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Analysis and Summary Report of Historical Dry Well Gamma
Logs for the 241-AX Tank Farm - 200 East Area

I Introduction

The single shell tank farm dry well surveillance program was established as one of several methods

used to identify leaking tanks. Gross gamma logging in single-shell tank boreholes supplemented in-

tank liquid level measurements for determining the integrity of an individual tank. Until 1975,

gross gamma ray data were collected in a non-digital format. In 1975, the surveillance program was

upgraded to a digital logging system. Under the upgraded system, gross gamma ray logs were

captured in digital form utilizing several types of logging detectors. These logs were then reviewed

immediately after collection to identify significant changes in activity from previous logs. This

examination was used to confirm or identify leaks of gamma-emitting liquid radionuclides from

suspect underground tanks. Sudden drops of in-tank liquid level measurements were used to

identify suspect tanks. The logging system was not intended to identify the specific radionuclides

contributing to the gross gamma ray activity. The log data were used to make operational decisions

regarding the integrity of tanks and their ability to safely contain high-level radioactive waste.

While the system targeted gamma-emitting radionuclides as indicator species, other radionuclides

(e.g., alpha- and beta emitters) and hazardous chemical constituents would also have leaked from

the suspect tanks when gross gamma activity significantly increased.

Digital gross gamma ray logs were acquired for the period from January 1975 through 1994 and

U have been re-analyzed to determine contaminant distribution in the subsurface around boreholes.

Data acquired prior to 1975 require reformatting to be useful for this analysis. The available data for

each borehole varies; some begin in 1975, others as late as 1980. Data for some boreholes ends in

1989, while for others it continues into the 1990s. A detailed description of the analysis procedure is

in "Analysis Techniques and Monitoring Results, 241-SX Dry Well Surveillance Logs," (Randall and

Price, 1999a).

Isotopes identified during the spectral gamma logging analysis acquired from 1995 to 1999 for all
single-shell tank farms is integral to the analysis of the gross gamma ray data. Log data for AX Tank

Farm were obtained by Three Rivers Scientific from a report issued by the U.S. Dept. of Energy

prepared by MACTEC-ERS (1997). The spectral gamma logging system (SGLS) employs a high-

purity germanium (HPGe) detector to obtain data leading to the identification and depth of gamma-

emitting radioactive isotopes. The identity of gamma-emitting radionuclides in soils surrounding a

tank is required for interpretation of the tank farm gross gamma ray dry well surveillance logs. By

integrating SGLS data with historical dry well surveillance data, information concerning the tank

leak history along with the historical mobility and decay of man-made gamma-emitting

radionuclides in the vadose zone is obtained. These analyses concern gamma-emitting contaminants

and contaminant mobility (or lack of mobility) that has occurred over the time period spanned by the

available data (i.e., 1975 to 1994).

This report provides a summary of the gross gamma ray data for the 241-AX Tank Farm and is

intended to identify changes in the gamma activity of gamma-emitting radionuclide contaminants

around each accessible borehole, and is not intended to provide interpretation of the data relative to

vadose zone mechanics. Trends in the data, as well as areas where additional information would be

helpful in evaluating the unusual nature of some of the data, are discussed. In general, the analysis

1\_^
of historical gamma log data resulted in the identification of two types of subsurface conditions; clean
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dry wells and dry wells with radionuclide contamination at one or more depth intervals. Within the

dry wells with contaminated intervals (discrete depth zones) four general categories of

contamination have been designated. The four categories are listed here for completeness, even

though this tank farm may not experience a given category. Each zone in a borehole will be

classified as one of these categories:

1. CLEAN: no gamma-emitting contaminants detected for the survey speeds and sensitivities of

the gross gamma ray probes used; specifically no systematic trend above the naturally occurring

radionuclide background in the soils is indicated by the data. Note, in several boreholes

designated "clean", the SGLS detected gamma-emitting contaminants, but at levels below the

detection threshold for the gross gamma tooL Where the SGLS detected a gamma-emitting

isotope with an activity of less than 6 pCi/g, activity generally will not be seen on the gross

gamma probes used in tank farm logging.

2. CONTAMINATED

STABLE: gamma activity follows a decay curve of an isotope identified by HPGe or a

hypothesized radionuclide based on decay characteristics; specifically the decay rate of the

isotope(s) identified in the zone matches the change over time in the gross gamma log response,

and no noticeable deviation from the radionuclide decay is apparent within the time period of the

data.

• UNSTABLE: evidence of contaminant migration exists within the period of data collection;

specifically, in logs with proper depth control, a peak migrates with passage of time, or there is a

sudden increase in Grade Thickness Product (GTP) that does not correlate with any change of

logging tools or procedure. Such changes are interpreted to reflect the addition of a gamma-

emitting contaminant.

Some contamination zones were identified as initially unstable in older logs and as stable in

more recent logs; i.e., "Unstable Early" instability in earlier data was succeeded by stability

in more recent data.

TANK FARM ACTIViTY: erratic log response at the bottom of dry wells or at shallow depths

result from logging procedure changes, radioactive waste transfer operations, surface or near

surface leaks/spills, and/or clean up of surface contamination; specifically, an irregular change is

observed in gross gamma-ray log values between successive surveys at or near the surface and/or

at the bottom of the dry well. These rapid and inconsistent log changes suggest that

contamination may be the result of tank farm operational activities (e.g., waste transfers) or

logging procedure changes, and are not related to vadose zone mechanics.

• UNDETERMINED: no specific conclusion can be reached with the available data; specifically,

stability cannot be determined due to: 1) insufficient data, 2) exceeding the system design

criteria (both upper and lower limits) for recording gross gamma ray data, or 3) possible effects of

depth shift or surface activities.

Stable vs. unstable is an apparent condition limited by the time interval over which data were

collected, the sensitivity of the tools, and the level of contamination; it is not necessarily a statement
concerning the fixed or mobile nature of a given isotope in the vadose zone.

Radionuclide isotopes discussed are either identified using the HPGe data or are hypothesized to

exist presently or to have existed in the past. Radionuclides cannot be identified from a gross

gamma ray log alone. The hypothesized isotopes assumed or known to be present generally have a

rapid rate of decay (e.g., Ru-106) which may not be identified by the HPGe tool if the level of
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radioactivity falls below detection limits at the time the SGLS data were obtained (mid 1990's). The

earlier presence of such isotopes can be speculated based on the fit of a decay curve of the isotope to

the change over time of the gross gamma ray data and knowing that such an isotope was initially

present in the leaked waste. Ru- 106 was hypothesized in several AX Tank Farm zones.

It is beyond the scope of this project to identify the contaminant source, rate of movement, or

migration pathway and the ultimate impact of leaked waste to the environment. It is also noted that

where boreholes do not exist, gamma-emitting isotopes may be present and movement can and may

have occurred without detection. This investigation is limited to the immediate area (approximately

20 inch radius) around each borehole from which gamma rays are readily detected, and is not

rigorous enough to interpret the condition of the space between boreholes and outside of the

investigated area. Contaminants which do not emit gamma rays or whose decay products do not

emit gamma rays, are not detected by gross or spectral gamma logging and are therefore not

discussed in this report. While such isotopes may be present, they are beyond the scope of this

report.

1.1 Background

A series of four tanks were constructed at the 241-AX Tank in 1963 and 1964 to receive high-level,

liquid, mixed waste resulting from chemical processing of spent fuel rods (Brevick, et. al., 1996).

These tanks hold 1,000,000 gallons (each), were constructed on 100-foot centers and are 75 feet in

diameter, leaving 25 feet between the sides of each tank. The peak of the dome of each tank is about

7 feet below ground surface; the base of each tank is about 55 feet below ground surface. Each tank
consists of a reinforced concrete exterior with a single lining of carbon steel. These tanks are not
connected with cascade lines, the details of which can be obtained from the engineering construction

diagrams for this tank farm. A network of vadose monitoring boreholes (dry wells) was installed
throughout the AX Tank Farm as part of a leak detection and surveillance system. Borehole

locations (centered on the borehole name) and the depth of logging, (listed below borehole name) are
presented in Figure 1. The boreholes range in depth from 50 to 125 feet, with 27 (of 31) being 100 or

more feet deep. The 1975 to 1995 digital gross gamma ray data were analyzed by Three Rivers

Scientific (under subcontract to Duratek Federal Services, Richland, Washington) and the results are
the subject of this report.

Tanks AX-102 and AX-104 in the AX Farm are suspected to have leaked (Hanlon, 2000). The
category of "suspected leaker'' addresses leaks from tanks only, and not from any of the associated

facilities (e.g., piping, diversion boxes or pits) which may have also released waste to the soils.

1.2 Data Analysis Description

The dry well data analysis procedure used for the AX Tank Farm gross gamma historical logs is
discussed in detail in the Analysis Techniques report (Randall and Price, 1999a).

Data from the dry well logs were compiled to maximize trend identification. This process does not
add or delete data, but merely compiles the data into a more useable format. This data set is used to

create a depth vs. time plot (stack plot) to identify trends over time and zones of contamination. All
historical log surveys for a single dry well (borehole) are analyzed as a whole for each radioactive
zone above background in the well, allowing statements to be made about the apparent condition or
rate of change of any given radioactive interval. For clarity, all logs are not plotted in the stack plot;

Summary Report Page 8
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quarterly logs are plotted to render the stack plot readable without affecting the integrity of the

data.

