank loss, the gamma activity level from waste losses should be greater than 
the drywell gamma activity observed. Losses from the condensate line or condensate drain line 
from tank A Y -102 are not documented but appear likely, given other condensate leaks and 
provide a viable source for the low activity Ru-106 observed in gamma measurements. 
Although the ventilation line is ~50 ft away, the excavation foundation west of tanks AX-103 
and AX-104 slopes downward to the east, toward the tanks and migration of mobile and short­
lived radionuclides along this path is feasible. It was also noted that ventilation lines were 
encased and supported by concrete beams (Figure 8-2). After being excavated, the soils replaced 
around the beams were likely more loosely compacted than natural background soils, creating an 
enhanced flow path to the excavation base. 

8.2 LEAK DETECTION PIT CONTAMINATION 

The source of the radiation detected in the tank AX-104 LDP has not been verified. Recent pit 
swabs showed total gamma radioactivity levels of ~ 1,000 cpm on dry swab samples from the 
LDP (See Appendix A.l , Meeting Minutes #1 , Attachment 4). The recent total gamma activity 
is essentially the same as historical gamma monitoring results for the LDP. As noted in Section 
6.3, 1,000 cpm is eight orders of magnitude lower than the level of radioactivity that was 
measured in the tank supernatant. The 241-AX tank farm ventilation header was connected to 
the leak detection pit and condensate may have drained back through leaking seal pots to the leak 
detection pit. 

8.3 DRESSER COUPLING LEAK AND AUGER SAMPLES 

Drywell radiation measurements, neutron moisture surveys, and auger drilling samples showed 
that at least two of the Dresser couplings in the ventilation header line leaked. One of the auger 
locations is near a Dresser coupling located over the dome of tank AX-104 (Figure 6-10). 
Auger sample results, occurrence reports, and other evaluations concluded that leaks from the 
Dresser couplings were the source of gamma radioactivity found in drywells 11-04-11 and 
11-04-01 . When the leakage started is not certain, but 106Ru radioactivity was already present in 
the soil at 55 ft bgs in 1975 when the drywells near tank AX-104 were drilled in 1975. By 1975, 
the tanks had been in operation for about 11 years, several at high self-boiling waste 
temperatures. The vapor exhaust system would have already been subjected to very high thermal 
stresses that could have caused the Dresser couplings to leak. The question of what mechanisms 
contributed to the couplings' failure is open to conjecture, but the following mechanisms are 
credible: gasket damage caused by repeated thermal cycling of the vapor exhaust header, 
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9.0 CONCLUSIONS 

The process for assessing the leak status of a tank is designed to estimate a leak probability. 
Probability is defined as a measure of the state of knowledge or belief about the likelihood that 
a specific state of nature ( e.g., a tank has leaked or is leaking) is true. Probability must be 
between O (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 and is typically established at 0.5 that 
the 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) . Then reviews of in-tank data and ex­
tank data are used 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). 

There was 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 AX-I 04 did not leak. Elicitation scores for the probability of a tank AX-I 04 leak ranged 
from p = 0.002 top= 0.04 (See Appendix B). The following general observations were made: 
Liquid level decreases reported in OR 77-19 have been explained and did not appear to be a 
concern in the past; the LDP liquid level continually decreased and should increase for a tank 
leak; radioactivity at drywell 11-04-08 likely didn' t originate from the ventilation header Dresser 
coupling leaks between the tanks and it appears to be too low to be from a tank leak, but appears 
to be consistent with a condensate leak; if the tank leaked, other radionuclides such as 137 Cs or 
6°Co would be expected in spectral gamma scans. A leak from ventilation lines near drywell 11-
04-08, flush pit leaks or surface runoff and migration are viable sources for the Ru-I 06 in 
drywell 11-04-08. 

The recommendation of the leak assessment team is that the integrity status of tank AX-104 be 
changed from "Assumed Leaker" to "Sound". 

The results of the assessment were presented to the Executive Safety Review Board (ESRB) on 
August 25, 2014. The board concurred that the integrity status of tank AX-104 should be 
changed from "assumed leaker" to "sound" (See Appendix A5) . 
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Al. MEETING #1 , JUNE 5, 2014 

MEETING MINUTES 

SUBJECT: Tank AX-102 Integrity Assessment Meeting #5 and Tank AX-104 Meeting #1 

TO: 

Distribution 

FROM: 

D. G. Saide 

DEPARTMENT-OPERATION-COMPONENT 

Engineering - Tank and Pipeline Integrity 

Distribution: 

D. G. Baide1 

J . G. Field1 

C. L. Girardot1 

D. G. Harlow1 

K. J. Hull 1
·
2 

N. W . Kirch 1 

J. G. Schofield1 

D. W. Strasser 

D. J. Washenfelder1 

1Attendee and Team Member 
2Representing System Engineering and Operations 

Purpose: 

BUILDING: 

2750E/B-225 

CHAIRMAN: 

J. G. Field 

AREA SHIFT DATE OF MEETING 

200-E 06/05/2014 

NUMBER 
ATTENDING 

8 

The purpose of the meeting was to review AX Farm leak detection pit (LOP) swab sample results, to 
close-out the AX-102 leak assessment and to kick-off the AX-104 leak assessment. A re-start meeting 
for the AX-102 leak assessment was held May 14, 2014 to review AX-102 background information and 
recommendations that were given to the Executive Safety Review Board (ESRB) on December 3, 2009. 
In the ESRB meeting it was recommended that the integrity status of tank AX-102 be changed from 
"assumed leaker" to "sound." The ESRB requested that swab samples from the AX-102 leak detection 
pit be obtained and results reported back to the ESRB as additional evidence to support the 
recommendation to change the integrity status for tank AX-102. 

AX-102 Discussion: 

The team meeting agenda (attachment 1 ), actions from the May 14 re-start meeting, and information 
presented and discussed during the June 5, 2014 meeting are attached. 

Actions discussed included: 
1. Look into the purpose and details for the 30-day sluicing test that was conducted in 1975 (See 

attachment 2), 
2. To determine how the vent header is connected to the LDPs (information was provided to team 

members after the meeting [see attachment 31). 
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Leak detection pit results (attachment 4) showed that <1,000 dpm/100 cm or <100 cpm beta-gamma 
in the AX-102 LDP. In comparison , the AX-101, AX-103, and AX-104 LDP's showed higher sample 
results. The highest result was found in the AX-104 LDP (~10,000 dpm beta-gamma activity or 
~1 ,000 cpm) (See Attachment 4) . The beta-gamma activity level in the AX-104 LDP was 
determined to be ~8 orders of magnitude lower than the level of radioactivity in previous tank liquid 
samples (decayed to 2014). It was recommended that the methodology used for LDP samples be 
described in the assessment report (included in attachment 4). 

The team concluded that the LDP sample results supported the determination that tank AX-102 did 
not leak. Results of previous elicitation scores ranged from 0.01 to 0.16 with an average of 0.065, 
indicating a low probability (6.5%) that the tank leaked. The team concurred with the earlier 
elicitation results and determined that a separate elicitation was not needed. 

No additional data needs for the AX -102 tank integrity assessment were identified. Suggestions 
were given for statements to include in the AX-102 integrity assessment report. 

AX-104 Integrity Assessment Kick-off 

Tank AX-104 was classified questionable integrity in August 1978 based on radioactivity detected in 
drywell 11-04-08. The source of the radioactivity was determined to be either from dresser coupling 
leaks from the ventilation header, as for tank AX-102, or from a tank AX-104 leak. The location of 
the dresser coupling leaks and drywells near tank AX-104 showing gamma activity were briefly 
discussed. Past AX-104 LDP results and auger sampling results were presented for comparison 
with LDP swab sample results obtained in May 2014. It was determined that other than the LDP 
swab samples recently obtained, no additional field investigations should be needed for the AX-104 
integrity assessment. 

Tank AX-104 process history, liquid level changes, drywell monitoring results, auger sample results, 
and LDP results will be reviewed and discussed in more detail in the next meeting. Information to 
be discussed is included in a draft AX-104 leak detection report available in the \ETIG share area at 
the following link: \\hanford\data\sitedata\ETIG\D-42 Assessments\AX-104\ 

Next Meeting: 
The next assessment team meeting is tentatively scheduled for 6-12-2014. 

Team Member Actions: 

1. JGF- Prepare June 5, 2014 meeting summary. 

2. JGF - Schedule ESRB presentation for AX-102. 

3. JGF - Complete AX-102 Integrity Assessment Report and distribute to team for review by June 
10. 

4. KJH - provide description/drawings for the AX-102 integrity assessment report showing how the 
ventilation header is connected to the LDPs. 

5. JGF - Prepare AX-104 Information for next meeting. 

6. All - Review AX-102 meeting minutes and AX-102 Integrity Assessment Report and provide 
comments by June 16. 

7. All - Review Draft AX-104 integrity assessment sections 1- 6 in preparation for the next 
meeting. 
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Attachment 1: Tank AX-102 Integrity Assessment Meeting Agenda 
6-5-2014 

Finalize AX-102 Integrity Assessment 

I. Discuss re-start meeting/ where we are. 
2. Actions from previous meeting. 
3. AX Leak Detection Pit Results. 
4. Discussion of results/ Implications from previous assessment conclusions. 
5. Additional data/ Information needs (if any). 
6. Elicitations? 
7. Final Report/ Recommendations to ESRB. 

Start AX-104 Integrity Assessment 

I. Brief overview/ available information. 
2. Additional data needs. 
3. Next meeting. 

Attachment 2. Purpose and Details for the 30-Day Sluicing Test 

Monitoring of drywells and several special sealant injection tubes using a Battelle Northwest 
DC-potential soil moisture monitoring system was not able to confirm that sluicing operation in 
tank AX-10 I was a contributor to additional leakage from the vapor exhaust header. The 
sluicing test was performed prior to an attempt to seal the suspect leaking Dresser coupling on 
the vent header "T" between tank AX-101 and tank AX-102 vent lines. 

In September, 1975, a soil sealant test was initiated with the intention of encapsulating the 
suspect Dresser coupling in an asphalt emulsion. The sealant test had no measurable effect on 
either drywell 11-02-11 or 11-02-12 radiation increases. Regular soil moisture measurements 
continued to show high moisture levels around the drywells and a small increase near the test 
Dresser coupling. The final occurrence report recommended that the anticipated sluicing of tank 
AX-102 commence since there was no evidence that the tank was leaking (Occurrence Report 
75-90, Increase Dry Well Radiation Adjacent to Tank 102-AX). 

Note: From Section 6 of draft AX-102 Integrity Assessment Report. 
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Attachment 3. Potential Contamination Routes for AX Farm Leak Detection Pits 

Contamination other than a direct tank leak may have entered the AX Farm Leak Detection Pits 
(LDPs) through one or more of the following routes: 

1. Pit cover blocks 
2. Drain lines 
3. Ventilation lines 

Contamination can be introduced into the LDPs through the cover blocks by insertion of 
contaminated equipment or transported from the surrounding environment by natural runoff. 
The surrounding grounds are a radiological contamination area which is a potential source to 
affect both equipment and surfaces. (H-2-44575, H-2-44576, H-2-44501 sheet 69) . 

Drain lines from the LDP pump area floors are connected to their respective tanks . These drain 
lines are connected to a tank riser with a down leg pipe that ends 60 inches above the tank floor . 
The drain is in communication with the tank head space when the tank waste level is below 60 
inches. When the tank level is above 60 inches, the drain line contacts tank waste and is filled to 
the level of the waste surface. Contamination may have been transported in vapors up through 
the drain lines to the LDP (H-2-44576, H-2-44571). 

Each LDP has a seal pot assembly that was connected to the primary tank ventilation system. 
This connection was below the LDP pump area floor. The seal pot is dependent on maintaining 
a specific level of seal water in the system to prevent cross contamination. It is unlikely the 
water level was maintained perfectly during ventilation system operation and is currently 
unmonitored . The primary ventilation system is highly contaminated and any reverse flow of air 
could contribute to LDP contamination (H-2-44618, H-2-44624, H-2-44670, H-2-44671). 

Contamination from any of these sources would be relatively low compared to the concentration 
of the tank waste. There is no direct transport of concentrated radioactive materials from the 
tank to the LDP except for a tank leak draining into the LDP. 
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Attachment 4. Leak Detection Pit Work Instructions and Results 

Leak Detection Pit Swab Sample Work Instructions (from TFC-WO-14-2710): 

5. SPECIFIC WORK INSTRUCTIONS 

WARNING : 

DO NOT remove legacy zip cords that extend into cover block penetration during 
performance of step 5.1 

5.1 PERFORM 241-AX leak detector pit work area preparations per the following 
steps: 

5.1 .1 PERFORM pre-job contamination and dose rate survey of Leak Detector 
Pits and record RSR number below in Data Table 1. 

5.1.1.1 DOCUMENT subsequent survey report numbers on Survey Report 
Form A-6006-444 located in the work package prior to the end of 
shift. 

5.1.2 ENSURE/perform a cleanup of the leak detector pit cover block work area 
by removing tumble weeds, gravel, debris and dispose per the waste planning 
checklist. 

Component ID 

241-AX-104 
(reguired} 

241-AX-102 
(reguired} 

241-AX-103 
(oQtional} 

241-AX-101 

(optional) 

5.1.2.1 ENSURE/ install ground cover and drape around cover block 
penetration. 

DATA TABLE 1 

Leak Detector Pit preliminary RSR survey and work area prep. 

RSR Survey Pit Debris Ground Cover/Drape 

Number Removed (I) Installed (I) FWS initial/Date 

Note: Sections 5. 2 through 5. 5 in the work instructions were for each of the 241-AX Farm leak detection pits and 
were essentially the same for each pit. Following are instructions for the AX-104 leak detection pit. 

A-6 

58 of 133 



RPP-ASMT-57574 9/10/2014 - 11 :05 AM 

RPP-ASMT-57574, Rev. 0 

5.2 PERFORM 241-AX-104 LEAK DETECTOR PIT SWAB(S). 

5.2.1 ENSURE/post Vapor Control Zone (VCZ) at a minimum of 10ft around the 
work area. 

5.2.2 ENSURE/post work area as Airborne Radioactivity Area (ARA). 

5.2.3 REMOVE cover block pipe plug, wooden plug or shield plug into bagging, as · 
applicable. 

5.2.4 PULL existing zip cord (if present) and sniffer tubing (if present) through 
damp rag into bagging. 

5.2.4.1 HPT MONITOR zip cord and/or sniffer tubing for contamination 
during removal as applicable. 

NOTE- Steps 5.2.5 and 5.2.6 may be performed concurrently. 

5.2.5 PERFORM open riser/port bag sampling for IH per the following: 

5.2.5.1 INST ALL Instrument Sampling pump(s). 

5.2.5.2 PERFORM 1H bag sampling. 

5.2.5.3 REMOVE IH sampling tube. 

5.2.6 INST ALL camera. 

5.2.6.1 OBSERVE for obstructions inside pit. 

5.2.6.2 MARK on cover block, the direction of the 24" diameter leak 
detector well riser (inside pit). 

5.2.6.3 REMOVE camera. (N/A if camera is to remain installed to assist in 
extension tool & WSC placement). 

NOTE - Cover block is 2 ½ feet thick while the pit floor is 6 ¾ feet below the top of 
the cover block. 

5.2.7 INSTALL extension tool (if needed) & cable w/attached weighted sample 
collector (WSC) through cover block penetration. 

NOTE - Camera may be re-installed to facilitate cable/WSC placement. 

5.2.8 INST ALL camera as necessary. (N/A if previously installed). 
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NOTE - The 24" diameter leak detector well opening is offset from the cover block 
opening. The 24" leak detector well bottom is approximately 59 feet from the top of 
the cover block. 

5.2.9 LOWER cable/WSC until WSC is in the 24" leak detector well opening. 

5.2.10 PERFORM the following steps IF insertion attempt is unsuccessful: 
(otherwise N/A steps in 5.2.10). 

5.2.10.1 REMOVE the camera (if installed), extension tool (if installed) and 
the cable/WSC from the leak detector pit. 

5.2.10.2 HPT PERFORM survey of camera (if installed), extension tool and 
cable/WSC if removed from leak detector pit. 

5.2.10.3 REPEAT steps 5.2.6 through 5.2.9 as necessary until cable/WSC is 
in 24" leak detector well opening. 

5.2.11 INSERT/lower the cable/WSC into the 24" diameter leak detector well until 
it reaches the bottom of the leak detector well (indicated by slack in cable). 

NOTE - Liquid level readings are requested by Engineering for baseline data and 
need to be recorded in ft (' ) and in ("). 

5.2.11.1 OBTAIN liquid level (once) while lowering cable (N/A if reading 
can't be obtained). 

5.2.11.1.1 RECORD liquid level for 1st swab ___ ' ft 
" in. - ---

5.2.11.2 RECORD cable length (as measured from top of cover block to 
bottom of leak detection pit) on Attachment A for Swab #1. 

5.2.12 PULL/remove cable/WSC from Leak Detector Well up into the pit. 

5.2.13 REMOVE camera from Leak Detector Pit through a damp rag. 

5.2.14 REMOVE extension tool (if installed) from Leak Detector Pit through a 
damp rag. 

5.2.15 REMOVE cable/WSC from Leak Detector Pit through a damp rag and into 
bag. 

5.2.15.1 HPT PERFORM shallow dose rate and contamination survey 
during removal of cable/WSC. 
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5.2.15.2 CUT and DROP cable/WSC into leak detector pit for any of the 
following; 

• Increase in the shallow dose rates 

• Direct contamination levels are~ 50,000 dpm/probe area beta­
gamma 

• Removable contamination~ 50,000 dpm/100cm2 beta-gamma or 
~70 dpm/lO0cm2 alpha. 

5.2.16 OBTAIN a beta-gamma contamination survey of WSC. 

5.2.17 DOCUMENT results of contamination survey on Attachment A for Swab #1. 

5.2.18 REMOVE technical smear from WSC. 

NOTE - Drying of the smear and WSC along with documenting contamination 
levels may be done at any time, but shall be completed prior to the completion of 
this work package. 

5.2.19 DRY smear and WSC; Obtain contamination levels and document on 
Attachment B. 

5.2.20 SKIP to step 5.2.22 IF any of the following is recorded in Attachment A: 

• ~ 50,000 dpm/probe area beta/gamma 

• Increase in shallow dose rates during removal 

• Removable contamination ~ 50,000 dpm/100cm2 beta-gamma or~ 70 
dpm/lO0cm2 alpha. 

5.2.21 REPEAT steps 5.2.6 through 5.2.19 for Swab #2 or Swab #3 as applicable. 

5.2.21.1 DOCUMENT results on Attachments A & B for Swab #2 & Swab 
#3 as applicable. 

5.2.21.2 PROCEED to step 5.2.22 if all samples have been collected. 

5.2.22 REIN ST ALL cover block pipe plug, wooden plug or shield plug as 
applicable. 

5.2.23 DOWNPOST ARA as survey and air sample results allow. 

5.2.24 DOWNPOST Vapor Control Zone (VCZ) as IH sampling allows. 
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5.2.25 REMOVE ground cover/drape. 

5.2.26 ENSURE pit cover block area is cleaned up and all equipment is removed. 

5.2.27 PERFORM post-job contamination and dose rate survey of 241-AX-101 and 
record RSR number below. 

RSR (Survey) Number Date 
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Additional Description of Leak Detection Pit Swab Sampling. 

As shown in Photo #1, originally it was planned to place the swab around the weight that was 
lowered into the into the leak detection pit; however, the swab diameter was too large for the 
leak detection pit access riser. As a result, the swab was placed inside the weight that was 
lowered into the pit (See Photo #2) and the swab only contacted the bottom of the pit. In the 
AX-102 leak detection pit the swab was dry because no liquid was present. Consequently, the 
swab may not have contacted the bottom of the pit. However, the weight that did contact the 
bottom of the pit was scanned separately and like the swab sample shoed less than 1,000 dpm 
beta-gamma. 

The swab samples, zip line and other radiological surveys were conducted using a GM/probe for 
beta-gamma and PAM/probe for alpha. 

Photo #1 Photo #2 
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30 <0.5 <C . 5 2 1 'Ii/A <0.5 <(l.5 work activ.~y /\X-103 

Contam ination M:ea,urements 
t Manua lly Cele\J'&1ed by RCT 

BtclqJIOJ OO Direct Gross TDl>J Ct>rre,c;tinn qem.,.•aot, 
~m q,rt\"100 cm' cpm/100 cm' F~o;tor Gio .. (cpmJ d;mll!Xlo,,' 

No f'lMn'nUon Jlv 0 ll'I• 0 !3y 0 ~ 0 Type PY 0 py 0 

c: ?re a nd po~ JOQ 
50 NIA .!A NIA N/A· N/A I 10 ~ ~rnea:t SC !'{/A COCCt ~i/A"' st:.rvey AX-101 

C2 well cap AX -101 50 l /A 'l/A Nii. N/Al N/A I ~o ' Smeal SC ':-./A <:OCOt H/;..r 

Date Subm incd O /21120 14 I • 0:00 8 0-6003-3<13 S ( RC'V . 2) 

~ 
r'1 
~ 

= I - "C 
Q ;---~ ~ = ~ 
Q. "' = 
~ ;:;' 

"' 
I -Q 

YJ 
t--
~ 
~ 
~ 

t::, 
~ .... 
~ 
(') .... o· 
= 
""C 
::.: 
"' 

2g 
""1::1 
I 

• Cl) 

~ 
>-l 

I 
V, 
--..J 
V, 
--..J 

~.f:,. 

::ti 
('1) 

:< 
0 

:;o 
-0 
"'O 
I 

)> 
U) 

~ 
-i 

I 
01 
--..J 
01 
--..J .,. 

~ _,, 
0 
"3 
0 .,. 