AX Tank Farm
Borehole Identification &

Total Depth (ft) N
"Borehole Locations are Approximate

11-a}12 11-01-01
,oo' 11-01-11 100,

100'
n-oao2

11-0110 100'
00'

1-01-02
,i-o,-, 100'

75'

AX-101AX-103 11-0149
1
GT

1-0309
120'

11-01-0C
100'

11-0307 11-0305
1 04' 100'

1,-09-n i,-0401
125' 100'

11-0410
102'

AX-104

11-01-07
100'

11-01-05
100'

1,512

11-02-n
125' 11-02-01

100,1-02-0i
121'

11-02-02
11-02-10 100'
100'

11^2-03
76'

, <11-00.08
100'

125'

11-04-07
96' 11-0405

11-0R07 11-02-05

100'
100' 100'

Scele ( 100 ft)

0 1uu

Figure 1. AX Tank Farm Borehole Locations and Total Depth

Review of the historical gross gamma ray data revealed that limits in the system design for
collecting data prior to 1983 created a situation where the zero-depth reference point for the start of
data collection was inconsistent. This difference in zero-depth point makes evaluating trends in the
data difficult. Several methods can be employed to overcome varying zero points and to essentially

create a common starting point from which to view the data, making trend identification easier. One
method applies a depth shift to the data, which is simply adjusting data up or down so that certain
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identifiable features in the logs can be aligned and evaluated. No depth shifting was required to

analyze the AX Tank Farm, thus maintaining maximum data integrity.

A second method to analyze changes between successive gross gamma logs utilizes a calculation

called the Grade Thickness Product (GTP) which can be applied over a depth interval wide enough to

include all depth variances of peaks so as not to require depth shifting. The GTP is a summation of

the values of logging instrument readings over the depth interval of interest (minus background

activity), multiplied by the distance between sample point depths. This calculation yields a constant

that is independent of the log depth and the specifically chosen starting/ending points. When the

calculation is applied over the entire contamination interval, the result is a more accurate

representation of the condition of the zone over time.

Note: Gross gamma ray data were collected using a variety of probe types. The count rates generated by these probe

types do not directly correlate, as discussed in the Analysis Techniques report (Randall and Price, 1999a). Caution

must therefore be used when relating GTP values in zones recorded with different probe types (e.g., the NaI probe type

04 does not record values that relate to those recorded with the Green or Red GM probe types 01 and 02). Scaling

factors between the different probe types are presented in "Dry Well Probe Calibrations" (Randall, 1999).

Gross gamma ray log surveys were recorded over the length of the borehole at sampling intervals of

one foot, starting at the maximum depth to which the logging detector was positioned (near or at the

bottom of the dry well). In radioactive zones less than one foot thick, successive one foot sample

intervals will cause variations in the apparent shape of the log in the thin contamination zone and

changes in the maximum count rate in the apparent center of the zone. The GTP calculation is used

to eliminate this apparent problem.

The average background activity for the GTP calculation and "Average Background" plots, which are

provided, is the gamma radiation from naturally occurring potassium, uranium, and thorium (i.e.

^ natural background) in the soil. The average background is computed and reviewed for each survey

and thus provide a level of confidence that the instrumentation worked consistently and that the

gross gamma ray data are valid. The average background is calculated either between a lower and

upper count rate limit or for a depth range. The lower count rate limit is generally set at zero (0) c/s;

a value defined as indicating a data gap. The upper count rate limit is generally set at 50 cls for the

NaI probe (i.e., type 04 probe), a conservative value near what is considered background activity.

For comparison, the original leak detection program responsible for collecting the log data considered

a count rate equal to or exceeding 200 c/s a reportable occurrence for the probe type 04 (NaI).

The percentage of data values for each survey that are considered as representing the natural

background (i.e. non-contaminated interval) is also calculated and presented on the summary plots

as "Frequency Clean".

Zones of gamma-emitting contamination are examined for historical character using the GTP
calculation. The average background activity is subtracted from peak values so that only the
contaminated levels above background are included in the analysis. A graph is generated with GTP

plotted against time for each depth interval analyzed. One or more decay lines are then

superimposed on the graph based on isotopes identified by the SGLS data, knowledge of tank
constituents, and the known presence of isotopes in other boreholes. Sometimes decay lines can be

fit through the data a number of ways with none of them fitting perfectly. When two or more

isotopes are identified, a least squares fit analysis for a multi-component decay is performed. A

detailed discussion of how two or more curves are combined is provided in the Appendix to the
"Analysis of Historical Gross Gamma Logging Data from BX Tank Farm" (Randall & Price, 1999b).

The least squares fit may include hypothesized isotopes. Hypothesized isotopes are gamma-emitting

radionuclides that may have been present when the gross gamma logs were recorded. These isotopes

1^_^
are known to exist in the inventory of the tank farm, or are identified in nearby wells, and may not
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be identified by the SGLS because they were at or below detection levels for the HPGe when these

logs were recorded. The decay rates for each of the components are held fixed in the fitting process

and the relative intensities of the components are calculated and reported in the data analysis when

appropriate. The relative contribution of gross gamma rays from one component to another depends

on the nature of the isotopes and the detector design.

Note: Spurious data were generated during normal data collecting activities. Spurious zero values are called data gaps

and are considered as unrealistically low natural background activity when recorded with the sodium-iodide probes.

Between 1975 and 1982, the equipment would occasionally record a spurious data value of minus one (4) or zero (0). A

value of minus one represents an invalid count rate. Data gaps occur at various locations in the surveys, including in

the background or in the middle of a high contamination zone within a borehole. Data gaps are not included in the

calculation of average background, grade thickness product, or frequency clean values.

Comparing the GTP data and the decay line(s) reveals information about the rate of change of

contamination within a zone over the period that data were collected. When appropriate, multiple

plots are generated to show the results for different zones within a borehole. The details for the use

of GTP data are described in the Analysis Techniques Report (Randall and Price, 1999a).

The objective of the analysis is to assure that a consistent and thorough examination of dry well
surveillance logs is performed and to determine if contamination abruptly entered the region of the

borehole and quickly migrated out. All digital surveys within the time interval analyzed are

examined to minimize undetected problems or conditions. Table 1 contains a list of the dry wells

located in the AX Tank Farm as well as information concerning the identity, level, and depth of

contamination.

The data available for this analysis are limited. Some of the limitations are the:

• Inability to identify when down-hole contamination is a result of vadose zone transport or drag

down during casing installation

• Insufficient gross gamma ray data to establish a statistical trend or rigorous statistical analysis

• Lack of HPGe data or lack of reported analysis of HPGe data

• The time interval over which data are available is not sufficiently long

• Insufficient borehole depth

• Inability to identify isotopes that have decayed to levels below the detection limits of the HPGe

detector

• Inability to fit single or combined decay curves to zones where no gamma-emitting isotopes are

detected by the HPGe detector

Table 1. AX Tank Farm Borehole Analysis Results Summary

Borehole
Number

Survey
Depth
(feet)

Number
Of

Surveys

"Probe
Type

Category Zone
Top

(feet)

Zone
Base
feet

Max GTP
(ft x cls)

Year
Max

`ISotopes
Present

11-01-01 100' 530 4 TFActivity 0 22 400 1975 Cs

11-01-02 100' 523 4 TFActivity 0 10 300 1984 Cs

11-01-04 100' 619 4 TF Activity 0 12 200 1975 Cs
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Borehole
Number

Survey
Depth
(feet)

Number
Of

Surveys

'Probe
Type

Category Zone
Top

(feet)

Zone
Base
(feet)

Max GTP
(ft x c/s)

Year
Max

`isotopes
Present

11-01-05 100' 537 4 TFActivity 0 18 500 1984 Cs

11-01-07 100' 639 4 TFActivity 0 12 4K 1975 Cs, Eu

11-01-09 103' 695 4 TFActivrity 0 14 400 1983 Cs

11-01-10 75' 395 4 TFActivity 0 20 350K 1985 Cs, Eu

11-01-11 100' 657 4 TFAdivity 0 8 400 1984 Cs

11-02-01 121' 149 4 Clean

11-02-02 100' 328 4 Clean

11-02-03 74' 38 4 Clean

11-02-04 100' 311 4 Clean

11-02-05 100' 311 4 TFActivity 0 8 300 1975 Cs

11-02-07 100' 309 4 Clean

11-02-10 100' 322 4 Clean

11-02-11 100' 73 4 Unstable Early 50 65 700 1980 Ru

11-02-12 50' 264 4 TFActivity 0 27 200K 1975 Cs

281 14 Unstable Early 32 50 20K 1975 Ru, Co

11-02-22 125' 283 4 Clean

11-03-02 100' 366 4 TF Activity 0 29 140K 1975 Cs

Stable 29 40 2K 1975 Cs, Sb

11-03-05 100' 351 4 Clean

11-03-07 104' 360 4 TFActivity 0 14 75K 1975 Cs, Eu

Unstable Early 14 40 5K 1976 Ru

Unstable Early 66 82 400 1976 Ru

11-03-09 120' 361 4 Unstable Early 48 106 14K 1975 Ru

11-03-10 100' 359 4 Clean

11-03-12 100' 366 4 TFActivity 0 20 5K 1975 Cs, Sb

11-04-01 100' 307 4 TFActivity 0 12 200 1985 Cs

Unstable Early 14 68 50K 1975 Ru

11-04-05 100' 299 4 TFActivity 0 10 400 1975 Cs

11-04-07 96' 269 4 TFActivity 0 8 400 1976 Cs

11-04-08 100' 57 4 Stable 60 72 500 1980 Ru

11-04-10 102' 295 4 TFActivity 0 15 35K 1985 Cs

11-0411 125' 312 4 UnstableEady 18 82 11K 1975 Ru

Unstable Early 90 102 300 1977 Ru

11-04-19 125' 169 4 Unstable Early 56 78 200 1978 Ru

aProbe type:
Caution must be used when relating GTP values in zones recorded with different probe types.
14 = Shielded NaI, moderately sensitive; reads moderate levels of gamma ray activity.