0 
01 
)> 
~ 

0) .,. 
0 -



.. Electronically Approved - COR-1401241 on 51291'2014 ••: 

WASHINGTON RIVER PROTECTION SOLUTIONS LLC RSR No. 
RADIOLOGICAL SURVEY REPORT (Submitted for Approval) COR-1401241 

Contamination Measurements (Continued) 
t Manually Calculated by RCT 

Background Direct Gross Total Correction 
cpm cpm/100cm' dprn/100 cm2 Factor 

No . Description 13v a llv a llv a Pv a 

C3 
zip line (initial so 0 N/A N/A N/At N/At 10 7 survey) AX-101 

C4 zip line (completion 
50 0 N/A N/A N/At N/At 10 7 of task) AX-101 

cs Swabs #1, 2, 3 (Wet) 
50 0 N/A N/A N/At N/At 10 7 AX-101 

• I 
C6 

Swabs #1, 2, 3 (Dry) 
50 0 N/A N/A N/At N/At 10 7 AX-101 

C7 
Camera from pit, AX- 50 N/A N/A N/A N/At N/At 10 7 101 

ca Pre and post job 
50 N/A N/A N/A N/At N/At 10 7 survey AX-103 

C9 Shield plug AX-103 50 N/A N/A N/A N/At N/At 10 7 

Cl0 Swabs #1, 2, 3 (Wet) so 0 N/A N/A N/At N/At 10 7 AX-103 

Cll Swabs #1, 2, 3 (Dry) 50 0 N/A N/A N/At N/At 10 7 AX-103 

Cl2 Camera from pit, AX- 50 0 N/A N/A N/At N/At 10 7 103 
SCBA's, masks, IH 
instrumentation, RCT 

Cl3 
instruments, camera, 

50 N/A 50 N/A <S000t N/At 10 N/A work package, 
clipboard, air 
samples, lalpel's, 

Type 

Smear 

Smear 

Smear 

Smear 

Smear 

smear 

Smear 

Smear 

Smear 

Smear 

Smear 
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Removable 
Gross (cpm) dprn/100 cm' 

llv a 13V a 

50 0 <l000t <20t 

50 0 <l0O0t <20t 

50 0 <l000t <20t 

250 0 2000t <20 t 

50 N/A <l000t N/At 

50 N/A <l000t N/At 

50 N/A <l000t N/At 

50 0 <l000t <20t 

450 0 4000t <20t 

so N/A <l0O0t N/At 

50 N/A <l000t N/At 
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Contamination Measurements (Continued) 
t Manually Calculated by RCT 

Background Direct Gross Total Correction 
cpm cpm/100 an' dpm/100an' Factor 

Description llv 0 llv a llv a llv a 
zip line (compl etion 

50 0 N/A N/A N/A N//\ 10 7 of task) 
Swabs lil, 2 , 3 (all 

50 0 N/A N/A N/At N/At 10 7 dry) 
SCBA' s , masks, IH 
instrumentation, RCT 
instruments , camera, 

50 0 50 0 <5000t <l00t 10 7 work package, 
clipboa rd, air 
samples, lalpel's, 
Camer a from pit, 50 0 N/A N/A N/At N/At 10 7 

I 
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Removable 
Gross (cpm) dpm/100 cm' 

Type riv a llv a 

Smear 50 0 <1000 <20 

Smear 50 N/A <l00Ot N/ At 
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A2. MEETING #2, JUNE 12, 2014 

MEETING SUMMARY 

SUBJECT: Tank AX-104 Integrity Assessment Meeting #2 

TO: 

Distribution 

FROM: 

D. G. Baide 

DEPARTMENT-OPERATION-COMPONENT 

Engineering - Tank and Pipeline Integrity 

Distribution: 

D. G. Baide1 

J. G. Field1 

C. L. Girardot1 

D. G. Har1ow1 

K. J. Hull 1 

N. W. Kirch 1 

J. G. Schofield 1 

D. W. Strasser1 

D. J. Washenfelder 

1Attendee and Team Member 

Purpose: 

BUILDING: 

2750E/A-229 

CHAIRMAN: 

J. G. Field 

AREA SHIFT 

200-E 

DATE OF NUMBER 
MEETING ATTENDING 

06/12/2014 8 

The purpose of the meeting was to continue the tank AX-104 integrity assessment. Specifically to look 
at surface level data, drywell data and leak detection pit data and occurrence reports for liquid level 
decreases or increases gamma activity near tank AX-104. 

AX-104 Discussion 

The June 5, 2014 meeting summary was reviewed and discussed. Actions identified in the meeting 
were completed . The meeting summary was approved with minor edits. The tank integrity elicitation 
process described in TFC-ENG-CHEM-D-42, Tank Leak Assessments, was briefly discussed. The 
process requires an evaluation of whether or not a tank leaked based on liquid level data: surface level 
data and LOW interstitial liquid level data, and based on total gamma and spectral gamma drywell data. 
It was noted that the elicitation process does not include evaluations for LOP data. As a result LDP 
evaluations will be factored into liquid surface level and total gamma data considerations. It was noted 
that Tank AX-104 does not have an LOW. 

Information from the draft tank AX-104 integrity assessment report, sections 1-6, was presented and 
discussed (Attachment 1). Additional archive liquid level data from 1965 to 1968 was also reviewed. 
The assessment team members determined that the liquid level changes shown appear to be accounted 
for. Although many liquid level changes occurred due to transfers and boiling waste temperatures, only 
one occurrence report was issued for liquid level decreases in tank AX-104. OR-77-19, showed a 
decrease of over 1 inch in 72 hours. The decrease was attributed to a filter installed on January 26, 
1977 in a six inch riser to improve air cooling in the tank. It was noted that liquid levels were over 
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300 inches on the scans. An action was taken to present the depth of the tank footing, height of the tank 
liner, and height of spare inlet or cascade ports to team participants, to assess whether the tank may 
have been overfilled. Similarly May 1981 and other tank photo's will be reviewed and presented in the 
next meeting to investigate "surface irregularities" and a possible buckling pattern in the tank bottom , 
indicated in the AX-104 interim stabilization evaluation (HNF-SD-RE-Tl-178). 

Next, drywell data and was reviewed and the location of drywells with respect to the vapor header and 
leaks from dresser couplings along the vapor header. Several occurrence reports were issued related to 
gamma activity in drywells surrounding tank AX-104, including OR 75-47, OR 76-08, OR 76-59, and OR 
77-202. Gamma activity observed in drywells 11-04-11 and 11-04-01 was clearly attributed to vapor 
header leaks in the occurrence reports. The key question in OR 77-202 was the source of the gamma 
activity at -65 ft bgs in drywell 11-04-08; tank AX-104 was designated an "assumed leaker" based on 
this occurrence report. Several actions were taken to further assess potential sources that could 
account for the low levels of gamma activity in drywell 11-04-08. The level of gamma activity in the 
drywell was well below expected levels from a tank leak and more like what would be expected from a 
condensate release. It was noted that like the gamma activity in drywells 11-04-11 and 11-04-01 , the 
gamma activity in drywell 11-04-08 decayed at the rate of Ru-106, with a half-life of-1 year. 
Ruthenium-106 is highly mobile in soils, therefore it is plausible for Ru-106 to have migrated from the 
dresser coupling leak to the opposite side of the tank near drywell 11-04-08. However, if the gamma 
activity migrated from the vapor header release on the opposite side of the tank, the Ru-106 plume at 
should have been detected at drywells 11-04-10 and/or 11-04-19; neither of these drywells detected 
subsurface gamma activity. Historical logs for drywell 11 -04-10 are not included in Attachment 1 and 
will be presented for the next meeting. It was noted that Attachment A shows only shows logging results 
after 1980 for drywell 11-04-08. An action was taken to determine if earlier logging results are available. 

Drawings will be reviewed and presented in the next meeting showing pipelines and encasements 
surrounding tank AX-104 to determine if any other potential sources are close to drywell 11-04-08. The 
proximity of the leak detection pit to the tank and drywells and the ventilation header and connections 
will also be discussed. 

Next Meeting: 
The next assessment team meeting is tentatively scheduled for June 12, 2014, 8:00 A.M. , Room TBD. 

Actions: 

1. JGF - Prepare June 12, 2014 meeting summary. 

2. KJH - Provide description/drawings showing pipelines surrounding tank AX-104 and particular 
any pipelines or possible leak sources near drywell 11-04-08. 

3. JGF - Provide May 1981 and other in-tank photographs for evaluation of tank buckling. 

4. JGF - Provide tank drawings showing elevations of footing, spare inlets/cascade lines and tank 
liner. 

5. JGF - Provide historical logs for drywell 11-04-10 and earlier logs for drywell 11-04-08. 

6. CLG - Prepare complete liquid level drawing for the final report incorporating historical archive 
levels and levels shown in occurrence report. 

7. All - Review AX-104 meeting minutes. 
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Attachment 1 

Information Presented from Draft AX-104 Integrity Assessment Report 

Tank AX-104 Operational Timeline (1965-1981) 

Transferred 198,000 gallons 
supemate to A-101 March 1970 
Transferred 198,000 gallons 
supemate to A-101 May 1970 

~ 

Received PSS and 
AX-103 Sludge Heel 
Sept. 1972 - Dec .. 1976 

rYY'!4!!'!!!!J 
Waste 

Transfers 

Transferred 234,000 
gallons PSS to C-105 
2nd Qtr 1976 ~ 

FY 1965 

Tank 
Events 

Received B Plant Waste 
2nd Qtr 1969 

~ 
Transferred 678,000 
gallons PSS to AX-101 
FebJMarch 1977 

a Received PUREX HLW 
3rd Qtr 1966 - 3rd Qtr 1969 

1••······~ Transferred 678,000 
gallons to C-105 
Sept 1975 Cl 

~ Sluicing to AR Vault 
!IL""-" March 1977 -April 1978 

1967 

* Reach Boiling 
Condition 
Oct. 1966 

1969 1971 1973 

* Waste Temperature Excursion 
above Operating Limit of 300°F 
February 1970 - May 1970 

1975 

Occurrence Report 75-47 ' 
Dresser Coupling Leak 

from Vapor Header 
April 1975 

1977 1979 1981 

* * Tank Placed in 
Inactive Category 

Aug.1978 

Tank Interim 

Occurrence Report 77-202 
Increased Radiation in 

Drywell 11-04-08 
July 1976 - March 1978 

Stabilized 
May 1981 

Reference: RPP-ENV-37956, Hanford A and AX-Farm Leak Inventory Assessments Report 
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Tank 241-AX-104 Liquid Level Measurements and Changes (1973 to 1986) 

Liquid Change from Cumulative 
Oa.te level Baseline previous change Connents 

( 1 n.) ref, reading (in,) (i n.) 

06/18/73 37.50 o.oo Manual tape 
07 /16/73 36.75 -0.75 -0.75 Steady decrease 
07/17/73 38.00 -0.75 Transfer 
07/30/73 37.50 -0.50 -1.25 N~ tape instal led 
08/03/73 37.25 -0.25 -1.50 Steady decrease 
11/09/73 42.00 -1.50 Transfer · 
12/03/73 38.00 -4.00 -s·.so Steady decrease 
12/19/73 42.50 +4.50 -1.00 Steady increase 
01/05/74 48.75 -1.00 Tra.nsfers 
01/22/74 46.00 -2.75 -3.75 Steady decrease 
02/01/74 50.00 -3.75 Transfers 
07/08/74 40.00 -10.00 -13.75 Steady decrease 
08/10/74 282.25 -13.75 Transfers 
04/30/75 248.00 -13.75 Steady decrease 

evaporation 
05/01/75 246.80 -13.75 FIC ins ta. l led 
03/10/76 185.15 -13.75 Steady decrease/ 

associated with 
evaporation 

03/26/76 129.15 -13.75 Transfers 
04/13/76 125.85 -13.75 Steady decrease/ 

evaporat ion 
04/24/76 132.70 -13.75 Transfers 
09/08/76 102 .35 -13.75 Steady decrease/ 

evaporation 
03/03/77 58.65 -13.75 Transfers 
03/28/77 52.15 -13.75 Steady decrease/ 

evaporat ion 
08/24/77 7. LO -13.75 Sluicing and transfers 
09/23/77 3.15 -13.75 Steady decrease/ 

evaporat ion. now using 
manua l tape 

11/07 /77 11.50 -13.75 Sluicing and transfers 
12/04/77 10.00 -13.75 Steady decrease/ 

evaporation 
12/05/77 10.50 -13.75 Water a.dded--

ci rcu 1 a.tors 
01/23/78 9.00 -13. 75 Steady decrease/ 

evaporation 
02/02/78 11.70 -13.75 ~ow us1ng FIC gage 
02/28/78 10.90 -13.75 Slow decrease/ 

evaporation 
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Liquid 
Date level 

(in.) 

04/26/78 5.60 
05/08/78 5.00 
05/ll/78 
05/24/78 1.20 
06/06/78 

11/l0/78 0.80 

03/11/79 1.40 
03/16/79 
07/29/79 1.00 

07 /30/79 
07/31/79 2.00 
09/05/79 
12/10/80 2. 50 
12/12/81 2.50 
10/07/82 2.50 
12/12/82 1.50 

11/07/83 
12/12/83 2.75 
10/04/84 2.25 
10/04/85 2.50 
10/01/86 2.50 
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Change from Cumulative Base1 i ne previous change ref. read1ng 
(in.} ( 1n.) 

- 13.75 
-0.60 -14.35 

1. 70 - 14.35 
-0. 50 -14.85 

3.70 - 14.85 

- 14.85 

+0.60 -14.25 
2.50 -14.25 

-14.25 

-14.25 
- 14.25 

2.50 +0.50 - 13.75 
- 13.75 
- 13.75 
- 13.75 
-13. 75 

2.25 -13. 75 
+0.50 -13.25 
-0.50 -13.75 
+0.50 -13.50 

- 13.50 

Co11111ents 

S1u1c1ng and transfers 
Steady decrease 
Transfers 
Slow decrease 
Transfer and leaki ng 
valve 
Slow decrease/ 
evaporat ion 
Erratic readings 
Leak in AX-8 pi t 
S1ow decrease/ 
evaporat1on 
FIC o/s 
Manual tape instal l ed 
Slow increase 
Stable 
Stable 
Stable 
Readings fluctuate 
between 1.50 and 
2. 50 in. 
New MT installed 
Stable 
Stable 
Stable 
Stable 

Reference: WHC-SD-WM-Tl-356, Waste Storage Tank Status and l eak Detection Criteria. 
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Tank 241-AX-104 Waste Surface Level Measurements 

5.0 ~-------- -------------------~ 
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Date 

J - !NRA, MANUAL - !NRA, '!MACS -Manual Tape MANUAL 

Reference: Surveillance Analysis Computer System, PCSACS 
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AX-104 Temperature, 1966-70 
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Reference: RHO-CD-1172, Sun,ey of the Single-Shell Tank Thermal Histories 
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AX-104 Temperature, 1976-2010 

Date 
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Reference: Surveillance Analysis Computer System, PCSACS 
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241-AX Tank Farm Drywells 

11-[]J.09 • 

11-DJ-OJ' 

lHJlj,-lU 

• 

11-aJ-12 

' 

AX-103 11 1 
• 

.. 

11-[]1-11 
• 

11-[] 1-[]1 

' 

AX-101 

11-[]1-05 

11-a ..-01 11-[]2-22 11-0.l-12 ~ 1-02-[]1 
• • 

• 
11-0 C,-05 • 

11-02-07 
• 11-[]2-05 

• 
1-02-0J 
• 

Reference: GJ-HAN-52, Vadose Zone Characterization Project and the Hanford Tank Farms, 
Tank Summary Data Report for Tank AX-104. 

Note: Blue shading shows tanks currently designated "assumed leakers" 
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Tank AX-104 Drywell Construction 

Hanford Coordinates 

Drywell Initial Drilling Depth-ft North 

l 1-04-01 12131/1974 100 41672 

11-02-10 212811975 100 41644 

11-04-05 2128/1975 100 41583 

11-04-07 3131/1975 96 41588 

11-04-19 313111978 125 41591 

11-04-08 212811975 100 41605 

11-04-10 313111975 100 41650 

11-04-11 113111975 125 41672 

Tank AX-104 NIA NIA 41629 

Distance from Selected Tank AX-104 Drywells to Tank Features 

From To 

Drywell Tank Sidewall - ft Tank Footing Edge - ft 

11-04-01 7.07 3.07 

11-02-10 8.84 4.86 

11-04-05 11.03 7.03 

11-04-07 6.52 2.53 

11-04-19 4.88 0.88 

11-04-08 6.25 2.25 

11-04-10 11 .94 7.94 

11 -04-11 6.36 2.34 

References: 

Mactec - ers Log Data Reports 

H-2-44562, Structural Waste Storage tanks Composite Section & Details 

H-2-36935, Wells in 241-AX Farm As Built 
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241-AX Tank Farm Ventilation System Plan 

241-AX TANK FARM 

VENT SYSTEM LAYOUT 
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Drywell 11-04-01 Historical Gross Gamma Logs 
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Date (year) 

Drywell 11-04-08 Historical Gross Gamma Logs 
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Drywell 11-04-11 Historical Gross Gamma Logs 

0 r.-,-;-:-°':=';"-;--;-:~'"77"'.~'"77"~::::-,-~~,......_-;----,---,~ ---,,--'--;---;-~ -;-;-,--;-;--t 

10 

20 

30 

40 

li'50 
~60 

I 70 -

0 

10 

20 

30 

40 

90 

100 

110 

120 

80 

90 

100 

110 

120 

1975 

1975 

1980 1985 
Date (year) 

1990 1995 

Drywell 11-04-19 Historical Gross Gamma Logs 

) 

' ) 

1980 

I I ) ") 

1985 
Date (year} 

A-30 

'> ( ( <., '> -< '' 
,..,, ( ,., 

~ 
l 

r~ 
1990 1995 

82 of 133 



RPP-ASMT-5757 4 9/10/2014 - 11 :05 AM 

RPP-ASMT-57574, Rev. 0 

Tank 241-AX-104 Historical Gamma Logging Results for Drywell 11-04-11. 

30 
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cps 
Reference: RPP-35484, Field Investigation Report for Waste Management Areas C and A-AX 
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1996 Spectral Gamma Logging Results for Drywells near Tank 241-AX-104. 
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1996 Spectral Gamma Logging Results for Drywells near Tank 241-AX-104. 
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Reference: GJ-HAN-12, Vadose Zone Characterization Project at The Hanford Tank Farms, 
AX Tank Farms Report. 

Note: Maximum value of log scales shown for 11-04-10 and 11-04-11 is 10,000 pCi/g. 
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AX-104 Leak Detection Pit Liquid and Radiation Levels (1973-1986) 

Date 

06/15/73 
09/15/73 
12/15/73 
04/15/74 
05/15/74 
06/15;74 
07/15/74 
08/15/74 
09/15/74 
10/15/74 
11/15/74 
12/15/74 
01/15/75 
02/15/75 
03/15/75 
04/15/75 
05/15/75 
06/15/75 
07/15/75 
08/15/75 
08/25/75 
09/21/75 
12/18/75 
12/28/75 
01/08/76 
03/31/76 
04/26/76 
05/26/76 
06/26/76 
09/15/76 
10/29/76 
11/03/76 
12/05/76 

Liquid 
level 
(in.) 

24 
24 
24 
24 
23 
23 
22.8 
21.1 
20.7 
21.1 
21.1 
20.7 
21.1 
20.7 
20.7 
21.l 
20.7 
20.7 
21. l 
21.l 
21.6 
21. l 
21.6 
21.1 
21.6 
21.0 
22.0 
22.5 
21.0 
21.5 
16.0 
16.0 
15.0 

A-34 

Radiation 
level 

(c/min} 

300 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Date 

12/27/76 
12/28/76 
12/29/76 
12/30/76 
12/30/76 
01/05/77 
01/06/77 
01/07/77 
07/09/77 
10/26/77 
03/02/78 

03/03/78 
03/29/78 
03/30/78 
12/20/78 

08/21/79 
12/31/79 
12/11/80 
Ol/25/81 

01/27/81 
02/25/81 

02/26/81 
05/13/81 

05/14/81 
09/23/81 

09/24/81 
01/13/82 

01/14/82 
04/18/82 

12/12/82 

9/10/2014 - 11 :05 AM 
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L1qu 1d level 

Weight Rad1at 1on level 
Gage factor (C/l'llin) 

( 1n.} 

14 . 0 0 
4.8 0.0 <40 
4.9 0.0 1 
5.0 21.0 1 to 4 
s.o 21.0 <30 

16.5 8 to 20 
4.9 0.0 8 
4.9 20.0 10 
4.5 17.0 1 to 25 
0.0 o.o 0 to 30 
o.o 0.0 2 to 60 

0.0 0.0 580 
o.o 0.0 500 
o.o 0.0 800 
o.o 0.0 850 

1.0 6.5 100 
1.0 2.0 107 
0.8 1.5 200 
0.0 o.o 400 

1.5 6.5 80 
1.0 3.0 150 

2.5 10.5 100 
0.5 0.0 3 

2.2 9.0 120 
o.o 0.0 300 

2.5 10.0 200 
1.0 1.0 100 

3.0 12.5 90 
3.0 8.5 100 

3.5 17.0 90 
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Comment s 

LL slow decrease 
Radiat ion pen jumping 

Radiation pen erratic 
Radiation pen erratic 
LL decrease 

LL very slow decrease 
LL steady decrease 
LL stable at 0 in •• 
radiation erratic 
Radiation increase 
Stable 
Radiation increase 
Radiation var ies 600 to 
1,000 c/min 
Water added 
Stable 
LL slow decrease 
LL steady decrease, 
radiation increase 
Water added 
LL steady decrease, 
radiation increase 
Water added 
LL steady decrease, 
radiation increase 
Water added 
LL steady decrease, 
radiation increase 
Water added 
LL steady decrease, 
rad iation stable 
Water added 
LL stable, radiation 
stable 
Readings vary from 0.3 
to 3.8 in. due to 
evaporation, water 
add itions, and rain. 
Rad 1at1on stable 



RPP-ASMT-57574 

Date 

03/25/83 
03/29/83 
07/01/83 
07/21/83 
07/26/83 
08/25/83 
12/12/83 

02/04/84 
07/25/84 
07/26/84 
10/20/84 
11/14/84 
02/19/85 
02/20/85 
08/19/85 
10/24/85 
10/27/85 
11/19/85 
01/20/86 
01/21/86 
03/07/86 
03/08/86 
05/19/86 
05/20/86 
06/22/86 
07/08/86 
08/20/86 
08/21/86 
11/08/86 
11/13/86 
12/13/86 

9/10/2014 - 11 :05 AM 
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Liquid level 

We ight Ra~ i at ion level 
Gage factor (c/min) 

(1n.) 