4 = NaT, most sensitive, reads lowest level of gamma ray activity and therefore used in zones of

limited activity

bCategory: defined above in 1.0 Introduction.
TF Activity; abbreviation for Tank Farm Activity

cIsotopes Present: Radionuclides used in GTP plot. Radionuclides identified as present by HPGe

survey or hypothesized based on rate of decrease (e.g. Rui06), see 3.4 Isotopes Identified.
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^ 2 Subsurface Categories

2.1 Clean

A clean well is one that exhibits no observable change in the character of the activity over the

logging history of the well, and does not have any isotopes identified by the SGLS greater than the

average background levels of naturally occurring gamma ray emitting isotopes. Non-gamma

emitting radionuclides or other contaminant species might be present but are not detected by either

HPGe or gross gamma logging. Although spurious surveys (those readings that do not repeat over

time) may exist in the frequency clean and the average background plots, the trend of the data is

clear. Nine of 31 dry wells (i.e., 30%) in the AX Tank Farm are considered clean (Figure 2) and are

listed in Table 2. The remaining 22 wells are considered contaminated and are categorized and

discussed in the following sections.

Table 2. AX Tank Farm Clean Wells

^J

Borehole
Number

Survey
Depth
feet

Category

11-02-01 121' Clean

11-02-02 100' Clean

11-02-03 74' Clean

11-02-04 100' Clean

11-02-07 100' Clean

11-02-10 100' Clean

11-02-22 125' Clean

11-03-05 100' Clean

11-03-10 100' Clean

2.2 Contaminated

A total of 28 contaminated zones were identified in the remaining 22 boreholes, with up to three
zones identified in one borehole (11-03-07). In some cases, the zones are continuous; in others, there
are non-contaminated intervals between zones of contamination. This is especially true for boreholes
in which there are zones of Tank Farm Activity which, typically, occur in the upper 20 feet of a
borehole.

Specific gamma-emitting isotopes that are in the subsurface are identified from data acquired by the
HPGe detector. Integration of the decay rate of the radionuclide species identified by HPGe with the
gross gamma ray data collected during the dry well surveillance program provides insight as to the
rate of change, if any, of radionuclides in the subsurface. During the analysis of AX Tank Farm

data, five gamma-emitting isotopes were identified or hypothesized to have occurred in one or more
radioactive contamination zones. They are antimony-125 (Sb-125), cesium-137 (Cs-137), cobalt-60
(Co-60), europium-154 (Eu-154), and ruthenium- 106 (R.u-106).
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Cesium-137 was identified in 18 zones, most often as the sole isotope in a zone, although it is found

with other gamma-emitting isotopes in six zones.

Antimony- 125, Cobalt-60, and europium- 154 were identified by the HPGe survey in six total zones,

always with other isotopes (generally cesium-137).

Ruthenium-106 is hypothesized as the sole isotope in nine zones and is present with cobalt-60 in one

zone.

The isotopes identified in AX Tank Farm with the HPGe detector exist primarily under three

categories of subsurface conditions: tank farm activity, unstable early, and stable. Nine unstable

early conditions, two stable, and seventeen tank farm activity zones are present in AX Tank Farm.

Dry well locations (centered on the borehole name) and the conditions of subsurface zones are shown

in Figure 2. A single symbol for a dry well may indicate multiple zones of the same designation.

AX Tank Farm
Clean

n Stable Radiation Zone
•

N
Adi iT kF van arm ry

Categories♦ Unstable Early

11-U113 t t-01-o1
• 11.01.11 •

•11-0s02
11-0>10 •

+
0 11-01-O2

11-01-1
••

AX-103 AX-101
11.OSOS •

♦
11-o1-u<

•140307 11-0Y05 11-01-07

• + •
♦ 11a1.os

•11-02-12
11.ON1 11-0601

11-02-22 •
♦ •

1

11-04-10 11-02-02

• 11-02-10 +

C o

11-0^0,
+

11-06
11-020 4

+

t•so
• 11^w 11-02-07 11-02-05

• + •

Scale (100 ft)

Figure 2. AX Tank Farm Radiation Zone Categories
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2.2.1 Tank Farm Activity

A sudden, significant change in the intensity of gross gamma rays between successive gross gamma

surveys at or near the ground surface suggests that contamination may have resulted from tank

farm activities or logging procedure changes. Radioactive contamination occurs at the surface in

seventeen wells, apparently as the result of tank farm activities (i.e., logging procedure changes,

transfer line operations, valve box and conduit leaks, surface spills, etc.). These wells are listed in

Table 3.

Table 3. AX Tank Farm Activity Zones

^

Borehole
Number

Survey
Depth
feet

"ProbeType Category Zone
Top

(feet)

Zone
Base
feet

Max GTP
(ftxc/s)

Year
Max

`Isotopes
Present

11-01-01 100' 4 TF Activity 0 22 400 1975 Cs

11-01-02 100' 4 TF Activity 0 10 300 1984 Cs

11-01-04 100' 4 TF Activity 0 12 200 1975 Cs

11-01-05 100' 4 TF Activity 0 18 500 1984 .31 Cs

11-01-07 100' 4 TF Activity 0 12 4K 1975 Cs, Eu

11-01-09 103' 4 TF Activity 0 14 400 1983 Cs

11-01-10 75' 4 TF Activity 0 20 350K 1985 Cs, Eu

11-01-11 100' 4 TF Activity 0 8 400 1984 Cs

11-02-05 100' 4 TF Activity 0 8 300 1975 Cs

11-02-12 50' 4 TF Activity 0 27 200K 1975 Cs

11-03-02 100' 4 TF Activity 0 29 140K 1975 Cs

11-03-07 104' 4 TF Activity 0 14 75K 1975 Cs, Eu

11-03-12 100' 4 TF Activity 0 20 5K 1975 Cs, Sb

11-04-01 100' 4 TF Activity 0 12 200 1985 Cs

11-04-05 100' 4 TF Ac4ivity 0 10 400 1975 Cs

11-04-07 96' 4 TF Activity 0 8 400 1976 Cs

11-04-10 102' 4 TF Activity 0 15 35K 1985 Cs

2.2.2 Undetermined

Infrequently, stability cannot be determined due to gross gamma energy levels exceeding the system

design criteria (both upper and lower limits), insufficient data, possible effects of depth shift, and

surface activities. No zones in the AX Tank Farm are categorized as undetermined.

2.2.3 Stable

The subsurface condition of a zone with radioactive contamination is considered stable when:

• The decay rate of the isotope(s) identified with HI'Ge survey matches the trend observed in

the GTP of the gross gamma ray data,
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^ • Contaminants continue to decay at a rate consistent with the hypothesized isotope(s) half-

life, and

No noticeable change in concentration is apparent over the short time interval that data

were collected.

Two zones are considered stable in AX Tank Farm and are listed in Table 5.

Table 4. AX Tank Farm Stable Zones

Borehole Survey °Probe Type Category Zone Zone Max GTP Year `ISOtopes

Number Depth Top Base (ft x c/s) Max Present

(feet) feet feet

11-03-02 100' 4 Stable 29 40 2K 1975 Cs, Sb

11-04-08 100' 4 Stable 60 72 500 1980 Ru

The term "Stable", as used in this analysis, is defined as the apparent match of the GTP values to

the decay curve for the isotopes known or hypothesized to be present, and does not refer to the

inherent condition of the contamination. The mobility of the radioactive contaminants in the

subsurface soils before or after the gross gamma ray and HPGe data collection period is

undetermined. If a new driver were introduced (e.g., the influx of a large volume of liquid),

contaminants could be remobilized. Similarly, a change in geochemical conditions in the soil could

also affect mobility. Given the current gross gamma and HPGe data, it cannot be determined if

remobilization will or will not occur.

2.2.4 Unstable

The subsurface condition of a zone with radioactive contamination is considered unstable when, at

some point within the time interval of data collection, contamination was not decreasing at the decay

rate of the isotope(s) identified with HPGe detector. In this case, the decay curve does not match the

trend observed in the GTP of the identified or hypothesized isotope. In the AX Tank Farm, nine

zones are identified which exhibited instability within the time period that gross gamma ray data

were collected. In each of these nine zones the instability occurred during the earlier years of data

collection for certain depth intervals; however, in later years, the GTP follows the decay curve of the

known or hypothesized isotopes. A listing of the nine unstable early zones is presented in Table 6.

The rate of decrease in the GTP for four of the unstable early zones is faster than the hypothesized

isotope (106Ru) which may indicate that either the isotope selection may need to be revised, or that

the contaminant migration rate could be high, or both (boreholes: 11-03-07; 14-40 ft, 11-03-09, 11-04-

01, and 11-04-11; 18-33 ft).

Table 5. AX Tank Farm Unstable Early Zones

Borehole Survey °Probe Category Zone Zone Max GTP Year `Isotopes

Number Depth Type Top Base (ftxc/s) Max Present

(feet) (feet) (feet)
11-02-11 100' 4 Unstable Early 50 65 700 1980 Ru

11-02-12 50' 14 Unstable Early 32 50 20K 1975 Ru, Co

^
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11-03-07 104' 4 Unstable Early 14 40 5K 1976 Ru

11-03-07 104' 4 Unstable Early 66 82 400 1976 Ru

'11-03-09 120' 4 Unstable Early 48 106 14K 1975 Ru

11-04-01 100' 4 Unstable Early 14 68 50K 1975 Ru

'11-04-11 125' 4 Unstable Early 18 82 11 K 1975 Ru

11-04-11 125' 4 Unstable Early 90 102 300 1977 Ru

11-04-19 125' 4 Unstable Early 56 78 200 1978 Ru

3 Details of Contaminated Conditions

Characteristics of the contaminated zones are summarized in the following discussions.

3.1 Stable Zones

The fixed decay rate of the isotope(s) present is used to calculate the decay curves (Figure 3). Table 6

lists the half-life of the isotopes encountered in the AX Tank Farm.

When a contaminated interval contains multiple isotopes, the intensity of the slowest decay

component is plotted to match the data over the most recent time period for which data exist. Faster

decay isotopes are then clearly indicated as necessary to match the trend of the GTP values. When

the decay curve fits the GTP plot, a stable condition is said to exist. When the decay curve does not

fit any portion of the GTP plot, stability cannot be established. The factors responsible for instability

are beyond the scope of this report.