9.5 30.0 140 
o.s 0.0 120 
4.8 18.0 100 
4.8 18.0 160 
1.0 1.5 70 
2.1 10.0 100 
3.5 16.0 100 

2.0 3.2 100 
2.5 6.0 120 
0.0 0.0 100 
LO 3.0 80 
1.2 4.0 95 
3.8 16.0 60 
1.1 4.4 65 
2.0 8.0 55 
0.5 3.0 50 
1.5 7.5 50 
1.5 7.5 60 
3.5 18.0 40 

16.5 18.0 40 
14.0 14.0 50 
9.0 9.0 40 

14.0 15.0 50 
3.5 4.0 60 
O~O 0.0 100 
7.0 8.0 40 
3.0 3 .o 60 
9.3 9.0 30 
o.o 0.0 175 
8.5 9.0 150 
2.2 2.5 60 
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Co111nents 

Rain, radiation stable 
Pumped 
Added water 
Stable 
Bailed out 
Added water 
LL increase/radiation 
stable 
Puniped 
LL increase 
Instrument cal ibrat ion 
Water added 
LL slow increase 
L1 slow increase 
Pumped 
LL erratic increase 
LL erratic decrease 
Water added 
Stable 
Water added 
New dial gage 
LL slow decrease 
Pumped 
LL slow increase 
Pumped 
LL slow decrease 
Water added 
LL slow decrease 
Water added 
LL slow steady decrease 
Water added 
LL slow steady decrease 
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AX-104 Leak Detection Pit Liquid Level (1996 to 2006) 
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Auger Sampling Locations 
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Reference: Occurrence Report 75-60, Increasing Radiation in A Dry Well Adjacent to 102-AX , 
Attachment II 

Strawman Leak Hypothesis: 

"The change in radioactivity in drywell 11-04-08 was caused by a leak from tank AX-104." 
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No-Leak Hypothesis: 
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RPP-ASMT-57574, Rev. 0 

"The change in radioactivity in dry well 11-04-08 resulted from the AX farm vent system 
configuration coupled with the failure of the vent system Dresser couplings." 
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A3. MEETING #3, JUNE 19, 2014 

MEETING SUMMARY 

SUBJECT: Tank AX-104 Integrity Assessment Meeting #3 

TO: 

Distribution 

FROM: 

D. G. Baide 

DEPARTMENT-OPERATION-COMPONENT 

Engineering - Tank and Pipeline Integrity 

Distribution: 

D. G. Baide1 

J. G. Field1 

C. L. Girardot1 

D. G. Harlow1 

K. J. Hull 1 

N. W. Kirch 

J. G. Schofield 1 

D. W. Strasser1 

D. J. Washenfelder 

1Attendee and Team Member 

Purpose: 

BUILDING: 

2750E/A-229 

CHAIRMAN: 

J. G. Field 

AREA SHIFT 
200-E 

DATE OF NUMBER 
MEETING ATTENDING 

06/19/2014 7 

The purpose of the meeting was to continue the tank AX-104 integrity assessment. Specifically to go 
over action items, to further discuss action items from the previous meeting, to identify potential sources 
for the low levels of gamma activity in drywell 11-04-08 and to develop leak and non-leak hypotheses. 

AX-104 Discussion 

The June 12, 2014 meeting summary was reviewed and discussed. The meeting summary was 
approved with minor edits. Actions identified in the June 12 meeting and additional information found for 
tank AX-104 were then discussed. 

Tank drawings were presented showing the elevation of tank AX-104 footings, spare fill lines, top of liner 
and elevation at the excavation level beneath the tank. Drawings show that the bottom footing of the 
tank is 53.25 ft below ground level; the excavation elevation is 626 ft, ~55 ft below ground level 
(ARH-LD-128). The top of the liner is 32.5 ft (390) in above the base of the tank and the spare fill line is 
2 ft below the top of the liner (366 in) above tank bottom. This is well above the maximum reported 
depth of the waste (300 in.), therefore it appears that the waste level did not overflow the spare fill lines 
or top of liner. There are no cascade lines between the AX Farm tanks. 

Tank AX-104 photographs were then reviewed . The 1981 photos appeared to show a slight ridge along 
a few weld seems in the tank, that may have been referred to as surface irregularities, but there was no 
indication of uplift or tank buckling in the 1981 photos or other photos that were examined. 
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Historical logs for drywell 11-04-08 were available in the Welty report (HNF-SD-M-Tl-356) starting in 
1975. Peak total gamma readings were <50 counts/sec from 3/1975 to 1/1976. The gamma levels 
began to increase in August 1976. OR 77-202 was issued in Nov. 1977 when the gamma level 
exceeded 200 counts/sec at 64 ft bgs. A maximum peak reading of 348 c/s was observed in June 1978 
after which the gamma activity began to decay to <50 c/s by December 1982. The rapid decay of 
gamma activity in the drywell indicated that the gamma was Ru-106. Additional logging data was also 
presented and discussed for drywell 11-04-10. No gamma activity was observed below the tank bottom 
level , however peak gamma activity was measured at about 5 ft bgs in 1975. The gamma activity 
appears to have increased in the early 1980s and then remained relatively constant through 1995. In 
1996 near surface plumes of Cs-137 and Eu-154 were measured using the spectral gamma logging 
system . The presence of Eu-154, the sharp peak and low levels ( < 100 pCi/g) of Cs-137 indicate that 
the spectral gamma measured at drywell 11-04-10 may have been contained in a near surface transfer 
line nearby. However, the presence of <1 pCi/g of Cs-137 between 10 ft bgs and 40 ft bgs indicates that 
a transfer line may have leaked or other releases may have occurred. 

Correspondence in 1978 from R. Routson and S. Stalos concluded that the gamma activity in drywell 
11-04-08 was from a leak in tank AX-104, because a condensate header leak would have intersected 
other drywells also (contained in HNF-4872, Rev. A, Volume 11). 

The locations of pipelines and other potential leak sources around the tank were discussed. In addition 
to transfer lines running between tanks AX-103 and AX-104, parallel to the vapor header line, the 
transfer line also runs along the North side of tank AX-104. Two valve boxes are located near the South 
West corner of the tank, near drywell 11-04-08. Another condensate line runs North and South about 
50 ft to the west of tank AX-104 . Participants believed that the low Ru-106 activity was likely appeared 
to be an indication of a condensate, but questioned whether a release from 50 ft away would reach 
drywell 11-04-08. 

The following Leak and Non-leak hypotheses will be considered for the elicitation process to estimate 
the probability that the tank leaked. 

Leak Hypothesis: 

"The change in radioactivity in drywell 11-04-08 was caused by a leak from tank AX-104." 

No-Leak Hypothesis: 

"The change in radioactivity in dry well 11-04-08 resulted from a source or sources other than a tank 
leak and may include the AX farm ventilation system, transfer line leaks, operations releases and/or 
other sources. " 

Pipeline drawings will be further reviewed in the next meeting and the elicitation process will be started. 

Next Meeting: 

The next assessment team meeting is scheduled for June 26, 2014, 8:00 AM., Room A229. 

Actions: 

1. JGF - Prepare June 19, 2014 meeting summary and elicitation forms. 

2. KJH - Provide description/drawings showing pipelines surrounding tank AX-104 and particular 
any pipel ines or possible leak sources near drywell 11-04-08. 

3. All - Review AX-104 meeting minutes. 
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A4. MEETING #4, JUNE 26, 2014 

MEETING SUMMARY 

SUBJECT: Tank AX-104 Integrity Assessment Meeting #4 

TO: 

Distribution 

FROM: 

D. G. Baide 

DEPARTMENT-OPERATION-COMPONENT 

Engineering - Tank and Pipeline Integrity 

Distribution: 

D. G. Baide1 

J. G. Field1 

C. L. Girardot 

D. G. Harlow1 

K. J. Hull 1 

N. W. Kirch1
'
2 

J. G. Schofield 

D. W. Strasser1 

D. J. Washenfelder1
·
2 

1 Attendee 
2Not a voting participant 

Purpose: 

BUILDING: 

2750E/A-229 

CHAIRMAN: 

J. G. Field 

AREA SHIFT 

200-E 

DATE OF NUMBER 
MEETING ATTENDING 

06/26/2014 7 

The purpose of the meeting was to continue the tank AX-104 integrity assessment. Specifically to 
review additional pipe and transfer line drawings, to discuss thoughts and impressions from each 
participant, based on the information reviewed , and to walk through the elicitation process to quantify 
probability estimates for each participant. 

Review of Previous Meeting: 

The June 19, 2014 meeting summary was reviewed and discussed. The meeting summary was 
approved with minor edits. It was suggested that sometimes it is difficult to distinguish between gross 
gamma data and spectral data and it is important to clearly differentiate between the two in the integrity 
assessment report. 

It was noted that previous errors in the distance between tank AX-104, drywalls surrounding the tank 
and the AX-104 leak detection pit were corrected . The appropriate coordinates for drywell 11-04-07 will 
be included in the AX-104 integrity assessment report. The position away from the tank appears to be 
correct (see email attached). Neither historical total gamma nor spectral gamma subsurface 
radioactivity was measured in drywell 11-04-07. 
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AX-104 Pipe and Transfer Line Drawings: 

The following tank drawings showing transfer lines, condensate lines, valve pits, and flush pits near tank 
AX-104 were reviewed: 

• H-2-44590, Structural Encasement-Tank farm Area Footing Plan & Elevations, PUREX 241AX 
Tank Farm. 

• H-2-44588, Structural Encasement 241-AX-151 to 241-AX-152 Elevations and Sections. 

• H-2-69241, Piping Plan 241-AX Tank Farm. 

The drawings show support beams along the ventilation headers extending to the base of the AX Farm 
tanks. It was noted that soils may be more loosely compacted around the support beams creating a 
preferential flow pathway. The excavation slopes from the west side toward tank AX-104 and the 
ventilation header running between tanks AX-103 and AX-104 and between tanks AX-101 and AX-102 
also has a gradual slope from West to East. 

It was noted that valve pits in the drawings were constructed before 1975 and may be a source of spills, 
however, like a tank leak, a waste leak from a valve pit or valve flush pit would be expected to show 
higher gamma activity and additional radionuclides present as compared to the low levels of Ru-106 that 
were measured in drywell 11-04-08. 

In addition to the ventilation header lines between the AX farm tanks and about 50 ft to the West of Tank 
AX-104, Drawing H-2-69241 shows a condensate drain line from tank AY-102 that runs beneath the 
241-AX-A valve pit and close to the 11-04-08 drywell (See Figure 1 ). The conclusion in OR 77-202 that 
tank AX-104 may have leaked was based on the determination that it is highly improbable that waste 
could have flowed from the ventilation header running between the tanks to drywell 11-04-08 and not 
have been seen in drywell 11-04-10 or 11 -04-19. However, OR 77-202 and related correspondence do 
not mention potential runoff from side slopes, valve and flush pit releases or the condensate drain line 
from tank AY-102 as other potential sources. Tank integrity assessment team members concluded that 
these appeared to viable sources for the gamma activity observed at drywell 11-04-08. 

In discussing tank AX-104 drawings, it was noted that there was no mastic between the steel liner and 
concrete for the AX farm tanks as for other SSTs. Consequently, if the liner leaked, waste should move 
more readily to the bottom of the tank and to the leak detection pit. 

Round the Table Observations: 

Each of the participants shared observations and thoughts regarding the information presented and 
discussed during the 4 AX-104 integrity assessment meetings. All of the participants indicated that the 
data did not appear to support a tank leak. The following general observations were made: Liquid level 
decreases reported in OR 77-19 have been explained and did not appear to be a concern in the past; 
the LDP liquid level continually decreased and should increase for a tank leak; radioactivity at drywell 
11-04-08 likely didn't originate from the ventilation header dresser coupling leaks between the tanks and 
it appears to be too low to be from a tank leak, but appears to be consistent with a condensate leak; if 
the tank leaked, other radionuclides such as Cs-137 or Co-60 would be expected in spectral gamma 
scans; a leak from ventilation lines near drywell 11-04-08, flush pit leaks or surface runoff and migration 
are viable sources for the Ru-106 in drywell 11-04-08 
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Dennis Washenfelder then walked through the elicitation process and probability scores were assigned 
by each team participant present. Scores from participants not present will be obtained independent of 
the meeting. Individual elicitation scores and bases will be included in the AX-104 integrity assessment 
report. 

Next Meeting: 
This meeting concludes the AX-104 assessments. Elicitation scores and inputs will be obtained 
independently from participants who were not able to attend this meeting. The meeting summary and 
elicitation results will be included in the AX-104 integrity assessment report. The report will be 
distributed for review the week of July 7. 

Actions: 

1. JGF - Prepare and distribute June 26, 2014 meeting summary for review. 

2. JGF - Verify correct coordinates for drywell 11-04-07. 

3. All - Provide elicitation scores (if not yet completed) and basis for assigned scores. Scores 
provided during Meeting #4 may be adjusted if desired. 

4. All - Review AX-104 Meeting #4 summary. 
JGF - Prepare draft AX-104 integrity assessment report and distribute for review. 
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Figure 1. Piping Near Drywell 11-04-08 in AX Tank Farm (From H-2-69241) 
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Attachment: Email Regarding Location of Drywell 11-04-07. 

Field.Jim G 

Fn,m: 
Sent: 
To; 

Paul Henwood < phenwood stoller.cnm > 
Wednesday, March U. 2014 6:03 PM 
Fiekl, Jim G; ·mba46 @ecy.wa.gov'; Alzheimer, Jim {Washington Oeparlment of 
Emlog)'); Caggiano. Joseph; Johnso!\ Jeremy M; Fort, lesfie A; Mathey, Jared 
{Washington Oeparlment of Ecology); Hopkins;. Andrea M 
AX Farm Assewnent 
T241AX.pdf 

I was d by the leak ment team to determine why borehole 11~07 Wl6 drilled at uch a distance 
from lank AX-104. The Tank Summary Data Report stated the following: 

Borehole I I .(},U)7 i1 locate.ti approximaJely 50 ft from the 1owh-1rnuhwest side of tanJt AX-104 and 11-w ii,en 
the Hanford Sile de1ignt11ion 299-E25-l 2/. According to the driller's record, the borehole constrwction began 
in Marclt 19'75 to a depth of96/t and i1 D.Ullmed to have been completed with 6-in. ca.sing. n, driller's r cord 
d«z not indicme whe.th r the borehol 11-w perforate.ti or gro111ed. 

Hanford Wells (Cltamnus and Merz 1993) placu the locaiion of this boreho/,e within 1 ft of borehole I /.()4-19. 
As-built drawing H-2-36935 identifies borehole 11-04-07 in the same location tu Hanford WeUs, bw the 
drawing dou not show bor, hole I / -{}:1.-/9. Wtute Storage TanJt Su1t11S alltl Leak lxtection Oituia (Welry 
1988), th PUREX Sol/Tee Aggregate Area Mt1n11geme,u SNlliy Repon (DOE 1992! alltlfi Id ob n,wions 
noted on the Log Data Sheet place the borehoks ar the location, shown on Ficwe 2. An internal memarandllnl 
r,iferre.d to borehole Jl.()4-19 being drill d to the SOIMht!ast of borehok JJ-04-08 (Stalos /978). It is possible 
th boreho/,es 11--ere mirlabeled JOm time after /978.. Therefor the locations shOttln on finv, 2 are pnsented 
as the ntDSI accurme. ff(J',f,'t!vt!T, git.'t!n th tWCII.J ion above, the location, are 81ilpecl al but and should be II.Jed 
accordingly. 

Borehole 11-04--19 iJ approximarely 3fifrom the JOllr!Hollthwen side of tarlc AX-10$. It was ii.en the Hanford 
Site designOJion 199-E25-/47. Thu boreh<H was drilled in March 1978 toa de:pth of 125ft and 11-w complet d 
with ~in. casing. According 10 the drillu's record, the boreho/,e ""ru grD111ed bw not perforared. An 8-in. 
stane.r casing was in8talled 10 a d pth of I 8 ft, b111 was rtfflOlled after completion of th boreho/,e. Sixry-three 
gal of grDIII was added between th ~in. and 6-in. pipes, and 9 gal of grollt was adde.d to the bottom of the 
borehot 

My inlErpretation/speculalion follows; 

Borehole 11-04-07 (299-E2>-121) was drilled in 1975 along with the other AX-104 boreholes exa:pt 11-04-19 
which was drilled in 1978. I don't know why it would be so di tant from the tank but a borehole is field 
verified lo be located approximately 50 ft southwe I from the tank. II may have been drilled for reasons othec 
than close monitorin of tank AX- 104 such a coi.ncident investigation of two valve pits (241-AX-A and 241-
AX-B) and a diversion bm {241-A Y-1 S2} in the near vicinity (see auached). I suspect ii w intended to be 
dnlled much deeper (e.g. 150 ft but hit an obstruction at 96 ft and the drillin was t.enninated. In any eve nt, it 
appe it was given a tan farni number d ign ing it in the 7 o ' clock posit.ion. 

Borehole 11-04-19 (299-E2>- 147) appea,s to be localed correctly. It was probably dri lled in 1978 due lo a 
concern of a possible tank leak as contamination had shown up in 11-04-08. Contemporaneous map and 
namilives in 1979 indical.e the location very near to the southwe t location from lank AX- 104, "southeast of 11-
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04-0 ." I believe it was conventi n to name the location from mili tary time 1900, thus 11-0 -19) bccau ~ the 
07 clock po. ition was already occupied. 

Trercforc, I beli ve th approximate location and sequence of events support ll'c map below. However. the 
Hanford coordinates used for borehole 11 -04-07 in the map below were adjusted fr m the Han~ rd VI 11s 
database on the b ·i of fi Id tape m urem nt from 11-04- 19; Hanford Well s coordinat orth 41.5 . West 
.n.5 6 were ch, n<' d to orth 41 5 5. We t 47.686. To be complete] accurate, an thcr sUIVe ·ho11ld be 
pc~ m1ed and the Hanford Well lnfonnati n Sy tern (m IS) updated, if necessary. 

I on led are five hall w b rchole (le s than _o fl) that were drilled around the 24 1-AX- 1 2D m, rsi n 
Box, 241 - -15 CT Cat h Tank. and 241 -AX- alve Pit (sec attached). lnfonnation from these reholcs 
could be in ludcd in ur Leak As ment Report, if available. Otherwise, they could be included in the AX 

GLS re -ba line. 
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Figure 2. Plan View of Tanks and Bereholes in 1he Al< Tank Farm 
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Figure from email attachment (p 72 of Hanford Site Atlas). 
Snapshot showing correct location of Drywell 11-04-07 (299-E25-121) 
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AS. EXECUTIVE SAFETY REVIEW BOARD MEETING, AUGUST 25, 2014 

EXECUTIVE SAFETY REVIEW BOARD 
Meeting Minutes 

Meeting No: 
Date: 
Time: 
Location: 
ESRBcmail: 

2014-25 
August 25, 2014 
I :00 p.m. - 2:00 p.m. 
2425 Stevens/ CR 208 
"ESRB 

ESRB Members and Delc2.atcs (*in attendance): 
• ESRB Chair/ Project Manager - Dave Olson Internal Audit Manager - Rick KofmeW 

• ESRB Vice Chair/ Chief Operating Officer • One System IPT Manager - Bill Condon 
- Wyatt Clark 
• ESRB Sponsor/ ESH&Q Manager - Robert * Organizational Performance Improvement 

Wilkinson (Delegate: Steve Metzger) Manager - John McDonald 
• Business Operations Manager - Brian • Production Operations Manager - Kent 

Thomas (Delegate: Janyce Shelt) Smi.th 
• Chief Engineer - David Little (Delegate: • Project Integration Manager - Amy Basche 

Walt Isom) 
• Chief of Staff - Ray Skwarek • Quality Assurance Manager - Will Eaton 

• Contractor Assurance Manager / ESRB • SST Retrieval & Closure Manager - Doug 
Facilitator - Mike Peloquin Greenwell 

• Deputy Project Manager - Chris Burroughs • Tank Farm Projects Manager - Rob 
Gregory 

• General Counsel - Gloria Johnson (Delegate: 
Steve Cherry) 

ESRB Suooort: Betsy Blank 
Guests/Support Staff in Attendance: 

William Duffy Jim Keene 
Diane Cato Darren Merrill 
Rosalyn Page Lonnie Flowers 
Grant Ryan Keely Hurley 
Jessica Joyner Ashley Kunz 
Jim Field Pamela Bailey (ORP) 
Rod Holland Brandon Williamson (ORP) 
Presentations: 

• AX- I 04 Integrity Assessment Briefing 

• WIPP JONs Review Against Tank Farm Processes 

• ESRB Action Review 

The Executive Safety Review Board (ESRB) met on August 25, 2014. The above attendee list 
identifies ESRB voting members, delegates, support staff, presenters and guests in attendance. 

The meeting began with a safety topic regarding a PNNL lessons learned involving an accident 
between a cyclist and a truck, resulting in a broken hand and 56 stitches in his leg. Drivers are 
responsible to treat bicycles as legal vehicles-and equal users of the road-and to be alert to their 
whereabouts. Cyclists must recognize the unique risks-and vulnerability-they face compared to 
drivers. Driving safety is also especially important this time of year with school starting. Be alert 
to the location of chi ldren and be ready to react to quick movements or unexpected situations. 

8127/14 
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• Complete Assessment of Hazard Analyses Supporting Tank Operations Contractor Hazard 
Category 2 and 3 Facilities (FY2014-ENG-S-0393). Detennine applicability of JON 3 from 
the WIPP radiological release event in relation to tank farm processes, and identify 
opportunities for correction or improvement. Submit PERs based on results of the assessment. 

- Assigned to: Diane Cato 
- Due date: 9/30/14 

• Using results of the Assessment of Hazard Analyses Supporting Tank Operations Contractor 
Hazard Category 2 and 3 Facilities (FY2014-ENG-S-0393), determine applicability of JONs 5 
and 6 from the WIPP radiological release event in relation to tank farm processes, and identify 
opportunities for correction or improvement. Submit PERs based on results of the assessment. 

- Assigned to: Diane Cato 
- Due date: 10/30/14 

• Assist ORP in achieving the goal of clearly specifying the use of performance reporting results 
to encourage conservative reporting and communicate lessons learned. Recommended action is 
to work with ORP to remove these types of criteria and incentivize reporting of these types of 
issues. Refer to JON 26 for details. 

- Assigned to Mike Peloquin 
- Due date: 10/30/14 

• Evaluate the criteria used to detennine prioritization of maintenance and repairs to maintain a 
high state of operational readiness. Determine if criteria are consistent throughout TOC (TFP, 
RET/CLO, Production OPS, LABS). Refer to JON 29 for details. 

Assigned to Keely Hurley 
- Due date: 10/30/ 14 

AX-104 Integrity Assessment Briefing 
Jim Field presented results of the integrity assessment for Tank 241-AX- l 04 and requested ESRB 
concurrence with the assessment recommendation that this tank be reclassified as "sound." 
Information presented to the ESRB included the WRPS leak assessment process, the basis for 
determining that AX-104 was an assumed leaker, and characteristics ofthis tank. 

Conclusions/Recommendations: 

• Low probability of tank leak (<4%) 
- Tank liquid level decreases accounted for by evaporation 
- Low radiation levels, and liquid level decreases in LDP are contrary to a tank leak 
- Low radiation levels in drywells 
- Other probable sources identified for radioactivity in drywells 

• Recommendations: 
- Issue AX-104 Integrity Assessment Report (RPP-ASMT-57574) 
- Change tank AX-I 04 integrity status from "Assumed Leaker'' to "Sound" following review 

with ORP and Ecology 

8127/201 4 
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ESRB Members concurred with the assessment recommendation that Tank 241-AX-l 04 be 
reclassified as "sound." Next steps for WRPS Engineering will be to brief ORP and Ecology, and 
update the Waste Tank Summary Report" (HNF-EP-0182). 

WIPP JONs Review against Tank Farm Processes 
Two major events occurred at the U.S. Department of Energy (DOE) Waste Isolation Pilot Plant 
(WIPP) near Carlsbad, New Mexico. On February 5, 2014, an underground mine fire involving a 
salt haul truck occurred, and less than a week later, there was a significant radiological release 
event, both occurring at the WIPP facility. 

In response to these events, WRPS Subject Matter Experts (SMEs) evaluated the Judgments of 
Need (JONs) from the DOE Office of Environmental Management Accident Investigation Report 
against tank farm processes to determine applicability and identify potential opportunities for 
improvement. The purpose of this presentation was for the SMEs to brief ESRB Members on 
results of the evaluation on the radiological release event JONs. A second presentation is 
scheduled in September to review evaluations related to the salt haul truck event. 

The areas evaluated related to the WIPP radiological release event were Nuclear Safety, 
Emergency Preparedness, Integrated Safety Management, Contractor Assurance, Conduct of 
Operations, Maintenance, Engineering, Radiological Controls, and staffing. Areas of applicability 
were noted, with evidence presented to demonstrate where tank farm processes were in place. For 
JONs which were applicable and where opportunities for improvement exist, actions were 
recommended for either further evaluation or correction. 

Based on SME evaluations of WIPP JONs, five JONs were identified as Applicable with actions 
required or recommended: 

JON 3 - Nuclear Safety - Assessment of Hazard Analyses Supporting Tank Operations 
Contractor Hazard Category 2 and 3 Facilities (FY2014-ENG-S-0393) initiated on 8/04/14, 
with completion by 9/30/14. 
JON 5 - 6 - Nuclear Safety - Actions to address these JONs are dependent on the outcome of 
completing the assessment recommended for JON 3. 
JON 26 - Contractor Assurance - WRPS needs to assist ORP in achieving the goal of clearly 
specifying the use of performance reporting results to encourage conservative reporting and 
communicate lessons learned. Recommended action is to work with ORP to remove these 
types of criteria and incentivize reporting of these types of issues. 
JON 29 - Maintenance - Evaluation of criteria used to determine prioritization of maintenance 
and repairs to maintain a high state of operational readiness. Evaluation will also be needed to 
determine if criteria are consistent throughout TOC (TFP, RET/CLO, Production OPS, LABS). 

Actions identified above will be entered as ESRB actions in EST ARS and tracked through to 
closure. 

Two ESRB actions were recently closed and three ESRB actions remain open. 

The following ESRB actions were recently closed: 

WRPS-ESRB-2014-0019, assigned to John McDonald, to document the Chemical Vapor 
Solutions Team (CVST) governance as part of the formal process. 

8127/2014 
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o The action closure referenced text from TOC Charter 21, which states that the CYST 
will report periodically to the President's Accident Prevention Council and interact with 
the Employee Accident Prevention Councils as needed to integrate activities on tank 
vapors. 

• WRPS-ESRB-2014-0017, assigned to Mike Peloquin, required an evaluation of the Root Cause 
Analysis process to determine if(a) qualifications for Team Lead are appropriate or if 
allowances can be made for performance of team lead function under the direction or guidance 
of another qualified analyst, (b) process or protocol improvements are warranted to gain 
efficiency, (c) there is a need to train and qualify additional root cause analysts. 

o The action closure stated that (a) Team Lead qualifications are adequate and were 
developed from previous weaknesses identified in the process. (b) There are some 
process efficiencies in being worked and a LEAN review will consider others. (c) 
There is a need for additional trained cause analysts. CAS is working with Production 
Operations, Projects and others to determine who should be trained. WRPS currently 
has an approved 3-day course and two outside vendor bids for an onsite course. CAS 
will work with the frontline projects to detennine which course to proceed with. 

No information in this meeting resulted in the need to issue a PER. 

No information from in this meeting needs to be added to the Risk Matrix. 

ESRB MEETING NO. 2014-25 RECORDS: 
I. ESRB Attendance Roster, 8/25/14 
2. ESRB Agenda, 8/25/14 
3. Approved Meeting Minutes and Attachments for 8/25/14 

APPROVED BY: ~z~~ DATE: 
R. E. Wilkinson:riBsponsor 

Distribution: 

A. Basche R. Gregory M. Peloquin 
C. Burrows G. Johnson R. Skwarek 
W. Clark R. Kofmehl D. K. Smith 
W. Condon D. Little B. Thomas 
W. Eaton J. McDonald R. Wilkinson 
R. D. Greenwell L. D. Olson 
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Tank 241-AX-104 Leak ASNMment Expert Ellcltatlon Form 
(From HNF-3747, Rev. O) 

Elicitation Date : 6126/2014 

Elic itation from: J. G. Field 

El icitation by: D. J. Washenfelder 

Hypotheses: 

Leaker: 

Non-Leaker: 

Toe change in radioactMty in dry'M!II 11-04-08 was caused by a leak from tank AX-104. 

The change in radioactr.tty in dry1NeU 11-04-08 rest.ited from a source or SOLl"Ces other than 
a lank leak, and may include AX farm Yentilatlon system, transfer line leaks, operations 
releases or other soll'ces. 

p(L) 

0.60 

Prior Probablllty • Part 1 

True Stat. 

NL 

p(NL) 

0.40 

Conditional Probabllltlea 

Llldlhood Ratio 

L·NL 

Clo 

1.50 

In-Tank Data Surface Level Measurement - Part 2 

p(SLMIL) 
Surface Level (If no SLM, enter NA 

p(SLM)NL) L(SLM) 
Measurement here and in Parts 4 

and 5) 

0.30 0.70 0.43 

In.Tank Data Liquid Ob•rvation Well - Part 3 

p(LOW)L) 
Liquid Ob,ervation (if no LOW, enter NA 

p(LOW)NL) L(LOW) 
W•II here and in Parts 4 

and 5) 

NA NA 1.00 

Basi s 

AX Farm tanks are high heat tanks, nore likety to haw leaked. 

I 
j 

I 

Liquid \e'\lel decreases exceeding criteria 'Nel'e determined to be due to 
ncreased evaporation and liquid le~ in the LOPs continually decreased: 
ndicating the tank did not leak. Howe-.er, surface level meetSurements and 
ewporation estimates are uncertain for high heat tanks and it was speciAated 
hat the AX--104 LOP may haW! leaked. 

p(L) • "prior" probab• y that an anlM!Wd sound lank ha1 leaked given only two pieces ol inlorn"Blbn: t 
ill a ~hel lank, and l ii ether a high-heat tank or not. A~ specil'lc data on past surfa ce level 
droPt, or ex-tankradioactivly m111urem1nts ar, ignored. 

p(JII.) •"prior"'problb• y thalan a11l#ffld soundt.ankhH nol leakedgiY1nthe Hlrre data. p(JII.) • 1-

p(L) 

n., • -~oddli'lfavorollhlleakhypothe1il . flo•p(L)/p(t-1..) 

Conaioerhg the surface lllv,I m111ur1m1nC data reviewed lor the leak IISHIITl!!nt: 

p(Sl.14-) • rposterior") probablty ht the swf•ce lllvel rreasur•rrent data wOlAd be observed. if the 
tanlcll•leaker. 

p(Sl~) • rpo1terlo'1 probablty that the surface llvel measurement deta wo!Jd ba oblernd . ii the 

tlnlclsanon- lulwr. p(SU,f,l.)•1-p(SU,.f.) 

l (SlMJ .. p(~)lp(su.f,I.). ' surface ltVII dlt• lfe not •vallble ,or tM IHk HSHSrr.nt, !hen 
L(SlMJ • I 

r !hare are several e111ntlatj redundanC surface level IT'Hlurements (e.g .• &RAF, Fe. MT), the 

probabaiel should be 11111sed «-, ror the rT'Ofl diagnoslic and relabM one. 

Contldeffig the ntersttie l lquid lent date reviewed for the Itek HHIIITl!!nt: 

p(L(MJ..) • rpo11erior1 probab• y that lhl LOWlnterstiill lquid ltvelmltl woutt ba observed. if !hi 
tanlcls•leaker. 

p(LO/,.f'L)) • rposterbr"] problblty that thl LOW lntersttla1 lquid level <tat• woukt be observed. ii lhe 
lanlclsnolaleaker. p(LO/,.f'L) •l·p(L(MJ..) 

L(Lo.N) • p(LCMJ.)fp(L~). I LOWftersttial lquid leYet data are not avallble for !he leak 
HSHSrrent, lhenl(LON)•1 
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Tank 241-AX-104 Lea k A-anent Expert B lcltatlon Form 
(From HNF.J747, Re v. O) 

Surface Lewi Measurement - Liquid Ot>Nrvation Well lntarde~ndence - Part4 

Surface Lewi 
MeaM.1rement -

p(SLMILOW,L) 
Liquid ObN rvation 

(if no LOW, enter NA) 
p(SLMILOW,NL) ljSLM/LOW) 

Well 
Interdependence 

NA NA 1.00 

Liquid Ob•rvation Well - Surface Leve l MeaM.lrement lntarde~ndenee - Part 5 

Liquid Observation 
Well -Surface 

p(LOWISLM,L) 
Level p(LOW!SLM,NL) 4 LOWISLM) 

Meaaurement 
(if no SLM, enter NA) 

Interdependence 

NA NA 1.00 

Ex-Tank Data - Gro• Gamma Orywell log•- Part 6 

p(GGl)L) 
Gross Gamma (if no GGL enter NA 

p(GGl)NL) 
Orywell Logs here and In Parts 8 4GGL) 

and 9) 

0.20 0,80 0,25 

Ex-Tank Data - Spectra l Gamma Drywa ll Logs - Part 7 

p(SGl)L) 
S~c1ral Gamma (if no SGL. enter NA 

p(SGl)NL) 4SGL) 
Orywe ll Logs here and in Parts 8 

and 9) 

0.40 0,60 0.67 

Gross gamma monitoring in dry'Nell 11-04-08 bet'M!en 1973 and 1995 cleal1y 
shows low gamma radioactMty near the base of the tank that has decayed 
wway ; indicating the presence of Ru-106 contamination. Agree 'Mth pre'ious 
studies that it is unlikety that the Ru-106 'MIS from the dresser coupling leak 
near the North edge of the tank. Ho~r. if the tank leaked, Ru-106 should 
ha-..e been much higher and other contaminants should ha-..e been obser.ied. 
Higher gamma acMty should also haw been obseM!d In the A.X-104 LOP. 
The low le-..els of gamma actMty remaining in the LOP can be explained by 

-..entillation header line connections to the LOP. The m06t likety cause 
appears to be a cOM:lensate leak: possibty from a line about 50 ft to the West 
hat migrated dov.nslope toward the drywell. but more likely from a 

condensate line ftom AY-102 lhat runs near 11--04-08 {see H-2-69241 i 
I 

Considering 1h11 n-tant,: data SOll'CH may be Interdependent: 

p(SlJ.1LOW,L) • rposlflio(') prOOlbMy 1h11 !ht s ... r1c• .Vel meas,nment dat1 woukl be obffrved J 
1h11 LC1Nlnter1ttlal lq(.lid llv•'da!a 1r1 oti.1rved. and ii' the tank ii a leaker. 

p(su.,l.OW,N,.) • rposlerlof") probabay that I s._.fac1 i.vel rt'el5Ul'tlfl'ffll data Would be observed W 
the LONWer&tl:lal IQtlkl llv•' maaslnrrent dat1 are observed. and r the tank ii I non.leaker. 
p(Su.,t.OW,N.) • 1 • p(su.,t.ON.L) 

L(SU.,LCMf). p(su.,t.ON,L)fp(SLJ.11-0N.N.) . I elher alKlace level ITIIIH ... ement data Of LON 
riterditial liquicl level data •r• not 1vallble for the le•k HHHIT'llnt. then L(SU.,LOYv') • 1. 

If there Is no LOW', s kip to the ne.d pwt. 

Con• ldlrlng that rt-tank datl SOll'CH ll'IIY be Her<tependlnt 

p(L°'""8lM,L) • rposlerior7 prOOlbay that !ht LO'Nnl:1rsllal lquid level data w(Xjd be obs1rved J 1 
sll11ce llvel ,,.. .. .,.,ment csecr,1" ii observed, and W the t1nk ii • le1ker. 

p(L0/"1SLM.N.) • rposlertor") probabay that I LO'N lntersttilll llquid level measur1rrwnt Ckcreas, 
wotAd be obltl'tled r I sl.l1ac1 l•v•' ,r .. &urement dec:rH&e ii observ1d. ind J the t•nk ii 1 ~ 
ltaker. p(LOA.151.M.N.) • 1. pp(LCM15LM.L) 

L( LCM4SIJ.-1 • p(L0/"1SI.M.L)/?(LOIAt51.M.N.) . I ether surface level dat1 or LOWritersHill lquid level 
data lrt not IVlllblil for the llak HHHIT'ent. !hen L(LOV\4SLM) • 1. 

If there Is no s urface 

p(GGLJ.) • rpos1erior7 probat>ay that lht gross 91ni-re logs wow:! be ~rved. J the link ii • le1ker. 

p(GGLJ,I.) •rpostertor")prOOlblitythalthe groH pni-re logswow:lbeobnrved, ii' the l1nkil a non· 
leaker.p(GGI.J,l..)• 1-p(GGI..J.) 

L(GGL) • p(~)fp(GGL1'1-). r gross garrrra logl •re not 1v1labte lor the leak IHenment, then 
L(00..)•1 

p(SGLJ.) • rpo11erlor1 problblly 1h11 !ht spectral garrrra dryw • I logl woutd be observed, J the link 
The SGLS shows no gamma actMty near the base of the tank , ftrther ia i ltikiH. 

confirming that no Cs-137 or other gamma contaminants were present near 
I he drywell. HoY,,eo,,er Ru-106 decayed away before the SGLS measurements p(SGl..J'I.) • rposteno(']probablly 1h11 the spectralprrrra rJrywel logs woutd be observed, Jthe t1nk 

were made. • 1 non• Inker. P<SGI.I-Ll • 1 • p(SGLJ.) 

L(GGl) • p(SGl.J.)fp(SGL1'(.). I 1pectr•I garrrra «ywel logs are not avallbl• for the leak IHIHff'ent. 
thtnl(SGl)• 1. 
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Tank 241-AX-104 Leak Auessment Expert Blcitatlon Form 
(From HNF--3747, Rev. 0) 

GroM Gemma Log - Spectral Gamma Log Interdependence • Part e 

Gross Gamma Log 
Spectral Gamma 

p(GG4SGL.L) p(GG4SGL.NL) UGG4SGL) 
Log 

Interdependence 

NA NA 1.00 

Spectral Gamma Log - Grou Gamma Log Interdependence • Part 9 

Spectral Gamma 
Log - Gross 

p(SG4GGL.L) p(SGl.jGGL.M.) USGl.jGGL) 
Gamma Log 

Interdependence 

0.20 0.80 0.25 

Combined Llldlhood Ratios 

L(SLM) L(LOW) IL(Sllq .. OW) L(LOWl5LM) 

o . .u , ... 1.00 1.00 

L(GGL) L(SGL) L(GGLl5GL) L(SGL(GGL) 

0.25 D.97 1.00 0.25 

Which In-Tank Condition Applies? (Mark X In Box) 

SLM&NoLOW? ~ 
LOW & NoSLM? 

SLM & LOW ; SLM most Important? (Mark Part 4 NA) 

SLM & LOW ; LOW most Important? (Mark Part 5 NA) 

I 
In-Tank Llkllhood I 

Ratio L(SLM,LOW) 

0.43 

Which Ex-Tank Condition Applies? (Mark X In Box) 

GGL&NoSGL? ~ 
SGL & No GGL? 

GGL & SGL; GGL most Important? (Mark Part 8 NA) 

GGL & SGL; SGL most Important? (Mark Part 9 NA) 

The SGLS and gross gamma ret.uns are consistant, but the historical gross 
gamma drywell logs and LOP monitoring data prO'Ade the better lnblmation 

sho'Mng contaminants are present near the drywell. indicating the tank 

Considering that e11•t•nk data soureH nay l>e inl•rdependenl: 

p(GGlfSGL,l) • rpost•rior1 probabMy that the gross gllffl'II bgs would be observed if the spectral 
gamra logs are sre <M:,Hrve<I. and if !hi, tank ii s le1k•1. 

p(GGlfSGL,M...) • nmt.rior1 probabMy that the gross gamr. logs would l>e observe<l ll' the spectral 
g• rnre logs Ire observed. Ind W the lank ii• non-asker. p(GGLISGL.N.) • 1. p(GG4SGL.l) 

l (GGlfSGl) • p(GGl.JSGL,l)IJ)(GG4SGl.M...). r either gron gamr. logs or speetr1I galffl'II bg• are 
not 111atabte for the teak ISSHIITl!U'it , then l (GGLJSGL) • 1. 

Col191derhg lhal ell•t•nk dal• soureH nay be inl•rdependent; 

p(SGl..,IGGL.l ) • rposterbt1 prOOlbMy that the SJ)M:lr•I garm11 bgl; would be observ•d W the gross 

gamra logs 1r1 obHrved. •nd if ttM tank jg • ttaMr. 

probably did not leak and sho'Mng possible sources for the gamma p(SGLµ.l ,N.) • rpost•rbr'"] probablty lhallhasp,Ktral garnTa logswolAttl>eobHrve<lll'ttM groH 

contaminants. The SGLS logging res Lits do not change probabtlity estimates glrnTa logs 1r• 1r• obHrve<I. •nd ll' ttM tank jg• non-le,~r. p(GG4SGL,N.) • 1 • p(SGl.,GGL,l ) 

based on gross gamma alone. 

See Cell F53 

L(SGI.PGl) •p(~.L)}p(~.N.). l dh•rgrossg• m-ralogsOfS?Klrlllgamnalogs11• 
not•111iable for the te•kHSHSment, then L(SGLIGGL) • , _ 

' SLM and no LON. L(SLML°"" • l(S~ 
if LOIJll1nd no SlM l (SLML°"" • l(l°"" 
I SLM1ndlOIJll1nct SLM®SI ~nt: l (Sl.ML°"" • l(LO'v\1SLM) 11 L{SU., 
I SLM and LOIJ\land LCWrmsl ~nt: l (SlMLOVv') • l (SU.,LOVv') 11 l{LOVv') 
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Vl 

I 
Combined ,) 

Ukallhood Ratio 
for Leak Hypothetla 

Note• and Key : 

Manual entries (Ellclted probabllltiea) 

SLM: Surface Le\el Measurements 

LOW: liquid Observation Well 

G~ L: Gross Gamma Log 

SGL: Spectral Gamma log 

Po8rlor Probability for Leak Hypothelia 

p{41n,u) p{NL,n,u) 

0.04 0.96 

For elicited probablllttu, the ratio column la Prll)lp('"INL). 

L{SGL,GGL) 

0.06 

L(ln,u) 

0.03 

o, 

0.04 

Tank 241-AX-11M LHk A-..,,• nt Expert Ellcltatlon Form 
(From HNF-3747, Rav. O) 

r GGl and no SGL L(SGL,00.) • L(GGL) 

f SGL and no GGl: L(SGl.,GGL) • L(SGL) 
r GGl and SGl 1nd 00. rro11 rrp>rtant. L(SGL, GGL) • L(SGL1GGL) 11 L(GGL) 
r GGl Ind SGl. Ind SGl. rroll ln'portant: L(SGI.. GGL) • L(GGLISGl) )I l (LSGL) 

L(l\,e11) • L(SLML~ 11 L(SGL.GGL) 

0, • polllrklr (po1t .... 1k HIHl!Nnl:) oddl I\ r1vor of kllk hypolhnll. O,• L(l\ ,H ) X (lo 
p(l."l,H)•poat1rior p,obablty (posl .... lkHHUtnent) thllthetankll a ktaker . (LJn,ex) • OJ(0 , •1 ) 
p(~.ex) • posterior probablty (posl--•k IIIHIIT'l!nt) that the tank II I le1klr. p("LJrl.111) • , . 

p(l."l,H ) 
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Tank 2•1-AX-104 Leak A•u.,nent Expert Ellcl tatlon Form 
(From HNF-37•7, Rev. 0) 

Blcl tatl on Date: 6126/2014 

B lcltatlon from: C. L Girardot 

B lcltatlon by: D. J. Washenfelder 

Hypothe• ~ 

Leaker: 

Non-Leaker: 

The change in radioactMty in drywell 11-04-08 was caused by a leak from lank AX-104. 