Several zones within a number of wells in the AX Tank Farm exhibit gross gamma ray activity above

natural background. Some of these radioactive intervals are observed to be stable as verified by the

change in GTP over time which coincides with the decay rate of the isotope(s) identified or

hypothesized to have been present in the soil surrounding the dry well during the time interval data

were collected. The isotopes present in these zones vary and are presented above in Table 3 through

Table 5. In general, they occur as follows:

• Cs-137 is present in all of the tank farm activity zones, in half (one) of the stable zones and

in none of the unstable early zones.

• Ru-106 is hypothesized as present in half (one) of the stable zones and all of the unstable

early zones. In several unstable early zones the rate of decline in the GTP is greater than

the decay rate of Ru- 106, which may indicate a contaminant with high mobility.

• Co-60 occurs in one zone (unstable early) and in combination with other isotopes.

• Eu-154 occurs in three tank farm activity zones, each time with Cs-137.

• Sb-125 occurs in two zones, one tank farm activity and one stable zone. Each time Sb-125

occurs with Cs- 137.
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Table 6. Half-life of Isotopes Identified in the AX Tank Farm Boreholes

Isotope Half Life (yrs)

Co-60 5.27

Cs-137 30.17

Eu-154 8.50

Ru-106 1.02

Sb-125 2.77

Radionuclide Half Life Decay

1000

800 Cs-137 (30.17 yrs)

(T6

p^ ^ 600

:r m
m 2

a Eu-154 (8.50 yrs)

v 400

Of
Co-60 (5.27 yrs)

200 Sb-125 (2.77 yrs)

Ru-106 (1.02 yrs)

0

0 5 10 15 20

Year

Figure 3. Radionuclide Half-life Decay Rates

3.2 Depth of Contamination

About two-thirds of the dry wells in the AX Tank Farm show some contamination, 22 of 31 wells

(70%). Seventeen wells show surface contamination (categorized as Tank Farm Activity) from ground

surface to depths as great as 29 feet. Fourteen Tank Farm Activity zones are restricted to the upper
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20 feet and twelve contain only Cs-137. In thirteen boreholes, surface contamination (TF Activity) is
the only contamination in the borehole; in others, it is the uppermost zone of contamination, with
other contaminant zones at greater depth.

Figures 4, 5, and 6, depict borehole locations (centered on the borehole name) and contaminant
information. Figure 4 illustrates the depth to the top of contamination and the isotope(s) present at
that depth. Figure 5 illustrates the depth to the bottom of contamination and the isotope(s) present
at that depth. Figure 6 shows locations where GTP values are greater than 1,000 ft*c/s. Most
contaminant zones are less than 20 feet thick. The range in thickness is from 8 feet (three wells) to
64 feet (one well; 11-04-11).

AX Tank Farm
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Top Depth (ft) & Isotope
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11-01.1 C>
Cs•E

AX-103 AX-101o5 „- g-RR
„-^RR C

RY
0

11-01-04
Ca

0'-Ca.EU 0'
it-0307 11-0}05 11-01-07
if-RU Cc.Eu
6B -RU 0
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Srale (10Ufl)

0 100

Figure 4. AX Tank Farm Top of Contamination
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AX Tank Farm
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Figure 6. AX Tank Farm Observable Bottom of Contamination

A few boreholes contain multiple zones, with a maximum of three zones in one borehole (11-03-07).
The observable maximum depth of contamination (Figure 5) is dependent on the depth to which
detectors penetrated the subsurface. There appears to be one case in the AX Tank Farm where gross
gamma logging data indicate that gamma-emitting contaminants reached the bottom of a borehole
(11-02-12).

It should be noted that on various stack plots, there are high counts at the bottom of a borehole that
doesn't appear after 1983 when the log survey start and stop depths were controlled by the
computer. These high gross gamma responses at the bottom of the borehole resulted from longer
counting times due to operators activating the instrument a few to several seconds before activating
the hoist to move the logging tool up the borehole. The absence of elevated gamma counts after 1983

and the lack of confirmation by HPGe survey indicate that the high count rate zones seen at the base
of numerous boreholes before 1983 is apparent rather than real (resulting from tank farm
operations, i.e. logging practices).
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Depth control issues related to logging make much of the data at the surface prior to 1983 unusable
for evaluating contaminant conditions. Changes and variability in near count rate levels in the 1970s
through the early 1980s were common in many boreholes. Depth control issues inhibit the ability to
identify any downward movement of contamination prior to 1983. However, where depth control is

not an issue, data analysis can identify movement of contamination by the changes in the gross
gamma ray activity occurring at a rate that is faster than the decay rate of the isotope(s) present in
the zone.
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Figure 6. AX Tank Farm Grade Thickness Product Greater Than 1,000 ft*ds
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Brief Listing of General Observations and Special Data
Presentation Conditions

General Observations

Several re-occurring features in the gross gamma surveillance logs are listed in the following:

• Ru-106 is hypothesized to be present in several contamination zones where the grade thickness
product (GTP) is decreasing at a high exponential rate. If the rate of change in the GTP has a
poor match with the hypothesized isotope then the zone is categorized as Unstable Early. The
presence of Ru-106 in these old contamination zones is not certain. These unstable early
contamination zones may have contained other radionuclides with high migration rates and little
soil retention properties.

• The stack plots for many boreholes show elevated data readings at the bottom of a several
surveys before 1984. The HPGe survey may or may not detect contamination at the bottom of
the borehole. These elevated readings at the bottom of the borehole were examined and a grade
thickness product calculation was frequently performed. The readings vary between low and
high count-rates for successive surveys and are consistent with the result of manual operation of
the logging equipment (before computer based depth control). The grade thickness product plot
is not presented unless detectable levels of contamination are present.

• Depth control after 1984 is excellent and detailed survey features can be analyzed in complex
contaminant structures after this date.

• Around 1985, the frequency clean plot often shows a drop to a value slightly less than 100%. This
effect is caused by the zero readings at the surface (ie., a change in logging procedure).

• The first 2 to 5 surveys in 1975 often show an average (natural) background that is higher than
the remaining surveys.

• Occasionally, different files with different dates show the exact same data indicating electronic
copying errors.

• Before the onset of depth control (around 1984), the bottom reading for surveys varies between
low and high count-rates for successive surveys. The pattern between surveys is apparently
random.

• The HPGe minimum detection limit for the gamma-emitting contaminants is less than the Tank
Farms gross gamma surveillance probe detection limit. The detection limit for the Tank Farm
logging system is about 6 pCi/g.

Special Presentation Conditions

Several analysis processing and presentation methods are listed in the following:

• No data are deleted from the presentation plots; thus spurious surveys are often viewed.
• Stack plots are generated from a selected frequency (most common is quarterly). There is no

selection based upon interpreted validity of the survey.
• During analysis each survey is processed and analyzed, even when some surveys are not viewed

in a specific plot, such as the stack plot. A few anomalous (spurious) surveys can be presented on
the stack plot that have invalid data (generally due to tool failure). And the following survey,

^ generally the next day is consistent with the surveys prior to the anomalous survey.
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• The oldest and latest survey plots on a grade thickness plot are not necessarily the first and last

in the electronic data set. The oldest and latest surveys that represent the true vadose zone

^ condition are shown in the GTP and Clean plots. Thus the dates on the log plots may not match

the dates listed in the table on the header page preceding each dry well presentation.

• The random readings at the bottom of surveys before 1984 are judged not valid unless the SGLS

data indicates a measurable quantity at the bottom of a dry well.

• While other probe data exists in the set analyzed, these data are not processed in this work scope

unless they affect the conclusion for the stability of the dry well. However, the presence of these

data may be useful to the reader, and thus are listed in the table of the header page.
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Tank AX-101

Table of Contents
Tank AX-101 ....................................................

Borehole 11-01-01 ........................................
Borehole 11-01-02 ........................................
Borehole 11-01-04 ........................................
Borehole 11-01-05 ........................................
Borehole 11-01-07 ........................................
Borehole 11-01-09 ........................................
Borehole 11-01-10 ........................................
Borehole 11-01-11 ........................................

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the

Tank 101 in the AX Tank Farm.

Special Notes: None
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Borehole 11-01-01

Contamination (Cs-137) from 0-22 feet is Tank Farm Activity.

Grade thickness product over 0 to 22 feet is variable and erratic from 1975 to 1986,

indicative of tank farm activity. Since 1986, the grade thickness product is

consistent with the decay of Cs-137 (HPGe identified). The concentration of Cs-137

is up to 10 pCi/g from the surface to 5 feet and in a thin zone at 19 feet.

(lrnca (:ammn qnrvav Tnfnrmatinn

-.-1)

Probe Type Processed : 04: NaI

Other Probe Types : 03: Neutron

Survey De th : 100 ft

First Survey Date : 1/13/1975

Last Survey Date : 1/06/1995

Number Surveys Processed : 530

AnalvGis Notes

Method Used to Compute
Background:

Fixed background (24-50ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-22 ft Tank Farm Activity

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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RPP-8821. Rev. 0

Borehole 11-01-02
^.^

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity.

Grade thickness product over 0 to 10 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified). The concentration of Cs-137
is up to 7 pCi/g from the surface to 5 feet.

Gross Gamma Survev Information

Probe Type Processed : 04: NaI
Other Probe Types: 03: Neutron

Survey De th : 100 ft
First Survey Date : 1/13/1975
Last Survey Date : 1/06/1995

Number Surveys Processed : 523

Analvsis Notes
Method Used to Compute

Background:
Fixed background (12-50ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-10 ft Tank Farm Activity

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific

Tank AX-101 Page 33
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RPP-8821, Rev. 0

Borehole 11-01-04

Contamination (Cs-137) from 0-12 feet is Tank Farm Activity.

Grade thickness product over 0 to 12 feet is variable and erratic from 1975 to 1987,

indicative of tank farm activity. Since 1987, the grade thickness product is

consistent with the decay of Cs-137 (HPGe identified). The concentration of Cs-137

is up to 6 pCi/g from the surface to 5 feet and less than 3 pCi/g from 5 to 30 feet.