The change in radioactMty in drywell 11-04-08 resiJl:ed tom a source or tOU"Cet other than 
a tank leak , and may include AX farm wntilation system, transfer line leaks , operations 
releases or other SOI.Ken. 

PILI 

0.50 

Prior Probability - Part 1 

True State 

NL 

p(Nl) 

0.50 

Condltlonal Probabllltlu 

LUdlhood Ratio 

L·NL 

Clo 

1.00 

In-Tank Data Surface Leve l MeaMJtement - Part 2 

p(SLMIL) 
Surface Lev. I (Ir no SLM, enter NA 

p(SLMINLI L(SLM) 
Measurement here and in Parts 4 

and 5) 

0.30 0.70 0.43 

In-Tank Data Liquid Ob•rvation Well - Part 3 

p(LOWIL) 
Liquid Ob•rvatlon (if no LOW, enter NA 

p(LOWINL) L(LOW) 
Well here and in Parts 4 

and 5) 

NA NA 1.00 

Many SST• ha-.-e pre\Aousty been idffltllled as assumed leakers. Many high 

heat SSTs in A and SX Farms ha-..e also been identilled as ha\Ang a liner leak. 

p(l) •9prior" pr®-biaythllM! 111un-adM>tmtaMhl1 l11kadgH11n~ twopiecH ol l'llor1Ntlon. I 
II a lhge-4hel tank, and 111 •ttt.r a high-heat tank or not. Arr, •~Ifie data on pail IU'fae41 lav-4 
dropl OfH-tlnkradioactirrtly ITIIH!A'.ITllf'CI at• QN)l'ed. 

Ho~. the design of AX Farm tanks was fikety better than A and SXFanns. p(N..) ••priof- probtiblty that anaHmied aotmtankhls notMakedgiYenthe HITW! data. p(N..) • I• 
AX Farm was a new design so there could h.we many issues dunng p(L) 
constructkln that -.w,re not reportedlrecowred. 

The tank was undergoing shJclng In 19TT so liquid lew-1 data was charging 
rrequently and could haw masked a small leak. Ho'Mtl.-'er, there were no 
eports indicating any liquid leYel anomalies . The LOP liquid le\lel dkt not 

show any Increases (the LOP le~ 'M3S actually decreasing) v.tlich shoutd 
haw been expected if the tank 'Mt! leaking. 

, 

n. • "prior" odds n favor of 1M: Ink ~pothHil. n. • p(l)lp(l'I..) 

ConliMrlng tM M.lflac• lllval ITIIHW•n.nl data r•vlllwtd !or tM Ink aHHlrrenl: 

p(Sl.J4.) • rposterlor1 problbiay that h 1wlac• lllvel ITIIHU'etrenl data woutt be obHrvtd, r 1M: 
tankll1laak1r. 

p(S~) • rpo1t•rlor1 p,oblt«y thll ttMi 1U"fac• litvel rre11urerrent data w~ ti. obHrvtd, f h 
t&nk il anon- litakar. p(~)•1 - p(SU,1..) 

l(SI.Mj • p(Sl.J4.)/p(~ ). r 1wlac• litv•I data •r• noc ava .. t::. lor the i.ak Hlffsrrent. !Mn 
l (~•1 

r tti.r• ar• MYlfal Hllnllat,, redundant s!Sf.c• i.v.i rre11w•rrents (•-D- , EM\A.F, FC, MT). h 
pr®-biaiff lhoulcl be aHHHd ont, lor h mof. dilgnostx: and reilble OM. 

~thelnter1ttllllql.i:llevaldatarev11wtdf0fthti1ll1k1111H~-

p(LCJlvl4.) • rpo111fior1 probtibily 1h11 lhe LOWwt•r1tlill/lquid llval datl woutt be obHrved, I the 
llnkllaltaker. 

p(LCMf'I.)) • rpostulor1 problt«y that thti LOW nt•r1tlla1 lqulcl lev•I data woutl be oburvtd. I the 

tank is nol a ltak..-. p(l°"""'") • 1 • p(LOY4,) 

l (l(Mo) • p(LCJl,\f..)/p(l°"""'"). r LOWrllersHIII lquid level dat1 er• not 1vaillMI for IN luk 
•UH1rrent.lhenl(l(Mo)•1 
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Tank 241-AX-104 Leak ANesane nt Expert Blclt.atlon Form 
(From HNF.J747, Rev. 0) 

Surface Level Measurement - Liquid ObNrvatlon We ll lnterdepende nc• - Part 4 

Surface Lev•I 
MealUrement-

p(SLMI\.OW ,l ) 
Liquid Ob111rvatlon p(SLMILOW,NL) l(SLMILOW) 

Well 
(ifno LOW, enter NA) 

Interdependence 

NA NA 1.00 

Liquid Ob111rvatlon Well - Surface Level Meaaurement lntardependence - Part 5 

Liquid Ob•rvatlon 
Wall - Surface 

p(LOWISLM,l ) 
Lev•I p(LOWISLM.Nl.) l(LOWJSLM) 

Measureme nt 
(if no SLM , enter NA) 

lnt.rd•pend• nce 

NA NA 1.00 

Ex-Tank Data - Gro• Gamma Drywa ll Logs - Part e 

p(GGL(L) 
GroaGamma (if no GGL enter NA 

p(GGl.jNL) l(GGL) 
Orywell Logs here and in Parts 8 

and 9) 

0.25 0.75 0.33 

Ex-Tank Data - Spectral Gamma Orywe ll Logs - Part 7 

p(SGl.jl) 
Spectral Gamma (if no SGL. enter NA 

p(SGLjNL) l(SGL) 
Drywell Logs here and ln Parts 8 

and 9) 

0.05 0.95 0.05 

The gross gamma logs and the leak detection pit data counteract one 

C-oMiderhg thal M ank data sources rr.y bt lnterdependenl: 

p(SLJ..t.OW,L) • rposterlor1 probablty Iha! the stxface level rr.H1. .. men1 dlta woud be obserod W 

the LOWlnlerstkial lquid level data are observed, •nd if the lank ii a leaker. 

p(SU4-0W.N..) ., rposterlor7 probabay that a st.l'face llvel rn1nurern1nl dlta woud be observed W 

the LOW lnterstkial lquid level mea&ll"flnenl data are observed, •nd If the tanlit ii a non-.aker. 
p(SLt4-0W.N..) • 1 • p(SL.>4-0W,L) 

L(Sl.MJ.(Mi) • p(SlJ4.0W,L)/p(SlJ4.0W,N..) . r dher Sll'1ace level rr.aaurerr.nt data or LOW 
intersUiaJ lquld level data 11e not availbte lor the leak HHHmenl, then L(SLJ4.°"" • 1. 

If there is no LOW, skip lo lhe n•~ parl, 

p(LOV'4S,LM.L) • rposterbf1 problbay that the LOWlntlfsttill lquid level ct•ta woutt be observed r 1 
si.rface level n-eHurement decrHH ii obHrved. and W the tank II • leaker. 

p(LCJIJ\fSLM.N..) ., rposteriorj problblty that• LOWftersttill lqud level measurement decrease 
woutd be obNrved It a si.rface level n· .. s1.nmenl decrease ii observed, ind if the lllnlit ii , -
leaker. p(LOA1SLM,N..) •I· pp(LQl.4SLM.L) 

L(L~ • p(L~l)/J)(LCM1$LM.N..) . r ether surface level data or LO\NlntarsHill lquld lev•I 
data are notavdablt for the 11,kassessirent, then L(l~ • I. 

another. Gfoss gamma indicates radioactMy about 10 ft below the bottom of J)(GGLJ.)•rposterlor1probabiay thatthegroH 91rma logs wc,utjbe observed, ii' the tank ii a lleker. 
he tank \liohlch coud indicate a tank leak. Hov,,,ever, the gross gamma \81ues t 

declined "'4th time indicating e artier data was Ukety Ru-106. Sampling of the J)(GGL,.._) • rpost1rior1 probablty lhll the g,011 91rmw bg• woutd ti. observed, f the tank .ii a non -
LOP indicates very low levels of radioactMty . If the tank was leaking then leaker - p(GGI..,.._) • 1 • p(GGl.J.) 
radioactMly in the LOP should haw been orders of magnitude higher than 
v.hat was actualty encountered. 

Spectral gamma logs indicate wry low le-..el Cs-137 ln the drywells, likely 
background lewls. Nothing that appears to indicate a tank leak. · 

L(GGL.) • p(GGLJ.)/p(GGL,.._)_ ' 9fOSI gsrma bgs Ira not avallbll for the leak HHSSIT"ent then 
L(GGL.)•1 

Considering the spectral 91rma drywel bgs review ad lor !he leak a11HS!n!nl: 

p(SGlJ.) • rposteriof1 protNbiay 1h11 !he spectral 91rma dr(wel bgs wot.Ad be observed. W the tank 

il• llaker. 

p(SGl,._) • rposlerbf1 probablty 1h11 the apectr•lgarmw drywelbgt wot.Ad be observed. if the tank 
ii• non - leaker. p(SGl.Jl-) • 1 - p(SGI..J.) 

l(GGL.) • p(SGlJ.)/p(SGl,._)_ r spectral gamra drywel bgs are not avalabte for the leak HHHrrenl. 
thenL(SGl) •I. 
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Tank 241-AX-104 Lea k A--.nent Expert Blcitation Form 
{From HNF.J747, Rev. 0) 

Gro• Gamm• Log - Spectral Gamm• Log Inte rdependence - Part e 

Gross Gamma Log 
Spectral Gamma 

p(GGl.jSGL.L) p(GGl.jSGL.NL) l.jGGl.jSGL) 
Log 

Interdependence 

0.10 0.90 0.11 

Spectral Gamma Log - Gro• Gamma Log Interdependence - Part 9 

Spectral Gamma 
Log - Grou 

p(SGl.jGGL.L) p(SGl.jGGL.NL) L(SGl.jGGL) 
Gamma Log 

Interdependence 

NA NA 1.00 

Combined LUdlhood Ratios 

L(SLM) L(LOW) IL(SLMILOW) L(LOWISLMI 

O.CI 1,00 1.00 1.00 

L(OGLI L(SGL) L(GGLfSGL) L(SGL(GGL) 

0.33 0.05 0.11 1.00 

Which In-Tank Cond ition Applies? (Mark X In Box) 

SLM&NoLOW? ~ 
LOW &No SLM? 

SLM & LOW; SLM most Important? (Mark Part 4 NA) 

SLM & LOW ; LOW molt Important? (Mark Part 5 NA) 

I 
In-Tank Llklihood I 

Ratio 
L(SLM,LOW) 

0.43 

Which Ex-Tank Condition Applles? (Mark X In Box) 

GGL&NoSGL? ~ 
SGL & No GGL? 

GGL & SGL; GGL molt Important? (Mark Part 8 NA) 

GGL & SGL; SGL most Important? (Mark Part 9 NA) 

Considering that H-laok dlitl IOllfCH m• y be interdependent: 

p(QG45Gl,l) • rpo• teror1 probablty thlt thl gfOH Qlrm9 loQS wC>laf be obteNed if the lpe<:tr1I 
lflhe tank was leaklng then the spectral gamma logs should indicate higher ;anmi 1091, • r• ar1observed, and if thl tank ii I le•kar. 
levets ofCs-137 than Wlat was actually reported. The earlier gross gamma 
logs indicate radioactr.tty but was likety the mobile R~106 "'1ich could h~ p(GGL)S(il.M..) •rpo1,erlor")problblty thltthl groH ; • rrrre lo;swould be obteNedil' thl spectral 

come from a wriety of sources other than the tank itself. g• lm9 log5 1r1 ot.erved. ind if thl link ii I non-llaker. p(~Gl./11..) • 1 - p(GGljSGLL) 

l{GGL.fSGl) • p(GG4SGL.l)lp(GGl.lSGL.N.). r ,..,_r groH ; • rm-a logs or 1pectral garrrra logs •re 
not av1lablll !or the IHkHHHffllnt. lhen l (GGl,l:SGL) • 1. 

Consider;,; that H-tank dlila so...-ces nwy be Interdependent 

p(SGLfGGl.l) • rposlerior") problbay that the spectrll garrrra lo;s woud be ob9et'Yed if the gross 
91rrrre lo;s lrl obuN.cl, Ind if thl link la I l11ker. 

p(SGLtGGl.M..) • rpo1lerklf1 probablty that the spectral ; • rmw lo;s wOI.Ad be obHN.ci II' thl gross 
91rrrra lopl ara 1r1 ob9eNld, and II' the tank ii I non-leaker. p(GGlfSGL,111.) • 1 • p(SGLjGGl,l ) 

L(SGLjGGl) • p(SGI.PQ.,l ) lp(SGLIGGL.111.) . r ether groH galT'ffll lo;s or spectral garrrra logs •re 
not avalabte for !he leak HHHnwnl, then l(Sf34GGL) • 1. 

r SLM Ind no LON. l(SLML~ • l (SU., 
if LOW ind no SLM l (SLML~ • l (l~ 
'SLM and LOW and SlMrTOltirrpoftant: l (SLMLQIN) • L(l°""'5U,,\ 11 L(SU., 
I SLM and LOW and LOWrTOsl ~Int: L(SLML~ • L(SL,.,LQIN) 11 L(LQIN) 
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I
I Combined ,1 Likelihood Ratio 
for Leak Hypothe9's 

Notes and Key: 

Manual entries (Blclted probabllltiea) 

SLM: Surface Le-.el Measurements 

LOW: Liquid Obs ervation Well 

GGL..: Gross Gamma Log 

SGL: Spectral Gamma Log 

Posterior Probability fof Leak Hypothells 

p(LJln,ex) p(NLJn,ex) 

0.0025 1.00 

For eUclted probabllltfes, the ratio column Is p(•fL)'p("INL). 

L(SGL.GGL) 

0.01 

41n,H) 

0.00 

o, 

0.00 

Tank 241-AX-10o1 LHk A-an•nt Expert B icltatlon Form 
(From HNF..3747. Rev. 0) 

I GGL • nd no SGl: L(SGl.GGl) • L(GGl) 
r SGL Ind no GGL: L(SGL,GGL) • l(SGL) 
JGGl..1nd SGl1ndGGl. rro1t f'll)Ortant: l(SGl., GGl) • L(SGl..)3,Gt.) x L(GGL) 
I GGl • nd SGL Ind SGl rn,sl "l)Ortant: l (SGL, GGL) • l (GGL~Gl) ll l (LSGL) 

Lfn ,111) • L(SLMLON) 11 L(SGL.GGL) 

a.• post• rbf (posl4HkHHHtrari) odd& n lavor ol lHk hypothHia. n ,• l(lrux) 11 0o 
P(I.Jn,ex) • poslerbrprobabay (po1t-lt1kHHHrreri) that the tank ii • leaker. (LJn,ex) • OJ (0, +1 ) 
p(~.ex) • posterior probablly (post-leak HHssrrent) that the tank 15 • leaker. p(M..Jn, .. ) • 1-

p(I.Jn,ex) 
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Blcltatlon Date : 

Elicitation from : 

El icitation by: 

Hypotheses: 

Leaker: 

Non-Leaker: 

0:, 
I -0 

Tank 241.,AX.104 Leak AueNment Expert B lcitation Form 

(From HNF.J747, Rev. O) 

6126/2014 

0. G. Hartow 

D. J. Washenfe~r 

The change in radioactr.tty In dry'Nen 11-04-08 v.es caused by a leak from tank AJ(..104. 

The change in radioactM.y in drywetl 11-04-08 reslJt.ed from a source or acuces Olher than 
a tank leak, and may Include AX farm ~nt~ation system, transfer line leaks , operations 
releases or other sOU'cet. 

Prior Probability. Part 1 

True State 

L NL 

PILI p(NL) 

0,60 0,40 

Conditional Probabllltles 

LUdlhood Ratio 

L ·NL 

Clo 

1.50 

ln•Tenk Oeta Suf'1'ace Level Mea.,rement • Put 2 

p(SLMIL) 
Suf'1'ace Level (If no SLM, enter NA 

p(SLMINL) L(SLM) 
Measurement here and In Parts 4 

ond 5) 

0.10 0.90 0.11 

In.Tank Data Liquid ObNfYatlon Well. Part 3 

p(LOWIL) 
Liquid Ob•rvatfon (if no LCJ,N, enter NA 

p(LOWJNL) L(LOW ) 
Well here and In Parts 4 

and 5) 

NA NA 1.00 

Tank AX-104 was a high heat tank \\1th a se-.<eral month period near 450"F 
wt-ichnwy hweaffectlldhtankhr. 

p(L) • ·priof9 probllblty Iha! an Haurred llound tank has Inked ginn or-, two piacH of Wonralion: I 
la ._.....Ml tank. and Ila ether• high-heat tank or not. Arr, spe<:ifk:dlta onpastsurl•c• level 
cl-op,sote.11-taricradioacti¥lyrreHU'ffl'ttnls•r•lgnorl'd. 

p(tt..) •·prior"'proti.blty thetanHaurred .ot.n:ttaMhas notle11Gtdgi¥1nthl .. ,,.. data. p(N.) • 1. 

p(l) 

n., • .priof9 odds rl lavor ol lhl IHk hypothHil. n. • p(l)/p(tt..) 

p(SU4,) • rpost•rlor1 probalbay that the surfau llvel ,,.. .. ur,ment data wOIJd bl ob&erved. 11 thl 

trillsllakff. 

Liquid IM decreases were reported to be caused by evaporation. The LOP p(~) • rpostffl0f1 probablty thlt the surfa<:1 level rrenurement data wOIJd bl observed, I the 

liquid l~ l 'Mlich can Increase from sewrl non tank ~ak sources stlov.ed a trill anon.leaker. p(S~) • 1 • p(~) 

slow decrease 01Jer time probably from evaporation. 

NA 

L(SU4 • p(SIJ4.)lp(~). ' li."flCI llveldata .,. not •vii•'- for the le•kHIHIINnl. !Mn 
l(SlJ4•1 

r lhefe •• Hnral 1111ntialy rldurmnt aurrace Irle! ,,..HU'lff'6ntl (e.g. . ~F. Fe, MT). Iha 
probalbllits ~ bl HHHed oni,, for Iha l't'l)f• diagnostic and reia~ one. 

ConsideringlheNersttilllqulclllYeldlta revitwedfor !he leakHHHm&nt 

p(LCMt,..) • r'post• rlor1 probllblty that !he LON lntersttiel lquid 11¥11 dlltll would be observed. If thl 

tanklla llaker. 

p(LCJY-4'L)) • ['polterior1 p,oblblty lhat !he LONi'lterattil l lquid leYeldata woutl bl observed. I the 
tank lanot a llaklr. p(LOY,.,Jll.)•1-p(l °"'-) 

L(LCJY,,l)•p(LOY.f.)/p(LOY,.,JII.) . f l0Ni'lt1r1Hlll lquid lev1l da t1 ar1not 1v1illlbteforthl leak 
HHHmtnl. thin L(LON) • 1 
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Tank 241-AX-104 Leak Aueument Expert Blcltation Form 
(From HNF..3747, Rev. 0) 

Surface Level Measurement- Liquid Observation Well lntllllrdependence - Part 4 

Surface Level 
Measurement -

p(SLMILOW,L) 
Liquid Ob•rvation p(SLMILOW.NL) L(SLMILOW) 

Well 
(if no LOW, enter NA) 

Interdependence 

NA NA 1.00 

Liquid Obaervation Well - Surface Level Measurement lntudependence - Part 5 

Liquid Observation 
Well - Surface 

p(LOWl5LM,L) Level p(LOWISLM,Nl) L(LOWISLM) 
Measurement 

(If no SLM, enter NA) 

Interdependence 

NA NA 1.00 

Ex-Tank Data - Grou Gamma Orywell Logs . Part 6 

p(GGL(L) 
Gro•Gamma (if no GGL, enter NA 

p(GG4NL) L(GGL) 
Drywell Logs here and in Parts 8 

and 9) 

0.25 0.75 0.33 

Ex-Tank Data - Spectral Gamma Orywell Loga - Part 7 

p(SG4L) 
Spectra l Gamma (if no SGL. enter NA 

p(SG4 NL) L(SGL) 
Orywell Logs here and in Parts 8 

and 9) 

0.05 0.95 0.05 

NA 

NA 

t 

t 

There is a possibility that initial gr0&s gamma logs might ha\Ae indicated a 
ank tiner leak especially drywell 11~. The drywells bet'M!!:en 11-04-08 

and the kf"IOIM'l radioactMty between the tanks did indicate radioactMty 
suggesting that the 11-04--08 dryweH was from a tank leak. However 
subsequent gr06s gamma logs indicated IO'M!t and lower radioactMy YAlich 
was not indicative of a tank leak. In addition a tank finer leak would seem to 
fc>Howthe liner dov.f'I to the drain slots under the tank to the LOP as opposed 
o finding a way through the concrete and out to drywell 11-04-08. The gra&s 

gamma sample le'-'!I& in the LOP were also not indicati'-'! or a tank leak. 

Spectral gamma indicated ~ry little Cs 137 Yohich was se-.eral O{ders of 
magnitude lower than ....t.at might be expected from a tank leak. 

Considerng that n-ta~ data aowces rniy be n,rdependent: 

p(SU4-0N,L) • rpos11r1Df1 probllbiay 1h11 lhl 1url1c1 level mHluremtnt data w~ be observ.ct If 
thl LCM'inler&ttlal lql.a:I level data are obwrvld, and if lhe link ii • leaker. 

p(SU4-0N.N..) • rposterior") probabiay that a aurtece level mtasurement <Ala w~ be obcerved if 
thl LOWlrl.er&tlial lqo.Jid lev1l n-auur1rrent date sr1 observed, end If the tank II I non-luker. 

p(~ON,N..) • 1 • p(SIJ4.0W,L) 

L(Su.t-0#) • p(SL~ OW.L)lp(Sl.tvf.OW,N..) , r 1ihlr surfec• level ITHSllfl rTll nt data or LOW 
rterulill lquld level data 1r1 not available for lhl leak HIIHmtnl, then L(SlJ4.0N) • 1. 

If there ls no LOW, s kip to th• nut part. 

p(LCM4$l.M.L) • rpoatlflor") prot>abay 1h11 the LOWint1rsttil l lquid level date wouk! bl observ.ct ll' • 
sui'ace level measuren-ant decrease ii obHrvld, and If the tank ii a lea qr, 

D(LCM1SlM,N..) • rposterlor1 probablly that a LON!nterstiial lqUid level measurerrent decrease 
woukl be obwrvld If a s urface level measuren-ent deer ease la obc1rvld, and r the link II I no~ 
leeker. p(L~LM,N..)• 1·pp(LCM15LM.L) 

L(L~. p(LCM4SLM,L)/p(LCM15LM.N..) . r ehr aurflCI level data or LOWrllerdllal lquid level 
data are not 1valable for lhe leak HSffSrTllnl, lhen LfLOMSu.t • 1. 

C-onaideri'lg the hatorical groH garrrra dryw el logs reviewed for the leak IHIHl'l'l!nt: 

p(GGLJ.) • rposter1Df1 probeblty that the gross garmw bgl woukt bl obaerved, 11' the lank is a leaker. 

p(GGL,-L) • rposteriof1 problblty that the gross gamnt bgl woukt be observed, if the tank Is a non -
leaker. p(GGl,-L) • 1 • p(GGLJ.) 

L(GGL) • p(GGLJ.)/p(GGL,-L), r gross garrrra logs are not avallbte for the leak HHHmtnl. then 
L(OO..) • I 

C-onaider-,g the 1peetr1I ganYl'II oryw,I bgl reviewed for the lea k assessment 

p(SGLJ.) • rJ,osteriot1 prOOlbay that lhe speetral garmw drywel L?gl wol-kl be observed. f the link 
is1 leaker. 

p(SGL,-L) • r posterior") problbily that the spectral ganma dtywll bgs w~ be observed. if lhe tank 
is a non - leaker. p(SGL,..) • 1-p(SGLJ.) 

UGGI..) • p(SGI..J.)lp(SGL,-L). r spectral ganma dtyw d bgl are not avalable !or the leak IHIHmenl, 
thenl(SGl..)• 1. 
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Tank 241-AX·104 Leak AMennent Expert B lcltatlon Form 
(From HNF--3747, Rev, 0) 

Gross Gamma Log • Spectral Gamma Log Interdependence • Part 8 

Gross Gamma log 
Spectral Gamma 

p(GGL.ISGLL) p(GGL.ISGLNL) l.(GGL.ISGL) 
Log 

Interdependence 

0.35 0.65 0.54 

Spectral Gamma Log • Gross Gamma Log lnt.rdependence • Part 9 

Spectral Gamma 
Log• Gross 

p(SGL.IGGLL) p(SGljGGLNL) l.(SGL.fGGL) 
Gamma Log 

Interdependence 

NA NA 1.00 

Combined Llklihood Ratios 

L(SLM) L(LOW} IL(SLMp.OW) L(LOWl5LM) 

0.11 1.00 1.00 1.00 

L(GOL) L(SGL} L(GGLl5GL} L(SGLfGGL} 
0.33 0.05 0.$1 1.00 

Which In.Tank Condi tion Appllu ? {Mark X In Box) 

SLM &NoLOW? § 
LOW & NoSLM? 

SLM & LOW ; SLM mod Important? (Mark Part 4 NA) 

SLM & LOW ; LOW mod Important? (Mark Part 5 NA) 

I 
In-Tank Llldihood I 

Ratio 
l.(SLM.LOW) 

0.11 

Which EJC.Tank Condition Appllu? (Mark X In Box) 

GGL&NoSGL? ~ 
SGL & No GGL? 

GGL & SGL; GGL mod Important? (Mark Part 8 NA) 

GGL & SGL; SGL most important? (Mark Part 9 NA) 

The gross gamma logs stlo'M!d the poss ibility of a tank leak at first and the 

p(GGLISGL,l ) • rpo1lerlor7 problblly that the gross garrrrw logs w oukl be observed Ir the s pectral 
garrrrw logs • rl 1r1 observed, and if the tank II I lt1ker. 

spectrat gamma data didn, support a leaking tank. p(~N..) • rpos tlriof") probeblly that lhe gross g11rm-. logs woutd be obMrved it the spectral 
galTml logs lrl obs1rv1d, Ind if th• link ii I non-l•• kef. p(GGLfSGl,111..) • 1 • p(GGlfSGl,L) 

L(GGl.JSGl) • p(GGI..JSGl.L)1p(GGl...$SGl,III.) . I 11h11' gross g• rrnw logs or s pectral ganma bgtc v1 
not avallble !or the ltak HSIHIIWnl, then L(GGl.lSGL) • 1. 

t:onsideri'lgthllu-•t•nkdat1s01XcH rraybenterde-pu'ldent: 

p(SGl..PGL,L) • rpo1t1rlor7 probebiiy thlt !he spectral galTml logs woud be ~rved if !he gross 
garrrrw logs are observed. and if the tank II 1 )e1kef. 

Taken together the data defines the situation better than either of the data 

• ets indMdualty, and they do not contradict each other. p(SGLfGGL.N..) • fposteriof1probl!llblty that lhe 1pectralgsl'ffl'8 '°91 woud be observed if !he gron 
plTml logs • re ire obnfved. and r the ta,-.:• 1 non4e1ker. p(GGl.fSGl,N..) • 1. p(SGlPGl,.l) 

L(SGLfGGt} • p(SGUGQ..L) lp(SGl.lGGL,N..) . I ether gross garrrrw k>gs or 1pectr1I g1rrm1 logs are 
not IV• ll!lble for the IHk IHffSJTent, then USGl.lGGL) • 1. 

rSLMandnolON: L(SlM,LONJ•USu.t 
if LCWand no SLM l (SLM.LOI-J) • ULOWJ 
rSLM1ndLOW1ndSlMm,sfrtl)Ortant: USLMLQIN) •l(L~~x l (S~ 
r SLM and LOW and LCWm:ist iTport1nt: USLMLO'.'v? • USlJ.1l.ON) x L(LO'IN) 

2g 
""O 
I 

> (/:, 

~ ..., 
I 
V, 
-..J 
V, 
-..J 

~.f;;,. 

~ 
~ 

:< 
0 

se _. 
0 
N 
0 _. 
.;::,. 

_. 
_. 
6 
(J1 

)> 

~ 

0) 

0 ...., 



bj 
I 

I 
CombirMtd ,1 

Likelihood Ratio 
for Leak Hypothula 

Notes and Key: 

Manual • ntrles (Bicl19d probabllltl•a) 

SLM: Surface LM Measurements 

LOW: Liquid Obser.etion Well 

GGL Gross Gamma Log 

SGL Spectral Gamma Log 

Po•rlor Probability for L•ak HypotMlfs 

p(Lfln,u) p(NL! n,u) 

0.0047 1.00 

For elicite d probabilitie s, the ratio column Is p{"JL)lp(•INL). 

L{SGL,GGL) 

0.03 

L(ln,ex) 

0.00 

n, 

0.00 

Tank 241-AX-104 Leak Aseean•nt Expert B lcltatlon Form 
(From HNF-3747, R•v. 0) 

r GGland no SGL: L(SGL,GGl) • L(GGl..) 

I SGl and no GGL: L(SGL.GGL) • L(SGL) 
r GGLand SGl and GGl.. m>al i'rportanl: L(SGL, GGI.) • L(SGlpGl..) 11 L(GGI.) 

r GGL Ind SGl Ind SGL n"OII "1)0'1:art: L(SGl, GGl) • L(GGl.fSGl) 11 L(LSGL) 

L(h .a11 ) • L(SLM.LONJ II L(SGL.GGL) 

n, • poatfflOI' (posl•Hk HHHll'9fli) odds h favor of IHk hypothHII. n ,- L(ln,111) II ~ 
p(l,Jn,e11) • posterior probllbay (post-teak Hsessrrel'1) that the tank is a leaker. (L~.a11) • o ,11 n,+1 ) 
p(~,a11) • postarior probablily (post-teak HHssrrenl) that tha t•nk is a leaker. p(l'f..,n,111) • 1 • 

p(LJn.111) 
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Tank 241-AX-1<M LHk Assessment Expert Elici tation Form 

(Fro m HNF.J747, Rev. 0) 

Elicitation Date : 612612014 

El lcltation from : J. S. Schollefd 

El lcltation by: D. J. Wa&henfelder 

Hypotheses: 

Leaker: 

Non-Leaker: 

The change In radioacti>Aty in dry>Mel1 11-04-08 'NaS caused by a leak trom tank AX-104. 

The change in radioactr.tty in dry>Melt 11-04-08 resLAted trom a SOUfce or sotsces other than 

a tank leak. and may include AX farm '-"!ntilation system, tran&fer line leaks, operations 
releases or other SOLXCe& . 

p(L) 

0.33 

Prior Probability - Part 1 

True State 

NL 

p(NL) 

0.67 

Conditiona l Probabilities 

Llkllhood Ratio 

L·NL 

Oo 

0.49 

In-Tank Data Surface Level Meaa,rement. Part 2 

p(SLMIL) 
Surface Level (tf no SLM, enter NA 

p(SLMINL) l.(SLM) Measurement here and In Parts 4 

and 5) 

0.025 0.98 0.03 

In-Tank Data Liquid Ob•rvatlon Well - Part 3 

p(LOWIL) 
Liquid Ob•rvatlon (if no LOW, enter NA 

p(LOWINL) l.(LOW) 
Well here and ln Parts 4 

and 5) 

NA NA 1.00 

Chose 33% because roughly 16% of SSTs ha..e probably leaked, and 'M>lad 
be a higher probability for a high heat tank to leak, even though AX tanks are 
nev,.,est SST design. 

Would al.....-aya see a le\Jel decrease in this tank .....tth the high heat. W()ljd 

p(L) • "prior" problbay 1h111n IHl.l'r"ad solm tank hH leaked gt.ten Of'i'f two piece• ol fll orrretlon: I 
ls a singll• hel l•nlc. •nd I ls elher • high.heat tank or not. Ar,y specific datl on past 1url.c:• level 
di-ops or ex-tank r.dioKt;.lty rn!:ISurements are ignored. 

p(N..) • "prior" probeblay 1h11 an 111ared sOll'ld tank hH not leaked gt.,,n the same data. p(N..) • 1-
p(l) 

(lo• "prior" odds In favor of the leak hypothesis. {lo• p(L)/J>(N..) 

p(SL,.._) • rposterlor1 probebily !Mt the ,urf1ce !Ivel me11urenwrt data wow:! be observed. ii the 
tank It a leaker. 

only see a leak ifit was much greater than evaporation rate. If tank leaked, p(~) • rPot,terior,problblty lhltthe surlac• levelme11uremertdala wol.i:l be obsarved, " the 

I eak V¥OUld otMously be small based upon all other available data. link ls a non - leaker. p(Su.,.L) • 1 - p(SIJ4.) 
Subjectl'.ely chose lowlo0lue of 2.5% because LOP showed no leak e\4dence 
due to lack of radiation on smears. L(~ • p(Su.-f-)IJ>(~ ). r 1url1ce level data ire not 1vallble for the leak a11essmert, then 

L(Sl~•1 

r there ;are ,ever.I HHnli• t/ redundart 1url.c:e level me11uremem (e.g .. &JRA.F, FK:. MT), the 

probabaies shoW:t be a11e11ed or-,, for ttw rror• diagnostic and 1elabte one. 

Conslclerhg the inleraW.I k!IJd level data reviewed lor the leak HHHment: 

p(Lo.\J.) • rpost..-ior, prot.blay !hat the LONlnterstllll lquid level data woutf be observed, r the 
llnkiaaleaker. 

p(L~)) .. rpo,1,nor, prot.bay that the LON inleraW.l lquid lev•I datl woutl be observed. ii the 
tankillnot11eaker. p(L~)• 1-p(l(M,J.) 

L(LONJ • p(Lo.\J.)lp(LCMJI.). r LON inlersllill lquid level data are not available for the leak 
lllellmtnl, then L(Lo.,\I) " 1 
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Tank 2C1-AX-10o1 Luk A .. ssment Expert B icltation Form 
(From HNF~7C7, Rev. 0) 

Surface Level Measurement - Liquid Observation Well Interdependence - Part 41 

Surface Level 
Meall.lrement -

p(SLM/LOW,L) 
Liquid Ob• rvaffon p(SLM/LOW,NL) L(SLM/LOW) 

Well 
(ifno LOW, enter NA) 

Inte rdependence 

NA NA 1.00 

Liquid Observation Well - Surface Lewi Mea ll.lrement Interdependence - Part 5 

Liquid Observation 
Well - Surface 

p(LOW/SLM,L) 
Level p(LOW/SLM,NL) L(LOWJSLM) 

Measurement 
(rf no SLM, enter NA) 

Interdependence 

NA NA 1.00 

Ex-Tank Data - Gross Gamma Drywell Logs- Part 6 

p(GGLjl) 

Groa Gamma (if no GGL. enter NA 
p(GGLJNL) L(GGL) 

Drywall Log s here and in Parts 8 
and 9) 

0. 10 0.90 0.1 1 

Ex-Tank Data - Spectral Gamm• Drywell Logs- Part7 

p(SGL/L) 
Spectra l Gamma (if no SGL, enter NA 

p(SGLJNL) L(SGL) 
Drywe ll Logs here and in Parts 8 

and 9) 

0.10 0.90 0.11 

r 
r 

Subjectiwly feel there is a 50% chance any leak v.ill show up in a dry~I. 
Rate 'M>llkl be less for a smatl leak, mOfe for a large leak. Howe-..er, since 
gross gamma was oriy Ru-Rh-106 and feel there shoukl be some Cs-1 37 
egardless of soil retention, judged there was only a 20% chance the actual 
esutts seen V¥Olid be due to tank leak. This was further reduced to 10% 

since there was nothing in the leak detection pit smears, and the LOP is 
being addressed as another ex-tank LO method for this assessment. 

p(SU-1,..0W.L) • rposterior1 probiiblty that the surface leveln·e.surement data wotAd be observed If 
the LON lrl:&rsOOal iquid level data are observed, end If the tank le a leaker. 

p(SU4,.0NJI.) • rposlerlof1 pobablty that I st.riace level measurement data wOIAd be observed l 
the LCl'Ninlersltial lquid level mHSurerrenl data are observed, and l the lank is I non4eaker. 
p(S..,,._ON,,..._) • 1 • p(SIJ4.0N,L) 

L(SU.,.(11,/J,. p(SU.,..CMI.L)lp(SU4CMI_,..._) . r ether surface level measurement data or LON 
lnlers:ttiallquid leveldat1 aft. not available for the leak assessment, then L(SLJ.,J.O,N) • 1. 

lfthe r , is no LOW, skip lo t he ne.t par t. 

p(LCM,sl.ML) • rpo.teriof1 poblblty thal lhe LONinlersttial lquid leVel data wouk:I be obeerved la 
•urlace level rreHur~nt decr111e II observed, and l the tank ii a leaker. 

p(LCN\ot,SlM.PII..) • rposte,iof1 probabilty that a LONintersttial lquid leVII rreHIKerrent deCrlHI 
would bl ob5erved if I surface levelr,·aa1w1men1: decrease le obllerved, and if the Ulnk ii I no~ 

leaktr. p(LCM1SlM,,..._) " I• pp(L0/"15LM.L) 

l(L~ • p(LCM4SLM,L)/p(L~LM,PII..). r 1ttt.rsurfac1 llveldat1 or LONinlersllllllquid level 
dlltJI are not 1v1lable ror the leak ISHHment, lhln L(LCJl.l.4SU., • 1. 

Conlldlnlg lhl hlstork:11 gross garrrra drywel b9s, reviewed for the leak assessmenl: 

p(GGlJ.) • rpostlrior"'] problblty that lhe gross garrrra bg1 wouk:I be observed, ii' the tank ii a ltaker. 

p(GGl,-L) • rposterlor1 pobablty that the gross garmw k)gs wOIJkj be observed, if the tank ii I non -
ltlk&r. p(GGl,-._) • 1 • p(GGI..J.) 

l(GGl) • p(GGLJ,.)lp(GGl.,a.). r gross garrrra bg1 are no! 1v1lebm lor the leak assessment. then 
l(GGL) .. , 

Conlidert,g the 1pectr1lg1rrrra drywel bgl rev iewed for the leak assessment: 

p(SGLJ.) • rposteriOJ1 pobabilty that lhe spectral gafTffll drywel bgs wOIAd be observed, if the tank 

Chose 10'%.. I feel if there Is a tank leak, some Cs-1 37 v.i ll be present despite 11 • leaker. 

soil holdup. Thus the spectral gamma shov.tng no Cs-137 if there were a leak p(SGt."'-) . rposterlor") problblly that the spectral garrrra drywel bgs w ould be observed. it the tank 

was judged lo be 10'%. for consistency 'Mth part 6. ii I noo - leaker. p(SGl"'-l • 1 • p(SGLJ.) 

l(GGl) • p(SGLJ..)lp(SGL"'-). r spectral garrrra drywel bgs are nol avelable lor the leak assessrrent , 
lhenl(SGl.)" 1. 
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Tank 241~-104 Leak As,es:sment Expert Elicitation Form 
(From HNF..3747, Rev. O) 

Gross Gamma Log - Spectra l Gamma Log lntar<Mpendenc• - Part 8 

Gross Gamma Log 
Spectral Gamma 

p(GGL(SGLL) p(GGL(SGLNL) L(GGL(SGL) 
Log 

Interdependence 

0.50 0.50 1.00 

Spectral Gamma Log - Groa Gamma Log lntarct.pendence • Part 9 

Spectral Gamma 
Log• Gross 

p(SGL(GGLL) p(SG'-IGGLNL) L(SGLfGGL) 
Gamma Log 

Interdependence 

NA NA 1.00 

Combined Llklihood Ratios 

L(SLM) L(I.OW) IL(SLM!LOW) L(I.OWl5LM) 

0.03 1.00 1.00 1.00 

L(GGL) L(SGL) L(GGl.JSGL) L(SGL(GGL) 

0.11 0.11 1.00 1.00 

Which In-Tank Condition Appllu? (Mark X In Box) 

SLM&NoLOW? ~ 
LOW & No SLM? 

SLM & LOW; SLM molt Important? (Mark Part 4 NA) 

SLM & LOW ; LOW most Important? (Mark Part 5 NA) 

· 1 In-Tank Llkllhood I 
Ratio 

L(SLM.LOW) 

0.03 

Which Ex-Tank Condition Appl lea? (Mark X In Box) 

GGL& No SGL? ~ 
SGL & No GGL? 

GGL & SGL; GGL most important? (Mark Part 8 NA) 

GGL & SGL; SGL molt Important? (Mark Part 9 NA) 

c.omicltri'lg thlt u-tank data aoUl'ces m1y be interdependent: 

p(GGLJSGl.L) • rposterlor""'] probllblty that the gross gum-. logs wota:I be observed if the spectr,I 
There Is a 99+% chance gross gamma 'MIi show up if the spectral gamma gamra logs ,,e,reobHrved. and iftht tanttil • IHQr. 

sho'ws something, but the spectral gamma didn1. show any Cs-137. The 
gross gamma shmng Ru-Rh-H)6 could occur rrom other sources than a tank p(GGllSGL.P\l.) • n,osterior"J probllbily that the gross gamra logs would be observed if the spectral 

I eak. so selected 50%. gamra logs •re observed, and if the t• nll ls • no,HHQr. p(GGlJSGl,P\l.) ,. 1 - p(GGlJSGl.L) 

L(GGt..jSGL) • p(GGl..lSGl,L)/'P(GGl..)SGL,P\l.). I •hr gross gemra logs or spectral gamn1 bgs •re 

not •v•lablt IOf the leak • sse• sment, then l(GGL)SGL) • 1. 

Consider~ that •••l•M dllt• SOtM"Cff ITIIY be nt1rdependent: 

p(SGtµ:,l.L) • rposterior"J probablty that the ~tral IJIITl'lW logs wota:l be obHrnd if the gro•s 
garma logs ar• observed. and If the tank is a leaker. 

p(SGl.JGGl.t<l.) • rposterior'"J probllblity that the spKtr111 gelfflll logs woud be obHrved if the gross 

galfflll logs are are observed. and if the tan« is a non-leaker. p(GGlt5GL,t<l.) • 1 • p(S~.L) 

L(SGlfGGL) • p(SGLJGGL.l) /p(5GWGGl.,t<l.). I • lher gros• g• lfflll bgs or spKtr• I g• rrma bg9 are 
not I Y• lablt !Of lhe leak Hlfflmlnf, then L(SGL,GGl) • 1. 

I SLManclno LON'. L(SLM,LOIAI) • l(S~ 

iflONandnoSLM L(SLMLOIAl) • l(LOW) 

I SLM1ncl LON• ncl SlMn-oal ITpOrtant: L(SLM,LOIAI) • l(L~~ x L(SL'-' 
I SLM and LCM'and LCM'll09t hl)Ortant: l(SlMLOIAI) • l(su.,t.CW) x l(LOWj 
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Notes and Key: 

I 
Ell-Tank Llkllhood I 

Ratio 

I 
Combined ,1 

Likelihood Ratio 
for Leak Hypotheab 

Manual entries (Ellclled probabllltles,I 

SLM: Surface Le\oel Measurements 

LOW: Liquid Observation Well 

GGL: Gross Gamma Log 

SGL: Spectral Gamma Log 

Posterior Probablllty for Leak Hypothe•• 

p(l.Jln ,ex) p(NL.n,ex) 

0.0014 0.9986 

For elicited probabilities. the ratio column Is PrlL)lp("fNL). 

L(SGL,GGL) 

0.11 

L(ln,ex) 

0.00 

a, 

0,0014 

Tank 241-AX-104 Leak ASNssment Expert Elici tation Form 
(From HNF.J747, Rev. 0) 

r GGl. and no SGl.: l(SGl.OGI..J • l(OGL) 
if SGL and no OGL l(SGL.GGL) • l(SGL) 
r GGl. and SGl and OGt rrost '11)0f1ant:: l(SGl, OGL) • l(SGl.fGGL) • l(GGl) 
r GGl. and SGL and SGL rrosl "l)Ortanl: L(SGL, GGl) • l(GGl.jSGL) )I l (LSGL) 

l {lrux) • L(SLM,LC7N) x L(SGL,00..) 