P-rnea (t7mmA.Q11rVPV Tnfnrmat.inn

^

Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron

Survey De th : 100 ft

First Survey Date : 2/11/1975

Last Survey Date : 1/05/1995

Number Surveys Processed : 519

Analvcia NntaG

Method Used to Compute
Background:

Fixed background (20-50ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-12 ft Tank Farm Activity

Anal st Name : R.K. Price

Com an Name : Three Rivers Scientific

Tank AX-101 Page 37
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RPP-8821, Rev. 0

Borehole 11-01-05

Contamination (Cs-137) from 0-18 feet is Tank Farm Activity.

Grade thickness product over 0 to 18 feet is variable and erratic from 1975 to 1987,
indicative of tank farm activity. The concentration of Cs-137 (HPGe identified) is up
to 100 pCi/g from the surface to 3 feet and less than 2 pCi/g from 3 to 15 feet.

Gross Gamma Survev Information

^

Probe Type Processed : 04: NaI
Other Probe Types: 03: Neutron

Survey De th : 100 ft
First Survey Date : 2/11/1975
Last Survey Date : 1/05/1995

Number Surveys Processed : 537

Analvsis Notes

Method Used to Compute
Background:

Fixed background (20-45ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-18 ft Tank Farm Activity

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific

Tank AX-101 Page 41
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RPP-8821, Rev. 0

Borehole 11-01-07

Contamination (Cs-137 & Eu-154) from 0-12 feet is Tank Farm

Activity.

Grade thickness product over 0 to 12 feet is variable and erratic from 1975 to 1984,

indicative of tank farm activity. Since 1984, the grade thickness product is

consistent with a least square fit for the decay of Cs-137 and Eu-154 (both HPGe

identified). The ratio of Cs-137 to Eu-154 on 1/1/1995 is 3.6:1. The HPGe survey

also identified Co-60 at low concentrations (less than 0.2 pCi/g) at 4 feet.

(trnac (lamma .S'nrvav Tnfnrmation

U

U

Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron

Survey De th : 100 ft

First Survey Date : 2/11/1975

Last Survey Date : 1/05/1995

Number Surveys Processed : 639

Analvaia NntPa

Method Used to Compute
Background :

Fixed background (16-46ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-12 ft Tank Farm Activity

Anal st Name : R.K. Price
Com an Name : Three Rivers Scientific

Tank AX-101 Page 45



FE

_0
N
^
CD

C C ,

o Man-Made

10

20

30

40

yN
^ 50

060
0

70

80

90

100

110

11-01-07 Combination Plot
40K 23811 . 232Th Total v

^

TF Gross y o

~ ^

- --^' -- -- --

J

---- -- -- -- - ---- - - -- -^
ax. count : ^

^---1--- -- ---- -- 1----- -- -1---
5148 cps

-- -^-----
^xcounts:

---. I I I I I ^
I

626 cps

---1'---a--- --- ----
I

- - ----
I

-- - ^---
^

I
-- -^---- - --^----

I I I 01105l95
--^---^-- -- ---- - - ---- -- - -^--- -- -^----- - - i----

--i---^-- -- ^----
I

-- i---- --•^̂ -^-- -- -^---- - --t----

j I
--i---r-- --- ---- - t---- - --i-- - -i---- --i----

I I I I I
-rt---r - --- ---- -^-+---- -- --r-- --t--- - --t----

i

LEGEND- -"cs
____-- --r---- -^--r-- --t---- -- r----

•^Ca I I

- I -, uaEu -- ---- -^------ ^ i--- --- ^ - -- ---i-

LItli
I I

-- ---- ----

• I

-----^

I

---j----

I

----^----j T ^

I

10

20

30

40

502

60
0

70

80

90

100

110
1a.+ 1 0. 10+ 1G^ pCilg 0 1 2 pGlg 1 00 2na 3C0 cps

pCifg I i pCilg i cps1

5 15 25 0.0 O S 1.0 ' I.5 0 50 100

A
^
^
CO

N_

0



i
l, ^

Borehole 11-01-07

0

10

20

30

p 40
cD

v ^
x 3 50

° '21.... 60

70

80

90

100

v
m

V

^

1975 1980 1985

Date (year)
1990 1995

Malysis by. Three Rivers ScleniHic

v
v
1b
N

N<
0



^

0
mma(05/

Ga
0

0
0

100 200

'

g
e)(Nanow

10 N
^o
' om
n
m
^

20

^

N O

^ O

30 a
c

^

40 N O

^

50

O
^ O

C C

Borehole 11 -01 -07 01 /05/95

Depth: 0-12 ft
(fixed background 16-46 ft)

0

Cs-137 & Eu-154
° Decay Line

o Cs-137 Decay Line

00

° °

PB 0 0 0

o ®0 9 0
°

0 0 0

0 0 06 0 0 0 04-°

° 0 0 ®o 0° o °oo 0
°0 8 0

o

1
60

50

40
70

o m30
c y

^ 120

1080
0

100

n T 80

90 y a 60

S 40^
.^

20

(0
CD

100
(Wide Line) 0

^ 0 500 1000

Gamma (Gs)
0 100 200

0 (NartcwLine)

10

20

30

40

a

50

975 1980 1985 1990 1995

Date (Year) 60

i e
h^

. ^ fi . .IIi., ^i,

aw»..j:..w s...-.,.._..-....- ....,...K :^_-.-.-

70

80

90

100 (Wide Llne)
Analysis by: Three Rivers Scienti0c

0 500 1000

^

^

N

O



RPP-8821, Rev. 0

Borehole 11-01-09

Contamination (Cs-137) from 0-14 feet is Tank Farm Activity.

Grade thickness product over 0 to 14 feet is variable and erratic from 1975 to 1995,
indicative of tank farm activity. The concentration of Cs-137 (HPGe identified) is up
to 14 pCi/g from the surface to 7 feet and less than 2 pCi/g from 7 to 32 feet.

Gross Gamma Survev Information

Probe Type Processed : 04: NaI
Other Probe Types: 03: Neutron

Survey Depth : 103 ft
First Survey Date : 1/20/1975
Last Survey Date : 1/05/1995

Number Surveys Processed : 695

Analvsis Notes

Method Used to Compute
Background:

Fixed background (15-50ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-14 ft Tank Farm Activity

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific

Tank AX-101 Page 49
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RPP-8821. Rev. 0

Borehole 11-01-10

Contamination (Cs-137 & Eu-154) from 0-20 feet is Tank Farm

Activity.

Grade thickness product over 0 to 20 feet is variable and erratic from 1981 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with a least square fit for the decay of Cs-137 and Eu-154 (both HPGe
identified). The ratio of Cs-137 to Eu-154 on 1/1/1995 is 14.8:1. The HPGe survey
also identified Co-60 at low concentrations (less than 5 pCi/g) from 4 to 6 feet.

Gross Gamma Survev Information

Probe Type Processed : 04: NaI
Other Probe Types: 03: Neutron

Surve De th : 75 ft
First Survey Date : 1/12/1981
Last Survey Date : 1/05/1995

Number Surveys Processed : 395

Analvsis Notes

\,./

Method Used to Compute
Background :

Fixed background (20-50ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-20 ft Tank Farm Activity

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-01-11

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity.

Grade thickness product over 0 to 8 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified). The concentration of Cs-137
is up to 20 pCi/g from the surface to 4 feet and less than 1 pCi/g for the remainder of
the borehole.

Gross Gamma Survev Information

Probe Type Processed : 04: NaI
Other Probe Types : 03: Neutron

Survey De th : 100 ft
First Survey Date : 1/13/1975
Last Survey Date : 1/05/1995

Number Surveys Processed : 657

Analvsis Notes

Method Used to Compute
Back ound :

Fixed background (10-50ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-8 ft Tank Farm Activity

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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Tank AX102
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Borehole 11-02-22 ........ ...................................... ............................................................................... 103

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the

Tank 102 in the AX Tank Farm.

Special Notes:
In borehole 11-02-12, two gamma probes were required to record the rapid decrease in gamma

activity. The high gamma activity in the upper contamination zone (0-27 feet) may be beyond the

linear count rate region of the NaI detector (probe type 04). The contamination in the lower zone (32-

50 feet) may extend beyond the bottom of the borehole (hole depth, 50 feet).
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Borehole 11-02-01

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1978 and 1994 in
the vadose zone from 2 to 121 feet. The HPGe logging system detected Cs-137 at up
to 10 pCi/g from the surface to 2 feet and less than 2 pCi/g for the remainder of the
borehole.

The low level contamination zone between 50 and 72 ft identified in the HPGe
survey (Cs-137) is below the detection threshold of the Tank Farm Surveillance
system. The detection threshold is about 6 pCi/g and the maximum Cs-137
concentration is 2 pCi/g from 70 to 71 feet.

Gross Gamma Survev Information

Probe e Processed : 04: NaI
Other Probe Types: 03: Neutron

Survey De th : 121 ft
First Survey Date : 6/12/1978
Last Survey Date : 6/03/1994

Number Surveys Processed : 149

Analvsis Notes

Method Used to Compute
Back und :

Threshold (0 < val < 50 c/s)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

None

Analyst Name : R.K. Price
Company Name : Three Rivers Scientific
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Borehole 11-02-01
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Borehole 11-02-02

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up
to 8 pCi/g from the surface to 2 feet, up to 5 pCi/g from 2 to 6 feet, and less than 2
pCi/g for the remainder of the borehole.

The low level Cs-137 contamination zone (HPGe identified) between 30 and 55 ft is
less than 1 pCi/g and is also below the detection threshold of the Tank Farm
Surveillance system.

Gross Gamma Survev Information

Probe Type Processed : 04: NaI
Other Probe Types : 03: Neutron

Survey De th : 100 ft
First Survey Date : 2/11/1975
Last Survey Date : 6/03/1994

Number Surveys Processed : 328

Analvsis Notes

U

Method Used to Compute
Back ound :

Threshold (0 < val < 50 c/s)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

None

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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Borehole 11-02-03

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1978 and 1995 in
the vadose zone from 2 to 74 feet. The HPGe logging system detected Cs-137 at up
to 20 pCi/g from the surface to 2 feet and less than 3 pCi/g for the remainder of the
borehole.

Gross Gamma Survev Information

Probe Type Processed : 04: NaI
Other Probe Types : 03: Neutron

Survey De th : 74 ft
First Survey Date : 7/10/1978
Last Survey Date : 6/03/1994

Number Surveys Processed : 38

Analvsis Notes

Method Used to Compute
Background:

Threshold (0 < val < 50 c/s)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

None

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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Borehole 11-02-03
Oldest Survey
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Borehole 11-02-04

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up
to 8 pCi/g from the surface to 2 feet and less than 2 pCi/g for the remainder of the
borehole.

Gross Gamma Survey Information

Probe Type Processed : 04: NaI
Other Probe Typ es: 03: Neutron

Survey De th : 100 ft
First Survey Date : 2/11/1975
Last Survey Date : 6/03/1994

Number Surveys Processed : 311

Anal sis Notes
Method Used to Compute

Background:
Threshold (0 < val < 50 c/s)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

None

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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Borehole 11-02-05

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity.

Grade thickness product over 0 to 8 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified). The concentration of Cs-137

is up to 10 pCi/g from the surface to 6 feet and less than 1 pCi/g for the remainder of
the borehole.

Grn4s Gamma Survev information

Probe Type Processed : 04: NaI
Other Probe Types : 03: Neutron

Survey De th : 100 ft
First Survey Date : 2/11/1975
Last Survey Date : 6/03/1994

Number Surveys Processed : 311

Analvsis Notes

Method Used to Compute
Background:

Fixed background (10-50ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-8 ft Tank Farm Activity

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-02-07

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up

to 13 pCi/g from the surface to 2 feet and less than 1 pCi/g for the remainder of the
borehole.

Gross Gamma Survev Information

^

Probe Type Processed : 04: Nal
Other Probe Types : 03: Neutron

Survey De th : 100 ft
First Survey Date : 2/18/1975
Last Survey Date : 6/03/1994

Number Surveys Processed : 309

Analvsis Notes

Method Used to Compute
Background :

Threshold (0 < val < 50 c/s)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

None

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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RPP-8821. Rev. 0

Borehole 11-02-10

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up
to 8 pCi/g from the surface to 2 feet and less than 1 pCi/g for the remainder of the
borehole.

Grosg Gamma Survev Information

^

Probe Type Processed : 04: NaI
Other Probe Types : 03: Neutron

Survey De th : 100 ft
First Survey Date : 2/11/1975
Last Survey Date : 6/03/1994

Number Surveys Processed : 322

Analvsis Notes

Method Used to Compute
Background:

Threshold (0 < val < 50 c/s)

Depth(s) where Contamination
Identified in Gross Gamma Surve s:

None

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-02-11

Contamination (Ru-106) from 50-65 feet is Unstable Early.

The stack plot identified a contamination zone (50 to 65 feet) that was detected with
the first survey (1980) but rapidly decreased by 1986 to below detection levels. The

Grade thickness product for the first gamma surveys in 1980 shows that the activity

is probably increasing for a short time period. An increase in activity indicating a
possible unstable condition in the contaminant zone. After August 1980 the grade
thickness product is decreasing consistent with the decay of Ru-106 (hypothesis). By
the time the HPGe survey was acquired in 1996 the contamination level was below
detection levels. It can not be determined from the stack plot if the contamination
was migrating vertically through the formation soils.

The HPGe survey identified low levels of Cs-137 at the surface with the
concentration falling to less than 2 pCi/g by 2 feet. This near surface contamination
zone does not stand out on the stack plot.

Gross Gamma Survey Information

Probe Type Processed: 04: Nal
Other Probe Types: 03: Neutron

Survey De th : 100 ft
First Survey Date : 5/05/1980
Last Survey Date : 6/03/1994

Number Surveys Processed : 73

Analysis Notes

Method Used to Compute
Back ound :

Fixed background (66-90ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

50-65 ft Unstable Early

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-02-12

Contamination (Cs-137) from 0-27 feet is Tank Farm Activity.

Contamination (Ru-106 & Co-60) from 32-50 feet is Unstable

Early.

Two gamma probe types were required to record the rapid decrease in gamma

activity during the twenty year monitoring history. The analysis used probe types

14 (shielded) and 04 (unshielded scintillator, NaI).

The average background gamma activity and frequency clean plots during the early

years show that there are few depth positions in the surveys with low gamma

counts in the range of background. Also, the grade thickness product values had

less deviation when the average background was not subtracted during their

calculation.

Grade thickness product over 0 to 27 feet is for a high gamma activity zone with a

large amount of variability, indicative of tank farm activity. Probe type 04 may be

beyond its linear count rate region for this contamination interval. A decay line for

Cs-137 (HPGe identified) is plotted as a reference. Other HPGe identified isotopes

(Co-60 and Eu-154) are at concentrations too low to influence the grade thickness

product.

Grade thickness product over 32 to 50 is decreasing at a rate faster than the decay

of Ru-106 (hypothesis) during the time that the shielded NaI probe was used (1975

to 1981), which indicates an unstable condition. After 1981, the grade thickness

product for probe type 04 is decreasing consistent with the least square fit for the

decay of Co-60 (HPGe Identified) and Ru-106 (hypothesis). The ratio of Ru-106 to

Co-60 on 1/1/1975 is 2370:1. The zone is categorized as unstable early.

C.rnac (tamma .S'urvev Tnformation

Probe Type Processed : 04: NaI 14: Shielded NaI

Other Probe T es : 03: Neutron

Survey De th : 50 ft

First Survey Date : 04: 5/27/1975 14: 5/28/1975

Last Survey Date : 04: 6/03/1994 14: 9/01/1980

Number Surveys Processed : 04: 264 14: 281

Analvsis Notes

Method Used to Compute Back round : Background Not Subtracted

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-27 ft Tank Farm Activity
32-50 ft Unstable Early

Analyst Name : R.K. Price

Com an Name : Three Rivers Scientific

Tank AX-102 Page 95



v

xD

^C

N

T

N̂
(0
0)

C C

D

10

20

30

40

m

^50

0 60

70

80

90

100

11-02-12 Combination Plot

Man_MMde 40K 238U 232Th TotW y

C

TF Gross y
0

- -7- r-- --7---T-- ---iT- - i--iarourTts: r- -- i-"Maz ums: r--
I I 38000 kips i 55^50 cps

r,

J I

i

,,
r-t-rt-

^
-- --r--

I
-- --r-- --rt --r--

I
-7- t--r- -- --r--

-,

L

_I
r r-t--r-

I-- --r-- -- -r-- - --t -r--r- -- ---r--
}

I• I I I I ^

i^i
I I 06103194

-
f I I
r-t-+- r

I I

I I
--^ -t---

t

I
-- --+ --

I I

I I
-^ --r

- ---1---i--- ---F---i--- --i---f--- --t--+--I-- --^---^--
LEGEND I I I

• Is'cs I
I

I
I

I I
I I

^C0 - ---E---^-- --4---^--- --^---^-- -^---F--F-- ---+---'i---

'Eu
+^Sp I

® Hreh
-

I
---^---a--- --'+---a--- -^--+--i--- ---G---a---

DeadTime I
I

I I I
I I I

I
I

-
I I

^--^--^---i-
I 1 I

I
--1---L--

I
--1---l---

IEIH

I I I
-1--1'--L-

I I I
I I I

I
---i'---1---

I
1I I

I I

I

1
I

I
1-__L

I i I

I I I

I

I

10

20

30

40

m

50^

^.
m

60

70

80

90

100

10, 1 0-1 iro 1 01 io= 01 pCiJg 0.0 o.e 1.0 IS pCilg 0 00 200 300 400 tps
pCi1g i pCilg

Cps
0 10 20 30 0.0 0S 1 A 1 S 0 25 50 75

V^

0



C ^

Borehole 11-02-12 Probe 14

0

10

20

30

040

m ^
'y 3 50
X ^+

N ^
60

70

80

90

v̂
CD

^9

100 -F-1

1975

^

1980 1985

Date (year)

1990 1995

Analysis by: Three Rivers Scientific

^

.Z1

0



C C

Borehole 11-02-12 Probe04

0

10

20

30

040
cD

50

N ^
^ 60

70

80

90

m
m̂

co

100 -I-L

1975 1980 1985

Date (year)
1990 1995

Analysis by. Three RWem Scientric

wv
v
60
N

.Z1

0



c,
05/28/75
Gamma (o/s)

0 0 100 200

C
0̂

10 ^
^

N

Z

O
^

n

20 a

e
N^ O

7 ^
7C J

N 30

w

CD

Co

as
40 ^ a

r i

0 5000 10000

Borehole 11-02-12 Probe 14

® e
ee

^

e
0e

ag ^ ee ee

i^90^4.1

eO

e^ e8 e

e c9
eV ^ ^O

e O

0 ^

e0
u

0

Depth: 0-27 ft
Background Not Subtracted

, Cs-137 Decay Line

375 1980 1985 1990 195
Date (Year)

.:.3

C

09/01/80
Gamma (c/s)

0 1 00 200

1 0

20

0

9

5 30

40

50
1 ^I

Analysis by: Three Rivers Scienlilic

0 5000 10000

^
0

_0

6D
00

N

<

O



c
05/27/75
Gamma (cJs)

0 0 100 200

d N
a p

io
fD x

C2

6

n.i

20
k O
ew
N^ O v

7
><

O

^. .

Borehole 11-02-12 Probe 04

Depth: 0-27 ft
Background Not Subtracted

0

^, ^

° aa

o00

^^mo

0

oy^yo oom o^^oo

0
M o 0 oe o o

o
0 00 0 0

o^0 o

-

o

-

0
S

0
0

Cs-137 Deoay Line

0

0 0

0 9 00 0
0 00 0 0

N 80 p

1!