~ • posllfior (post-hak HHHmlnl) odds in faVOf of leak hypolhHis, 0,• L(in,H) ll (lo 
p(~.••) • posl1f'J)f problblty (post4uk HSH&menl) that the tank is a leaker. (l!n,u) • n,/(0,•1 ) 
p(~.ex) • posterior probablty (posl..-ak H1n1m1nl) that the tank ii a leaker, p(M.!n,H ) • 1-
p(l.Jn,ex) 
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Tank 241..AX-104 Leak A ... anent Expert Elicitation Fo,m 
(F,om HNF-3747, Rev. 0) 

8Icltation Date : 6/26/2014 

Blcltation from : K. J. Hull 

Blcltatlon by: 0. J. Washenfelder 

Hypotheses: 

Leaker: 

Non-Leaker: 

-------------

The change in radioactilofty In drywell 11--04--08 \WS caused by a leak ~om tank ~104. 

The change in radioaclMty in drywell 11-04-08 resulted fi"om a source or sOU"ces other than 
a tank leak, and may include AX farm wnUlation system, transfer tine leaks, operations 
releases or other sources . 

p(L) 

0.60 

Prior Probablllty - Part 1 

True State 

NL 

p(NL) 

0.40 

Conditional Probabllltiea 

Llkllhood Ratio 

L ·NL 

Oo 

1.50 

In-Tank Data Surface Lewi M• aan• ment - Part 2 

p(SLMIL) 
Surface Leve l (If no SLM, enter NA 

p(SLMJNL) L(SLM) 
Measu,ement here and in Parts 4 

and 5) 

0.15 0.85 0.18 

In-Tank 0.ta Liquid ObN,vatton Well - Part 3 

p(LOWIL) 
Liquid Ob•rvation (if no LOW, enter NA 

p(LOWINL) L(LOW) 
Well here and in Parts 4 

and 5) 

NA NA 1.00 

~ 104 is a high heat tank is more likely to ha\oe leaked than not. 

p(L) • '"prior"' probeblly !NI 1n • ssurrwd soood t• nk has Nl1ked gi¥1n orly two pieces ol lnlotm1tion: I 
is I si,glt•hll t•nk. •nd I ls either I high-he• ! t• nk ot not. A~ lpeclk clal• on PHI 11Kf1c1 Nlv.i 
dropt ot 111-tank r• dio• cllllity ma• surement• • re ignoted. 

p(N..) • · prlo(" probeblty thsl •n assumed sound tank 1'181 not leaked givitn the •• me data. p(N..) • I• 
p( l ) 

Oc.•"prior"oddsrlf1votofthele1khypothesls. O., • p(l)/p(M..) 

c.on.;ctemg the sw-i•el level IT'll!HUl'IIT'll!nt d• t• review Id !Of the ll• k Hlfflmenl: 

p(S~) • rposterlor-J problblly thal !he surf• ce level measurement data wotJd be observed. ir Iha 

t•nkls • lt•k.er. 

While there is some le\d drop, this is is seen as evaporation. There ii no p(S~) • rpostarior-J problblty that the 11.1"fsc1 lavelmeas1Kement data wolAd be observad, ii Iha 

major change that is outside of normal evapofation that 'M>Uld lead me to tarwi:ls • l'IOn -laaker. p(~) • 1 ·P<SU4-) 
conclude a leak. 

l (SLM) • p(SIJ4.)/p(SIJ,f',\.). I surfltCI lavitl data .,. not 1v1illlbla for the leak HIHSment, than 
l (SlM,l • 1 

I lha11 Ire sen~I assanti• t,, redundant 11.1'11ca level me•s1Kamem (e.g .. Et-RAF. Fr::. MT). the 

p,obsi:.iel shotM be n1111ed ont,, for h IT'Orl dllgnostic: • nd relabfe one. 

Considefhg the ntersttla l lquld level data rwiawad for Iha Isak 111assment 

p(lc:MJ.) • rpost•rlof1pt'Ob9bily that the LONi'llerstlll l lquid laveldatl wo!Afbe obHrved. l the 
t•nklsala•ker. 

p(l(Mfll..)) • rpostitrbr1 problbay that the LONiitersttisl lq,.id level data woutt be obsarvad. if the 
tank Is not • leaker. p(LCMf',l.) • 1 • p(lc:Mf.) 

l (l~ • p(lc:MJ_)/p(LCMf',l.). I LONlnterdlil l lquid level dais .,. not 1v11• ble lot the leak 
111111ment, lhenl(LQINJ • 1 
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Tank 241-AX-104 Leak Aueume nt Expert EJlcltatlon Form 
(From HNF-3747, Rev. 0) 

Surface Level Measurement - Liquid Observation Well lntllrdependence - Part 4 

Surface Lev.I 

Mea11.1rement -
p(SLMfLOW,L) 

Liquid Ob•rvatlon p(SLMfLOW.NL) L(SLMfLOW) 
Well 

(if no LOW, enter NA) 

lnt.rde pendence 

NA NA 1,00 

Liquid Obaervatlon Well - Surface Level Musurement Interdependence - Part 5 

Liquid Ob•rvation 

Well -Surface 
p(LOWfSLM,L) 

Level p(LOW)SLM,NL) L(LOW)SLM) 
Measure m e nt 

(if no SLM, enter NA) 

Interdependence 

NA NA 1,00 

Ex-Tank Data - GroM Gamma Drywall Log• - Part 6 

p(GGL!L) 
GrouGamma (if no GGL enter NA 

p(GGL!NL) L(GGL) 
Drywall Logs here and in Parts 8 

and 9) 

0,30 0.70 0.43 

Ex-Tank Data - Spectral Gamma Drywell Logs - Part 7 

p(SGL!L) 
Spectral Gamma (if no SGL enter NA 

There is a po&s ibility that initial gross gamma logs might have indicated a 
I 

I 

' 
I 

ank l!ner leak at d~ II 11~ . The dry'M!lls bet'M!en 11~ and the 

kno'M'I dresser coupling leaks to the north side of AX-104 did indicate 
contamination suggesting that the 11~ d~II was from a tank leak. 

Ho..w-.er subs equent gross gamma logs indicated a decay rate g reater than 

hat inclicatM of a tank leak. In addition, a tank leak v.oold likely follow the 
ner dov.n to the LOP drain s lots preferentially CM1' finding a w.,y through the 

concrete. The LOP sholid indicate a leak if one is indicated at dryweU 11-04-
08. The gross gamma sample lelA!ls in the LOP are not indicati\ile of a tank 

eak . 

Cs-137 and other gamma contaminants are not present in SGLS indicating 

Consldtmg that n-tank data M>U"CH n-.y be nerdependent: 

p(S~ov,/,L) • rpoaterlor1 probebiay that the sll'face llnl IIWHll'eirent data wcxal be obHrnd if 
the LOW irt.,..ooaJlql.idlevel data are observ~. and l thetanklt a leaker. 

p(S~CMl,N..) • rposterlof1 prot.biMy that• surl,ce level meu1.nn-ent data woud be obsernd if 
the LONlnleratllll l lquid lilYel mtHll'emtnl: data ar, observ.cl, and if the tank is • non-leaker. 
p(SLJvt.ov,J,N..) •1 -p( SU.,..ov,J,L) 

L(S._,.C¥/) • p(SLJ4_0',IV,L)fp(Su.f.0',/V,N..). r ether surface levelmeasuren-.nt data or LO',/V 
n eraUial lquid level data are not availllble ! Of the leak asses1n-.nt, then L(SU.-,.ON) '"' 1 . 

H fh•r• Is no LOW. skip to the next part. 

p(Lt7A1SlML) • rpo1,terlor1 probabay that the L0',IV W:er1ltial lquid level dllta woutl be obse,v~ if • 

•~•ce leYel !THSI ... IT'll!nt decre11e II observ.cl, •nd if the tank II a leaker. 

p(l~N..) • r posteriof1 problbay thal I LOWriler1t&l lquid level IT'll!UU'elT'll!nt decrease 
woukl be observed if • 1urf1ce level IT'll! illll'elT'll!nt decrease II observed, and if the tank II a non­
leaker. p(LCM15LMN..) • 1 . pp(LCM15LM.L) 

L(LCM1SLM> • p(LCM15LM.L)/p(LOY"'5LMN..) . r ether surface lenl data or LCM/klterslli!l l lquid level 
data are nol avalllble IOf the leak HHIIIT'll!nt. then L(Lo.-\1,S~ • , . 

Conaldemg the hiltorical grou g1rrm1 drywel bgs revillwed for the leak H&eHrrent: 

p(GGL,_) • rpo,terlor"J probabiay that the gt'OII garrmt bga woukl be obaerved, If the tank II • leaker. 

p(GGL,-a.) .. rposterlor1 prOOlbay thal lhe gross garma logs woutl be observ.ct. if lhe tank II a non• 
leaker. p(GGl,.._) • 1 • p(GGL,_) 

L(GGL) • p(GGL,-)Jp(GGL,a.). J gross garrmt logs are not avaleble r« the leak assessrrent, lhen 
L(GGL) •1 

Considel'Tlg the spectra l ga, rrmt drywel logs reYillwed lor the leak as1es1irent: 

p(SGLJ.) • r po1tertor1 probabiay that the spectJal garma drywel logs would be obsetved. ii' the tank 
il ale•kef. 

Drywell Logs here and in P arts 8 
p(SGL!Nl) L(SGL) 

I he low probability of tank leak at dry'Nefl 11-04-08. p(SGL,-«.) • rpost,rlor1 probablty that the spectral garrmt drywel bg• wolAd be observed, if the tanll: 
and 9) 

0,10 0,90 0.11 

ii • non - ltakef. p(SGLJ'L) • 1 • p(SGlJ.) 

L(GGl) • p(SGL,.)/p(SGl,a.). I 1pectral IJ&nTnl drywel logs lie not , valable for the leak H H HIT'll!nt, 

then l (SGl.) • 1. 
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Tank 2o&1-AX-104 Leak As,essment Expert Elicitation Form 
(From HNF.J7"7, Rev. 0) 

Gross Gamma Log - Spectral Gamma Log Interdependence • Part 8 

Gross Gamma Log 
Spectra l Gamma 

p(GGl.jSGL.L) p(GGl.jSGL.NL) l.(GGl.jSGL) 
Log 

Interdependence 

0. 15 0.85 0.18 

Spectral Gamma Log - Gross Gamma Log lnt.rdependence -Part9 

Spectral Gamma 
Log - Gross 

Gamma Log 
Interdependence 

L.(SLM) 

o.,. 
L.(GGL) 

0.43 

p(SGl.jGGL.L) p(SGl.jGGL.NL) 

NA NA 

Combined Uldlhood Ratios 

L.(LOW) 

1.00 

L.(SGL) 

O.tt 

L.(SLM!LOW) 

1.00 

L.(GGLl5GL) 
o.,. 

Which In-Tank Condition Applies? (Mark X In Box) 

l.jSGl.jGGL) 

1.00 

L.(LOWl5LM) 

1.00 

L.(SGLJGGLI 

1.00 

SLM&NoLOW? ~ 
LOW & NoSLM? 

SLM & LOW ; SLM most Important? {Mark Part 4 NA) 

SLM & LOW ; LOW most Important? (Mark Part 5 NA) 

I 
In-Tank Llldlhood I 

Ratio 
L(SLM,LOW) 

0.18 

Which Ex-Tank Condition Appllea? (Mark X In Box) 

GGL&NoSGL? ~ 
SGL & No GGL? 

GGL & SGL; GGL most Important? (Mark Patt 8 NA) 

GGL & SGL; SGL most Important? (Mark Part 9 NA) 

p(GGl..jSGL,LJ • rpost1riot7 Pfobabliy th• t th• gross 9• 111T11 '°9s wotJd be obs• rv•d if the spectral 
g• nnw logs 1r1 are observe<!, and If th• t•nk i• a i• aker. 

Gross gamma indicated the possibitty or a tank leak but the spectral gamma 
log did not support that finding. - p(GGLJSGL,111..) •rpost1Hlof1 probabliy th• t th• gross gamra '°9s would bt observe<! if the spectr•l 

!i11111T11 logs lfl observe<!, Ind if the l•nk i• I non-l•• ker. p(GGl.jSGL,N..) • 1 • p(GGLJSGl,l ) 

l(GGLjSGL) • p(GGl..jSGl,l)fp(GGLJSGl,N..) . I e~r gross ga111T11 '°9s or apectr• I gannw logs ara 
not avalli:- for the leak IHHI/T'enl, then l (GGL.JSGL) • , . 

p(SGLJGGl,l) • rpost1Hlof7 prob• bliy th• ! th• spectral gannw logs wOI.Ad be obs• rve<I I th• gross 
g• lffl'll logs are observe<!, and I th• tank i• • leaker. 

p(SGLJGGl.111..) • rposleriof1 probabliy lhat th• Sp•ctr•I glllTfTe '°9S wol.&I be observe<! ii' th• groH 
g• nnw bgs are are observe<!, and if the tank • • non-leaker. p(GGllSGL,N..) • 1 • p(SGI..IGGL,L) 

l (SGLJGGl) • p(SGl..lGGL.L) fp(SGl,JGGl,N..) . I ether gross 9• 1Tn"8 logs or 1pectr1I g1nn-. logs ar, 
not IV• lli:- lor the l•• k aHHIIT'8r1, then l (SGL.JGGI..) • , . 

ISLM1ndnolOW. l(SlM.L(Mi)•l(SU.., 
II' LCJIN1ndno SLM l(SLM.LON) • L(LCM') 
I SLM1ndlON1ndSLM1N>• I in'portart: l(SLM,LON) • l(LCM4SU., x L(SU,4 
I SLM and LON Ind LON rTl)Sf fl1)0flart: l(SLM.L(MI) • l(SU.,LOW) X l (LOW) 
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Ex-Tank Llklihood I 

Ratio 

I 
Combined ,1 LI kellhood Ratio 

for Leak Hypothetis 

Notes and Key: 

Manual entries (Blclt.d probabllltieaJ 

SLM: Surface Le\oel Measurements 

LOW: Liquid Observation wen 

GGL: Gross Gamma Log 

SGL: Spectral Gamma Log 

Posterior Probability for LHk Hypotheli• 

p(l.lln,ex) p(NL,n,ex) 

0,01 0,99 

For elicited probabllltle a, the ratio co4umn I• p("IL)lp("INL). 

L(SGL,GGL) 

0.02 

L(ln,ex) 

0.00 

o, 

0.01 

Tank 241-AX·104 Leak ASN-,,ent Expert Bici tation Form 
(From HNF.J747, Rev. 0) 

J GGl. 1nd no SGL L(SGL,GGL) • l (GGl.) 

ii' SGL and no GGL l (SGL.GGl) • L(SGL) 
J GGl ind SGl. ind GGl rrosl in'J)ortl,nt: l (SGL, GGL) • l(SGtp:;L) • L(GGL) 
J 00.. and SGl. Ind SGt rros t n-port1n1: l (SGl, GGL) • l (GGl..l,SGl) • L(LSGl) 

L(ln ,e•) • l (SLM,LON) • l(SGl,GGL) 

0, • posterior (post•1k assessn-ent) odd9 In f1vor ol leak hypolhesla, O,• l (ln ,••) • Clo 
p(l.,ln,e•) • posterior p,obabily (post•ak HHHment) that thli lank II I l11ker. (L,n,e• ) • 0,/(0 1+1) 
p(~,H ) • posterior p,obablly (post-1111k1ssessrrent) that the tank II a leaker, p(N..,n.H ) • 1-

p(l)'l ,e•) 
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Tank 241-AX-1<M Leak AaeNment Expert Elicitation Form 
(From HNF~747, Rev, 0) 

Ellcltatlon Da te: 6/26/2014 

Elicitation from : D. G. Saide 

El ici ta tion by: D. J. Washenfelder 

Hypotheses: 

The change 1n radioactr-Aty in drywell 11-04-08 was caused by a leak from lank AA, 
Lea ker: ~104= . ______ _______________ _ 

The change In radioactr-Aty in dryv.<ell 11-04-08 reslited tom a source Of sources other 
Non-Leaker: than a tank leak, and may include AA farm -.entilation system. transfer tine leaks. 

operations r~eases Of other sources. 

Prior Probability - Part 1 

True State Llkllhood Ratio 

NL L·NL 

p(L) p(NL) n. 

0.60 0.-40 1.50 

Conditional Probabilities 

In-Tank Data Surface Le ve l Measurement - Part 2 

p(SLMIL) 
Surface Leve l (K no SLM, enter NA 

p(SLMINL) L{SLM) Measurement here and In Parts 4 

and 5) 

0.20 0.80 0.25 

In-Tank Data Liquid Ob,ervatfon W• II - Part 3 

p(LOW!L) 
Liquid Ob•rvatton (if no LOW, enter NA 

p(LOW!Nl) L{LOW) 
Well here and in Parts 4 

and 5) 

NA NA , no 

Tank AX-104 thermal history shows significant time v.hen the tank was abow 

p(l) • "p,i:w" p,obeblty 1h11 •n 11•1.WNd •otnt tank NI• l111k8d given oft/ two piKH ol rllorrratbn: ii: 
is e 1ingle--&hel tank, end I ii eiher e ~et tenk Of not . Arr, 1peclfic data on past surface level 
dropa or 111..tank radioacliYly nwastHf'l'f!ntl ar• Ignored. 

I he operating limit of300 degrees F . p(p,c_) • "prior" prohebltythatanasslffl&d soundtankhH not leaked given the sanw data. p(p,c_) • 1-

p(L) 

f),, •"prt,r"oddsl'lf111oroftheleakhypotha1ia. f),,•p(L)/p(K.) 

p(su.,L) •rposterior1 problbliy that lhe 111fau level .,..HtHrl'lllnt data woud be observed, ii' lhe 
tank ia aleaker. 

Liquid lewf decreases exceeding criteria -.,,ere credited to increased p(SU1f\l.) • rpo1ttrlof1prot.blil:y that the s urface level n-.• su-e.,..nt data woukl be observed. If the 
evaporation. The decreasing LOP liquid levets lend to indicate the tank did not ta~ • • non - leaker. p(~) • 1 - p(SU.-,..) 

I eak. 
L(S~ • p(SLNJ_){p(Su.-fll_). r 1urf&ee level dall are nol av, .. ble for the leak • ssenment, then 
l (SL.>.1•1 

r ther11r1 MVlfal nffl'lllatt' redundant 1u-l1ce .. vel n·ea1urenwnt1 {e .g., e-.RAF, FC, MT), the 

prot.blil:IH ~ be HHHed OJ-if for the !l"Dl'e diagnostic and relable one. 

Considering the lntersllill lqllid level dat1 review ad for the leak HIHtl'l'll!nt· 

p(LOll't4l) • rposttnol"") probabliy thal the LOJII riltr$00al lql.-=l ltvel dlll would be observe-ct, ii' the 

t1nlitls1le1ker. 

p( l ~f'L)) • rposterlol"') probablil:y lhlt the LO/Vnl.,1titll l lquid lev1ld1t1 would be observed, 11' lhe 
tlnk lt notaleaM:r. p(LQl(,,ff..) •1-p(l<Mf,..) 

l (LCM') • p(l°""'-)/p(l()l(,,ff..). I LOWi'ltersOial lqtlicl level data art not avalable for the leak 
H1Hlfflllnl , lhenl(LCM')•1 
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Tank 241~X-104 Leak Anessment Expert Elicitation Form 
(From HNF--3747, Rev. O) 

Surface Level Measurement - Liquid Observation Well Interdependence - Part 

' 

Surface Level 
Measurement -

p(SLMILOW,L) 
Liquid ObNrvation p(SLMILOW,NL) L(SLMILOW) 

Well 
{if no LOW, enter NA) 

Interdependence 

NA NA 1.00 

Liquid ObNrvation Well - Surface Level Measurement Interdependence - Part 
5 

Liquid ObNrvation 
Well -Surface 

p(LOWISLM,L) 
Lewi 

(if no SLM. enter NA) 
p(LOW)SLM .NL) L(LOW)SLM) 

MeaMJrement 
Interdependence 

NA NA 1.00 

Ex-Ta nk Data - Groa Gamma Orywell Logs - Part I 

p(GGLIL) 
Gross Gamma {i f no GGL, enter NA 

p(GGL!NL) L(GGL) 
Drywell Logs here and in Parts 8 

and 9) 

0.35 0.65 0.5' 

Ex-Ta nk Data -Spectral Gamma Orywell Logs- Part 7 

p(SGLIL) 
Spectral Gamma {if no SGL enter NA 

p(SGLINL) L(SGL) 
Drywell Logs here and in Parts 8 

and 9) 

0.10 0.90 0.11 

The initial gross gamma logs for drywell 11-04-08 couk:1 Indicated a tank leak. 
but the rate of decay tends to represent Ru.106 I hat more likely is associated 
with condensate leakage. The actM.y shows up only at the base of the tank 
with no trace down the sidewall; no mjgral ion was seen: and no ac!Nty 
ndlcatiw of a tank leak showed up in the LOP. The likely causes appear to 
be either a condensate teak from a line on the west side of the tank or 
possibty from the wh,e pits also located to the west. 

i 

Spectral gamma showed wry little Cs-137 at the base of the tank wh ich woutd 

Considering that ~tank data sources fr&-/ be interdepel'\dent: 

p(SL~Cl'Al,L) = rposterior"] probabiity that the surlaee level m11asurerrent data would be observed if 
the LO/lli,tentitial •id level data are observed, and if the tank is a leaker. 

p(SL~Cl'Al.fll..) : rposteriorj probability that a surface level rreasurement data would be observed if 
the LO/II interstitial •id level m11asurelTl!flt data ate observed, and if the tank is a rl0n4eaker. 

p(SU,, .. Cl'AI.M..) : 1 • p(S~CMI.L) 

l(SU,•, ... ON) = p(SU4-CAN,LVP(SU4-C'JN.""-.). If either surface level measurement data or LON 

inters ititial ~id level data are not avaiab4e for the leak •sessrrent, then L(SL.Nf...Ql,l,/J " 1. 