50

40
o ^ 30
c

ao 20

10

0
100

n.n 80

y n 60

so 40

y
Co

20

0

O0 0 56x703 11ox10'

75 1980 1985 1990 19!
Date (Year)

0 1

f^ f

c
06/03/94
Gamma (c/s)

0 0 10000 200

10 #

20

N

30

401 I

IW

II'I

{

IIII

nnerysis by: Three Rivers ScieMfic
0 55x103 710x70'

^

dD

.^7

0



C

05/28/75
Gamma (c/s)

0 100 200
0 --,

c
vâ
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RPP-8821, Rev. 0

Borehole 11-02-22

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 125 feet. The HPGe logging system detected Cs-137 at up
to 10 pCi/g from the surface to 2 feet and less than 3 pCi/g for the remainder of the
borehole.

The gamma survey depths increased from 70 to 125 feet for logs after April 15,
1978. The representative gamma survey plot on the borehole analysis graph shows
the first good survey after the log depth were increased to 125 feet.

Gross Gamma Survev Information

Probe Type Processed : 04: NaI
Other Probe Types: 03: Neutron

Survey De th : 125 ft
First Survey Date : 6/09/1975
Last Survey Date : 6/03/1994

Number Surveys Processed : 283

Analvgis Notes

Method Used to Compute
Back ound :

Threshold (0 < val < 50 c/s)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

None

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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Tank AX-103

Table of Contents
Tank AX-103 ............................................................................

Borehole 11-03-02 ................................................................
Borehole 11-03-05 ................................................................
Borehole 11-03-07 ................................................................
Borehole 11-03-09 ................................................................
Borehole 11-03-10 ................................................................
Borehole 11-03-12 ................................................................

This section contains the analysis results for vadose zone boreholes (dry wells) associated with the

Tank 103 in the AX Tank Farm.

Special Notes:
Borehole 11-03-07 - Two unstable early zones (14-40 and 66-82 feet) had increasing gamma activity

in 1976. In the upper contamination zone (14-40 feet) the stack plot in 1975 and 1976 shows a
change in shape of the gamma logs, indicating possible downward migration of the
contamination.

Borehole 11-03-09 - The grade thickness product is decreasing faster than the decay of Ru-106.

Tank AX-103 Page 108
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Borehole 11-03-02

Contamination (Cs-137) from 0-29 feet is Tank Farm Activity.
Contamination (Cs-137 & Sb-125) from 29-40 feet is Stable.

Grade thickness product over 0 to 29 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. The HPGe survey identified Cs-137 and Co-60 in
the interval. The dominant gamma-ray emitting contaminant is Cs-137 with
concentrations up to 2000 pCi/g. The maximum Co-60 concentration was 10 pCi/g.
The decay of Co-60 was not included in the grade thickness product plot decay line.

Grade thickness product over 29 to 40 feet is decreasing consistent with a least
square fit for the decay of Cs-137 and Sb-125 (both HPGe identified). The ratio of
Cs-137 to Sb-125 on 6/1994 is 539:1. The HPGe detection of Sb-125 occurred at non-
contiguous depth locations near 10 and 35 feet. The zone is categorized as stable.

Gross Gamma Survev Information

Probe Type Processed : 04: NaI
Other Probe Types : 03: Neutron

Survey De th : 100 ft
First Survey Date : 3/03/1975
Last Survey Date : 6/03/1994

Number Surveys Processed : 366

Analvsis Notes

L

Method Used to Compute
Back ound :

Fixed background (41-65ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-29 ft Tank Farm Activity
29-40 ft Stable

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-03-05

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up
to 12 pCi/g from the surface to 2 feet and less than 1 pCi/g for the remainder of the
borehole.

Gross Gamma Survev Information

Probe Type Processed : 04: NaI
Other Probe Types: 03: Neutron

Survey De th : 100 ft
First Survey Date : 2/24/1975
Last Survey Date : 6/03/1994

Number Surveys Processed : 351

Analvsis Notes

Method Used to Compute
Background:

Threshold (0 < val < 50 c/s)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

None

Analyst Name : R.K. Price

Company Name : Three Rivers Scientific
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Borehole 11-03-05
Oldest Survey

2/2411975
Gamma (cls)

0 0 100 200

10

20

30

40

"a 50

60

70

80

90

No Gamma-Rayfmitting Contamination
Above Survey Detection Threshold

50

45

40

y 35
^

30
0

I 15

10

5

0
1975 1980 1985 1990

Date (Year)

100

.... 80

d 60

S 40
v

LL
20

0

1995

100

000000000

GG00 00 p00 C U
o Mgoooo® 0 a o0 oaoo 0000000000 00®

Tank AX-103

Analysis by: Three Rivers Sclentfic

Page 117



RPP-8821. Rev. 0

Borehole 11-03-07
11_..

Contamination (Cs-137, Eu-154) from 0-14 feet is Tank Farm
Activity.

Contamination (Ru-106) from 14-40 feet is Unstable Early.
Contamination (Ru-106) from 66-82 feet is Unstable Early.

Grade thickness product (GTP) over 0 to 14 feet is variable and erratic from 1975 to
1985, indicative of tank farm activity. Since 1985, the grade thickness product is
consistent with a least square fit for the decay of Cs-137 and Eu-154 (both HPGe
identified). The ratio of Cs-137 to Eu-154 on June 1994 is 5.3:1.

The stack plot shows two intervals of contamination (14-40 and 66-82 feet) that
decreased to non-detectable levels by 1983. When the HPGe survey was acquired in
1996 the only low levels of Cs-137 was detected in the interval from 14 to 40 feet at
concentrations less than 2 pCi/g, which is below the detection threshold of the
gamma surveillance logs. The GTP for these lower two contamination zones shows
an increase in activity in 1976 followed by rapid decrease in activity. The GTP
decrease in the upper zone (14-40 feet) is faster than the decay rate of Ru-106
(hypothesis). While, the GTP of the lower zone (66-82 feet) is consistent with the
decay of Ru-106. The stack plot shows a change in shape in 1975 and 1976 of the
gamma logs for the 14-40 feet contamination zone, indicating possible downward
migration of the contaminates. This downward movement does not affect the
analysis result. The zones are categorized as unstable early.

Gross Gamma Survev Information

Probe Type Processed : 04: NaI
Other Probe Typ es: 03: Neutron

Survey De th : 104 ft
First Survey Date : 1/20/1975
Last Survey Date : 6/03/1994

Number Surveys Processed : 360

Analvsis Notes

Method Used to Compute Fixed background (40-65ft)
Back ound :

Depth(s) where Contamination 0-14 ft Tank Farm Activity
Identified in Gross Gamma Surveys : 14-40 ft Unstable Early

66-82 ft Unstable Early
Analyst Name : R.K. Price

Com an Name : Three Rivers Scientific
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Borehole 11-03-09

Contamination (Ru-106) from 48-106 feet is Unstable Early.

The stack plot shows a contamination zone (48 to 106 feet) that rapidly decreased
by 1980 to non-detectable levels. The Grade thickness product for the contamination
zone is decreasing at a rate faster than the decay rate of Ru-106 (Hypothesis). The
category is unstable early. By the time the HPGe survey was acquired in 1996 the
contamination level was below detection levels. It can not be determined from the
stack plot if the contamination was migrating vertically through the formation soils.

The HPGe survey identified low levels of Cs-137 at the surface with concentrations
declining to less than 2 pCi/g by 2 feet. No grade thickness analysis was presented
for this zone.

Gross Gamma Survev Information

Probe e Processed : 04: NaI
Other Probe Types: 03: Neutron

Survey De th : 120 ft
First Survey Date : 1/13/1975
Last Survey Date : 6/03/1994

Number Surveys Processed : 361

Analvsis Notes

Method Used to Compute
Background:

Fixed background (10-46ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

48-106 ft Unstable Early

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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m

^ c

11-03-09 Combination Plot
1q7_ 40, 2381 , 232Th Toia1 v

0-

10

20

30

40

Y
N

70

80

90

100

110

^

TF Gross 'Y
va

a ^
I

i

^ 1----' -^---- 1----

I

- -^-----

1

- --^-----couds^419ez

^

--1----
Q /03P94. i16

^ ^s

----^----

I
-- ---- -- ---- - -^---- -- -^---- - --^----

I i •

----^----
i

-- ^---- -- -^---- - -+---- - --4----- ---i------

----^----- --- +---- --- ^---- -- -^----- -- -+---- - -±----

i`^ i I

--i----

i

--- i
---- -- i

----

^
+---- -- -i---- - --i----

H

i i i

-------- - -i---- -- i---- - i---- - --i---- - --i ----

i

^ ----
----t---- - -t---- - -t---- i----

i

- --t---- --t

i

I
-----(----- -- -(----- T---- ---7----- - - T---- T----

I

I i -^ ----^- ----i - --^----
-----r---- ---- T- ---- -T T i

^ I i i

----^----
i

-^---- -^--^---- --^---- ---j----

I

---j----

Ii
I

I I
cps

10

20

30

40

MY

:RI ^

L

60

70

80

90

100

110

101 o. 10+ pCdg 0 1 2 pClg +00 200 30°

pCilg e is 25
pCllg 0 1

2 cps
0 50 100

d
^
CD
^
N
CYI

'^D
_0

co
N

CD

0



d

I

C C

11-03-09 Combination Plot
137r.. 40Lf 23811 232Th Total y rF Qnas y

DD -- - ^ ^- -

--- T----

L

^ I I
12C

120 y.r ----i----

I

--

I

130 ----t----

j

----t----

j

I

----'f'----- ----t---- ----i---- ----t---- 13(

140 ----"j---- - ----t---- -

I

----i---- - -----i---- - -----i---- ---_i---- 14[

'150 ----t----

j

----t----

I

----t---- ----t---- ----t---- ----i---- 151

160 --------- ----i----

I

----i----

i

---------

^

--------- --------- 161

170 - ------^----- ----^---- ----i---- --------- ----i----
I

---------- 17i

180 -----^---- ----'^-----

I
---- -----

I
----'^'----

I

'
----'}'----

I

-_--+_-__
I

16

190 - - ----- '----
I

----1-----

j

----1----

I

I
- ----- ---- -

I
------ ---- -

I
I

------ ----
i

19

2DD ----^ - ----^----
I

--- i- - 1- - - i- - - -^ - 20

S

^
a
C

ia, 1 0, 1 0, pa19 U , I ^ ^uy --i i'
pCi/g

5 I S 25 pCilg 0 1 2 Fps 0 50 100
w
^
m

C

^

.^.
m N

^LIE

Cl O

^



^. ^

Borehole 11-03-09

0

^

10

20

30

40

0 50
<D

F 3 60

^
W 70CDM....