If there Is no LQY,/, sklpto the next part. 

Considering that rt-tank data sources fr&-/ be interdepel'\dent 

p(L""""8lM,L) z Lposlllfior"] probabity that the LC'JNintllfstitial iquid level data wou6d be observed if a 
surface level m11nurem11nt decrease is observed . .vld i! the tank is a leaker. 

p(LCM1$l.M.M..) = r posteriorj probablty that a LQIAI interstitial~ level rreastKement decrease 

woukt be observed ii a surface levef n-easurerrent decrease is observed, and ii the tank is a non-­

leaker. p(LCJ.ft4SLM,JII...) = 1-pp(Lov..,slM,L) 

L(L~ = p(LQll"1S1.M.LVP(LOl-.,sl.M,M..) . r either surface level data or LO.-V intersilitial liquid level 

data are not available for the leak assessrrenL then L(L"""5LM) z 1. 

Considering the historical gross gamra (kyw el logs reviewed for the leak assessrrent 

p(GGLJ..) z Lposteriorj probabity that the gross garme logs wou6d be observed, if the lank~ a leaker. 

p(GGLJ'll.) = Lposterior"] probability that the gross ganTl'9 logs would be observed, if the tank is a non -

~-""- p(~) = \. p(GG4,) 

L(GGI..) = p(GGl.J..)lp(GGLJIL). r gross garnre logs •e not ava~able lor the leak assessment. then 

L(GGL) = 1 

Considering the spectral garme ckywel logs reviewed for the leak assessrrent 

p(SGl,_) • Lposteno(l probability that the spectral ganma (kywel logs wou6d be observed, if the tank 

is a leaker. 

be expected .,.om a tank leak. p(SGl,.._) = Lposterior"] probabity that the spectral garme dryw el logs woukl be observed. if the tank 
is anon-leaker. p(SGlJ-l..)z 1-p(S~) 

l(GGI..) = p(SGl.J,.)IJ)(SGtf,l.). r spectral garme drywel logs are not w-1ailable for the leakassessrrenl 
then L(SGL),. , , 
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Tank 2.a1-AX-104 Leak Assesanent Expert Bicitation Fo"" 
(From HNF-37.a7, Rev. 0) 

Gross Gamma Log - Spectral Gamma Log Interdependence - Part a 

Gross Gamma Log 
Spectral Gamma 

p(GGL!SGL,L) p(GGL!SGL,NL) L(GGLISGL) 
Log 

Interdependence 

0.15 0.85 0.18 

Spectral Gamma Log - Gross Gamma Log Interdependence - Part 9 

Spectral Gamma 
Log - Gross 

p(SGLIGGL, L) p(SGLIGGL,NL) L(SGLIGGL) 
Gamma Log 

Interdependence 

NA NA 1.00 

Combine d Uklihood Ratios 

l.lSLM) L(LOW) IL(SLMILOW) L(LOWISLM) 

0.21 1.00 1.00 1.00 

l.lOGL) l.jSOL) l.lOOl.lSGL) LtSCJl.lOGL) 
O.M 0.11 0.11 1.00 

Which In-Tank Condition Applies? (Mark X in Box) 

SLM & No LOW? ~ 
LOW & No SLM? 

SLM & LOW; SLM most important? (Mark Part .a NA) 

SLM & LOW; LOW most important? (Mark Part 5 NA) 

I 
In-Tank Llklihood I 

Ratio 
L(SLM,LOW) 

0.25 

Which Ex-Tank Condition Applies? (Mark X In Box) 

GGL & No SGL? 

SGL & No GGL? 

GGL & SGL; GGL most important? (Mark Part I NA) 

GGL & SGL; SGL most Important? (Mark Part 9 NA) ~ 

Gross gamma logs indicated the possibility of a tank leak but the spectral 

Considering that eJC-tank data sources may be Flterdependent 

p(GGlJSGL,l) = rposteriof1 probablty lhat the ~oss gamra logs w oukl be observed if the spectral 
gamra logs are are observed, and if lh• lank is a leaker. 

• gamma data didn1 support a leaking tank. p(GGl.JSGI....N.) = r poster»f1 probability that the ~os• ;al'mll logs would be observed if the spectrai 
gamra logs are observed. and if the tank is a non-leaker. p(GGl.fSGL,111..)"' 1 - p(GGLfSGL,l) 

The results of the gross gamma and spectral gamma are not contradictory. 

L(GG..,JSGL) = p(GQ_JSGI....L)Jp(GGlJSGL,N..). I either goss gamra logs or spectral gamra logs a,e 
not avalablefor lhe leakassns~L then UGGlfSGL) .. , . 

Considering that eJC-tank data sou,ces may be interdependent 

p($G4GGL.L) : rposterior1 probabity that the spectral garma logs would be observed if lhe 'IOH 
gamra logs are observed, and if the tank ii a leaker. 

p(SGlfGGL.111..) = rposleriof1 probabity that the spectral garrrra k>g&; Would be observed if the 'IOSI 
gamra logs are are observed, and if the tank is a non-leaker. p(GGLJSGL.fll...) = 1 - p(SGLp31...L) 

L($G4GGL) 2 p(SG43Gl.l ) lp(SG4GGL,fll...) . r either gross garrma logs or spectral ;arrma logs are 
not ..,ailable for the leakassnsrrent, then l($G4GGL) :: 1. 

I SLM Md no LOW. l(SLM,LCMI) = l(SLM) 
ifLONandnoSLM: USLM.LQY,J):::l(LOW, 
I SLM and LON and SLMrTOSt irrportant USLM. LOW, zL(LOl\.1SLM) x L(SLM) 
I SLM and LaNand LCM'most rTl)ortant l(SLM,LOW, "l(SU ... OW, JC l(lo.N) 
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I Ex-T•n:.~:ihood I 

I 
Combined ,1 

Likelihood Ratio 
for Lea k Hypothe sis 

Posterior Probability for Leak Hypothesis 

Notes and Key: 

Manual entries (Elicited probabilitie s) 

SLM: Surface Le\el Measurements 

LOW: Liquid ObseN1tion Wei 

GGL: Gross Gamma Log 

SGL: Spectral Gamma Log 

p(l.lin,ex ) 

0.01 

For elicited probabilitie 5i the ratio column Is prlLVJ>rlNL). 

p(NL(in,ex) 

0.99 

L(SGL,GGL) 

0.02 

L(in,ex) 

0.00 

n, 

0.01 

Tank 241-AX·104 Leak As9essment Expert Elicitation Form 
(From HNF-3747, Rev. 0) 

r GGl •nd no SGL: L(SGL.GGL.) s l(GGL) 
l SGl. and no GGL: l(SGL.GGL.) = l (SGL) 
J GGL•ncl SGl and GGI.. ITl)Stirrportant l(SGL. GGl) = l (SGL,:;Gl) X L(GGL) 
' GGl and SGl and SGl rrost ffl)Ort:ant: l (SGL, GGL) '"' l(GGLJSGL) X l (LSGL) 

L(iux) = l(SLM.LCWl/l X L(SGL,GGL) 

0:1 = posterior (post-lHk assassrr.nt) odds n favor of .. ak hypohsis. 0 1= l(l'l,u ) x O:o 
p(lfn,H)'"' posterior probabity (post-leak assassrrent) that tha tank ii a lHlwr. (L.Jn,ex) = 0:11( 0 1•1 ) 
p(N..jn,H) = posterior probablity (post-leakassaHrrent) that the tank is a leaker. p(N..Jn,ax) '"' 1-

p(lfn,H ) 
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Tank 241-AX-1o.t Leak ASM..,...nt Expert Blcttation Form 
(From HNF-3747, Rev. 0) 

B lcltation Dat. : 6/26/2014 

B lcltation from: 

B lcltatlon by: 

HypotheM•: 

0 . W. Strasser 

D. J . Washen~der 

The change in radoactMty In cty'Nell 11-04-08 was caused by a leak t om tank A.X-104. 

The change in radoactMty in d'ywell 11-04-08 resulted t om a sou-ce or SOI.Kees other than 

a tank leak , and may Include AX farm ~tilatlon system, transfer line leaks, operations 

releases or other sources. 

Prior Probablllty - Part 1 

True Stat. Llkll hood Ratio 

NL L ·NL 

p(L) p(NL) Clo 

0.60 0.40 1.50 

Condttlonal Probabilities 

p(SLMIL) 
Surface Leve l {If no SLM, enter NA 

p(SLMINL) L(SLM) Meaa,,.ment here and in Parts 4 

and 5) 

• 0.30 0.70 0.43 

In-Tank Data Liquid Ob•rvatlon Well • Part 3 

p(LOWIL) 
Liqu id Ob•rvatlon ~f no LCM,', enter NA 

p(LOWINL) L(LOW) 
Well here and In Parts 4 

and 5) 

NA NA 1.00 

p(L) s · prio,• probsblly 1h11 1n HsufT'ed sotm llok has le1ked given Of-tf two pieces of rlforrnetion: l 
II I s!ng•shel tank. end l II e~ 1 high-he1t !Ink or not. Arry specific data on past su'fece level 

Tank A.X-1 04 was a hi{tl heat tank wth a Se\teral month period near 450.F. droPJor H-t• Nl r~ioactlvly measurementl are lgnofed. 

I 
'This makes it more likefy to be a leaker due to the temperature effects on the P(N.). ·prior" probablty that ,n asaumed sound tank has not leaked glvan the same data. p(N.) . 1• 

ri- ~ 

Liquid le\et decreases reported in OR 77-19 h3\le been explained and cldnot 
appear to be a concern in the past. 

n., • "prior odds rl favor ol lhe leak hypothesis. n.. • p(LVp(N.) 

Consider rig lh1 surlac1 level measurement data review 1d for the leak HseHrnent: 

p(SLJ4.) • rposl1rlof1 problblty that the surface level mtesur1rnent data woukt be observed, if the 
tankisalHker. 

p(S~) • rposterbr1 p,obabay that the surface level mn,uren-ent data woUld be observed, ff lhe 

t11nkis1non-lt1k1r. p(~)•1· p(Swt,.) 

L(S~ • p(Sl"1l,.)/p(Su.,N.). I S!Xllce level data are not av1111i:1ble for the teak ISSIH n-ent, then 
L(S~•1 

r there are several essentlalt' redundant surl.ee level rn!l• surements (1,g., ENV.F. FC. Ml) , the 
p,obebities should be assessed onti, for the rrore diagnostic and rlllble one. 

Consldlrhg th• riterstlill ~ level data reviewed for thl leak assessment: 

p(LCM,f.) • rpo,terk>r7 probllblty Iha! the LON int1rsltil l lquid t.vel dall woukt be observ1d, ff the 
t•nkllate• ker. 

p(L~)) • rpostertor"J probabiay that the LCJ,/1/ rlters tiUal lqukt level data would be observed, if the 

tankisnolaleaker. p(LCMfl.)•1-p(LO'llf,.) 

L(L°"" • p(LCMf-)Jp(LCMfl.). f LOIN il'll:ersitlil l lquid ltvel data ar1 not 1vailllble lor the IHk 
IHIHment, then L(LOYi') • 1 
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Tank 2'1-AX•1o.t Leak Assessment Expert El idtation Form 
(From HN='--3747, Rev. 0) 

Surface Lewi Musurement • Liquid Ob•rvation Well Interdepe nde nce. Part, 

Surface Lewi 
Measurement• 

p(SLMILOW,L) 
Liquid Ob•rvatlon p(SLMILOW,NL) L(SLMILOW) 

Well 
Qf no LOW. enter NA) 

Interdepende nce 

NA NA 1.00 

Liquid Observation Well • Surface Level Measurement Interdependence. Part 5 

Liquid Observation 
Well • Surface 

p(LOWISLM,L) 
Lewi p(LOWISLM,NL) L(LOWISLM) 

Measurement 
Qf no SLM, enter NA) 

Interdependence 

NA NA 1.00 

&•Tank Data• Gross Gamma Drywell Logs• Part I 

p(GGLJL) 
Gross Gamma Qf no GGL. enter NA 

p(GGLINL) L(GGL) 
Drywell Logs here and in Parts 8 

and 9) 

0,30 0.70 0.43 

&•Tank Data • Spectral Gamma Drywell Logs- Part 7 

p(SGLIL) 
Spectral Gamma Of no SGL. enter NA 

p(SGLINL) L(SGL) 
Orywell Logs here and in Parts 8 

and 9) 

0.20 o.eo 0.25 

I nere Is a possI011ty tnat In1na1 gross gamma iogs at arywe11 11-04-U~ mgm 

Considering that in--bmk data sources ffll y be int.rdeP9ndent 

p(SU,.,OW,L) • r poaterior") p,obabity 'nat 1he surfae• level 1Tea1urelT'ent data would be observed ii' 
the LOWinterdtialiquid lev•l data ar• observed, and if the tank ia a leaker. 

p(SL~ OW.N.) "'rpoa11rior") probabiity that• aurfac• leve l IT'eHIXe,.,..nt data wo!Act be obHrv.d if 
the Lowru,-.~ iquid leve l m1aaur•rr.nt d•ta ar• observed, and ii' the tank la• non-lHkar. 
p(SU.,..OW,N.) = 1 ... p(Sl~ QIAl,l ) 

l(Slt4-CJII.IV) . p(S0..,0W,L)/'p(SU4-0W,M.). r ehr aufae• level IT'eHUflrr.nt data Of LON 

ilteraltibal iql.lld lev•I data ar• not avalable tor 1ha leak HHHIT'ent, 1hln L(SU,, .. OW) • 1. 

If then Is no LOW. skip 1o the n•d part 

Conaidarflg h t in-tank data SOU-CH m1y be i'QrdaP9ndent: 

p( LO\fi."5L.M.L) • r posterior1 probaibiity that the LOWrltarstititl lquid level data wo!Act be oburved if a 
surface ltv•I m1asur•rrant C.Cr• n• 11 observed, and if the tank is a leaker. 

p( L~N..) a r poaterior") probablt)' that a LOWrlterst&l lquid lev•I rreaaur1m1nt dae re11• 
woutt be obHrved it • su1ae• levelmeHurementdeerease iaobse rv.ct, and if lh• tank is a non,­

leakar. p(LOV,.,SLM.fll.) • 1 -w(l~LM.l) 

L(LOY-1,SLM) • p( L~LM.l)lp(LCM'5'-M.M.) . I ehr surface level data Of LOINinteraititill l lqud leve l 
data .,.. not availab6e IOt the luk HHHmenl then ULO'll\4SLMI ,. 1. 

have indicated a tank liner leak. The drywels between 11-04-08 and the Conakf,amg the hi&toneal grou ;amra «ywal logs r•vilw ed for the lea k11su11T'ent 

I 
kno'Ml racioactNty between the tanks did indicate radioactNty suggesting 
hat the 11-04-08 drywetl was tom a tank leak. However subsequent gross p(GGl.J..) = rpoatariof"'] probablty lhat the gross ~ rm. logs would be oba• rved, if the tank is a leaka, . 

gamma togs indicated lower and lower radioactMty which was not indicative of p(GGl..f'L)., r poaarior") probtlblty that the gross gamna logs would be obse rved, l the tank ia I non. 
a tank leak. In addition a tank liner leak would seem to follow the gap leaker. p(GGL,..., ) • 1 .. p(GGLJ..) 

between the liner and concrete down to the drain stots under the tank to the 
LOP as opposed to lnding a way through the concrete wall and out to drywell L(GGL),. p(GGL,-yp(GGl,.._), r gross garmw logs are not avalable l 0t the leak HHHment, then 

1-04-08. Toe gross gamma sample lewls in the LOP were also not indicative L(GGL) ,., 1 
,,.,,. ... ,, .. 1 .... 1r 

If the tank leaked, other radionuclides such as Cs•137 or Co-60 'NOuk:I be 
expected in spectral gamma scans. A ~ak of condensate tom ventilation 
nes near drywell 11-04-08, lush pit leaks or surface runoff and migration are 

'l,lable sources for the Ru-106 in drywell 11.{M-08. 
I 

Conaidamg the s pectral ;amna dryw al bgs reviewed for the leak assesarnr,nt: 

p(SGlJ..) zrpoa11not1 problt,My lhat 1he speenl gamna dryw el logs would be observed, if 1hl tank 

ia a lH kat. 

p(SGLJ',L),. rposteriof"") probllbity that the spectral gamra drywal logs would be observed. t 1hl tank 

is a non - IHker. p(SGI..JIL) • 1 • p(SGL,-) 

l(GGL) :: p(SGlJ.)lp(SOl,-.a..). I speetrlM tpmN d!yw 61 bga ate not available fOf the leak HIHSm&nt. 

then l(SGl) • 1. 
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Tank 2,1-AX-104 Leak Assessment Expert Elicitation Fonn 
(From HNF-3747, Re v. 0) 

Gross Gimm• Log - Spectr•I Gamm• Log lntudependence • P•rt S 

Gross G1mma Log 
Spectral Gimm• 

p(GGLISGL,L) p(GGLISGL.NL) L(GGLISGL) 
Log 

Interdependence 

0,20 0.80 0.25 

Spectral Gamma Log• Gross G1mma Log Interdependence - Part 9 

Spectral Gamma 
Log• Gross 

p(SGLIGGL,L) p(SGLIGGL.NL) L(SGLIGGL) 
Gamma Log 

Interdependence 

NA NA 1.00 

Combined Llklihood Ratios 

L(SLIIII Ll\.OWI IL(SLIIIILOWI L(LOWJSLM) 

0.43 1.00 1.00 1.00 

L(GGL) L(SGLI L(OGl.jSGLI L(SGl.lOGLI 
0.43 0.21 0.21 1.00 

Which In-Tank Condition Applies? (Mark X in Box) 

SLlll&NoLOW? ~ 
LOW & No SLM? 

SLM & LOW ; SLM most Import.Int? (Mark Part 4 NA) 

SLM & LOW ; LOW most Important? (Marte Part 5 NA) 

L(SLlll,LOW) 

0.43 

Which Ex•Tank Condition Applies? (Mark X in Box) 

GGL&NoSGL? ~ 
SGL & No GGL? 

GGL & SGL; GGL most important? (Marte Part 8 NA) 

GGL & SGL; SGL most important? (Mark Part 9 NA) 

I Ex-T•n:.,~:ihood I L(SGL.GGLI 

0.08 

The gross gamma logs showed the possibi~ty of a tank leak at lrst and the 

Co~idering Iha! ex-tank data sources rrey be interdependent 

p(GGLl5Gl.L),. rposteriof1 probebMy that the gross gamra log$ woutd be observed l the spectral 
garmw logs are are observ• d. and if the tank is a leaker. 

spectral g amma d ata didnl s upport a leaking tank. p(OOLfSGL,f\l..) = rJ>Mterior-J probabity that the gross garm-a logs woutd be observed if lhe spectral 
gafffl11 logs are observed. and l the tank is a non4nker. p(GGlfSGL.f\l..)"' 1 -p(GGLJSGL.l) 

l(GGLISGL) = p(GGLl5Gl,l)lp(GGl.JSGL,f\l..), r • ither gross garnra logs or spectral garm'II logs are 

notavaillblafOf the MakHHHrrent. then L(GGlfSGl): 1. 

Considering that ex-tank data SOI.KCH rNY be int8rdependent 

p(SGLpGL.l) = rposterior-) probabity that the apectral garm-a logs wol.Jd be observed l the gross 
garrrra logs are observed, and l the tank is a luker. 

p(SGLjGGL. fll..) = rposterior1 probablty that the spectral gamra logs woutl be observed l the gross 

garm11 logs are are observed, and if th• tank is a non--leaker. p(GGlfSGL,lt.)"' 1 - p(SGLpGl,L) 

L(SGljGGL) " p(SGl..pGl.L) lp(SGLIGGL.lt.) . I either groas gamTe logs or speer.I gamTa logs are 
not avalabte IOf the Makanenrrant. then L(SGl..p:;t..) = 1. 

I SLM and no LON. L(SLM.LOYVJ • l(SLM) 

l LOV\I and no SLM. l(SLM.LOAI') = L(LOVV) 

I SLM and LCN>Jand SLMrroatirrportant: l (SLM,LCNIJ) = l(L0\'\1SLM) 11 l(SLM) 
I SLM and LCN-land LOV\lrrosti-rportant L(SLM,LOAI') = L(SU .... OV") 11 l(LOYVJ 

I GGL and no SGL: l(SGL,GGL) :o: L(GGI..) 

l SGI.. and no GGl: l(SGl,GGL):: L(SGl) 

I GGL and SGL and GGL rrost irrportant L(SGL, GGL) = L(SGLfGGL) x L{GGL) 

I GGL and SGI.. and SGI.. ITDSI i-rportant L(SGL, GGL) = l (GGLfSGL) x l(LSGI..) 
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Combine d ,1 

Likelihood Ratio 
for Leak Hypothesis 

Notes and Key: 

Ma nua l entries (El iclte d proba bilities) 

SLM: Surface Le-.el Measurements 

LOW: Liquid Obsel'\81:ion wen 
GGL: Gross Gamma Log 

SGL: Spectral Gamma Log 

Posterior Probability for Lea k Hypothesis 

p(Lfin,ox) p(NLfin,ox) 

0.04 0.96 

For elicited proba bilities, the ratio column is PrfL)lprlNL). 

L(in,ex) 

0.03 

o, 

0.04 

Tank 241-AX-1<M Leak Assusment Expe rt Elicitation Fonn 
(From HNF-3747, Rev. 0) 

l (hex) :: l (SLM,LOW) x L(SGL,GGL) 

O, = po1terior (post4eak a11e11m!lnt) odds in favor of \eakhypothe1ls. 0 1: L(in.ex) x Oo 
p(qn,ex) :: po1terior probabity (po1t-leaknH11m!lnt) that the tank is a leaker. (Lfn.ex) ::: Oi/( 0 ,+1 ) 
p(Pll..fn.ex) = po1terior probabity (po1t-leaka11e11m!lnt) that the tank is a leaker. p(Pll..fn,ex) = 1-

p(qn,u:) 
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