80

90

100

110

120

X0
v
CO
N

N<
0

^ 1975 1980 1985 1990 1995

N Malysis by: Three Rivers ScientificDate (year)
4



C:

01/13/75
Gamma(Gs) o

0
0

100 200 O
rrow me

0

0
10

^ O
pf O
n

20

^ O

30

0
a

40 g
^ o

O50

3 0

60 0

0
W O

C I

Borehole 11-03-09

Depth: 48-106 ft
(fixed background 10-46 ft)

0g

o

Ru-106 Decay Line

o °0 0
0

C

06/03/94
Gamma (Gs)

0 100 200
0

t01 ) 1

20

30

40

050

v

60

70 1975

50

1980 1985 1990 1995 70
Date (Year)

`ii, :^fidl{fffff^^f^ffff ffffff fffffifftf ^fffif fff^fEff^u'^

80
40

o m30

90
c y

20

H 10

100 100

n T 80
@
xi 60

110 ^

40

^ 20Oj
OZ
tp 120 p
^ We Line

0 400 800

80

90

100

110

Analysis by:Three Rivefs Scientific '°

.Z1
a
^
m
CO

^

O



RPP-8821. Rev. 0

Borehole 11-03-10

No Gamma Ray Emitting Contamination Identified.

No significant levels of gamma ray contamination are present, based on gross
gamma data, above the survey probe detection threshold between 1975 and 1995 in
the vadose zone from 2 to 100 feet. The HPGe logging system detected Cs-137 at up
to 7 pCi/g at the surface to 2 feet, less than 4 pCi/g from 2 to 15 feet, and less 0.5
pCi/g for the remainder of the hole. The gross gamma survey detection threshold is
about 6 pCi/g.

Gross Gamma Survev Information

^1.'

U

Probe Type Processed : 04: NaI
Other Probe Types : 03: Neutron

Survey De th : 100 ft
First Survey Date : 1/20/1975
Last Survey Date : 6/03/1994

Number Surveys Processed : 359

Analvsis Notes
Method Used to Compute

Background:
Threshold (0 < val < 50 c/s)

Depth(s) where Contamination
Identified in Gross Gamma Surve s:

None

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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Borehole 11-03-10
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Borehole 11-03-12
^

Contamination (Cs-137 & Sb-125) from 0-20 feet is Tank Farm
Activity.

The stack plot shows two contamination zones (0-9 ft and 9-20 ft) each with

different apparent character. The two sub-zones were examined separately to

determine any possible major differences. The only difference was the relative

contribution of the two dominant isotopes, Cs-137 and Sb-125 (both HPGe

identified). The grade thickness product for the two sub-zones are included as a

reference.

Grade thickness product over 0 to 9 feet is variable and erratic from 1975 to 1986,

indicative of tank farm activity. Since 1986, the grade thickness product is

consistent with a least square fit for the decay of Cs-137 and Sb-125. The ratio of

Cs-137 to Sb-125 on 6/1994 is 28:1.

Grade thickness product over 9 to 20 feet also is erratic from 1975 to 1982, relative

to the decay line, and possibly is an artifact of tank farm logging procedures before

1982. After 1982 the grade thickness product is consistent with a least square fit for

the decay of Cs-137 and Sb-125. The ratio of Cs-137 to Sb-125 on 6/1994 is 1.4:1.

^ The contribution from Cs-137 to the gross gamma log is significantly less in this

lower zone.

(:rnns Camma .S'nrvav Tnfnrmation

Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron

Survey De th : 100 ft
First Survey Date : 1/13/1975
Last Survey Date : 6/03/1994

Number Surveys Processed : 366

Analvcic Nntaa

Method Used to Compute
Background:

Fixed background (21-50ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-20 ft Tank Farm Activity

Analyst Name : R.K. Price

Company Name : Three Rivers Scientific

^
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Tank AX-104

Table of Contents
Tank AX-104 ..............................................................
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This section contains the analysis results for vadose zone boreholes (dry wells) associated with the

Tank 104 in the AX Tank Farm.

Special Notes:
Borehole 11-04-01 - The stack plot shows a distribution profile change that possibly indicates

migrating contaminants

Borehole 11-04-11 - The stack plot shows increased gamma activity at progressively lower depths

and at successively later times. However, there is no definitive evidence that the contaminants

migrated vertically during this time interval.

Borehole 11-04-19 - The grade thickness product shows increasing activity in 1978.

Tank AX-104 Page 139
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Borehole 11-04-01
^

Contamination (Cs-137) from 0-12 feet is Tank Farm Activity.

Contamination (Ru-106) from 14-68 feet is Unstable Early.

Grade thickness product over 0 to 12 feet is variable and erratic from 1975 to 1986,

indicative of tank farm activity. Since 1986, the grade thickness product is

consistent with the decay of Cs-137 (HPGe identified). The concentration is up to 15

pCi/g from the surface to 3 feet and near the minimum detection threshold (6 pCi/g)

from 3 to 12 feet.

The stack plot shows a large contamination interval (14 to 68 feet) with a changing

distribution profile as the activity decreased to non-detectable levels by 1982. When

the HPGe survey was acquired (1996) the only detectable contamination was Cs-137

at low concentrations (less than 2 pCi/g). The grade thickness product (GTP) is

decreasing faster than the decay rate of Ru-106 (hypothesis). The GTP plot shows

an increase in activity in 1976, followed by continued rapid rate of decline. The Ru-

106 decay line is plotted as a reference. The zone is categorized as unstable early.

The grade thickness product plot for the main zone (14-68 ft) is divided into three

sub-zones (14 - 29 - 45 - 68 ft) to examine how the contamination distribution

profile changed with time. The upper sub-zone (14-29 ft) decreased steadily at a rate

faster than the decay rate of Ru-106. The middle sub-zone (29-45 ft) increased

during 1975, reaching a maximum in May 1976, then decreased at a rate faster

than the decay of Ru-106. The lower sub-zone (45-68 ft) had two time intervals of

increasing activity, the first increase began in 1976 and the second began in 1979.

C,rnaa Oamma Survev Information

Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron

Survey De th : 100 ft

First Survey Date : 1/20/1975

Last Survey Date : 6/03/1994

Number Surveys Processed : 307

Anal sis Notes

U

Method Used to Compute
Background:

Fixed background (70-95ft)

Depth(s) where Contamination

Identified in Gross Gamma Surveys :
0-12 ft Tank Farm Activity
14-68 ft Unstable Early

Analyst Name : R.K. Price

Com an Name : Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-04-05

Contamination (Cs-137) from 0-10 feet is Tank Farm Activity.

Grade thickness product over 0 to 10 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. The concentration of Cs-137 (HPGe identified) is up
to 20 pCi/g from the surface to 6 feet and less than 2 pCi/g for the remainder of the
borehole.

Gross Gamma Survev Information

Probe Type Processed : 04: NaI
Other Probe Types: 03: Neutron

Survey De th : 100 ft
First Survey Date : 2/24/1975
Last Survey Date : 6/03/1994

Number Surveys Processed : 299

Analvsis Notes

Method Used to Compute
Background:

Fixed background (12-50ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-10 ft Tank Farm Activity

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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RPP-8821. Rev. 0

Borehole 11-04-07

Contamination (Cs-137) from 0-8 feet is Tank Farm Activity.

Grade thickness product over 0 to 8 feet is variable and erratic from 1975 to 1986,
indicative of tank farm activity. Since 1986, the grade thickness product is
consistent with the decay of Cs-137 (HPGe identified). The concentration of Cs-137
reached a maximum of 35 pCi/g at 1 foot, is less than 10 pCi/g from 1 to 4 feet, and
is less than 1 pCi/g for the remainder of the borehole.

Grosg Gamma Survev Information

Probe Type Processed : 04: NaI
Other Probe Types : 03: Neutron

Survey De th : 96 ft
First Survey Date : 3/17/1975
Last Survey Date : 6/03/1994

Number Surveys Processed : 269

Analvsis Notes

Method Used to Compute
Back ound :

Fixed background (10-50ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-8 ft Tank Farm Activity

Anal st Name : R.K. Price
Com an Name : Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-04-08

Contamination (Ru-106) from 60-72 feet is Stable.

The stack plot shows a contamination zone (60 to 72 feet) that rapidly decreased by
1986 to non-detectable levels. The stack plot indicates that the gamma activity in
the upper portion of the contamination zone (60 to 65 feet) decreased at a faster rate
than the lower portion. By the time the HPGe survey was acquired in 1996 the level
of contamination was below detection. The Grade thickness product for the
contamination zone is decreasing with the decay rate of Ru-106 (Hypothesis), thus
the classification of stable.

The HPGe survey identified low levels of Cs-137 at the surface with concentration
declining to less than 3 pCi/g by 2 feet. No grade thickness analysis was presented
for this zone.

Gross Gamma Survey Information

Probe Type Processed : 04: NaI
Other Probe Types: 03: Neutron

Survey De th : 100 ft
First Survey Date : 1/23/1980
Last Survey Date : 6/28/1989

Number Surveys Processed : 57

Analysis Notes
Method Used to Compute

Back round :
Fixed background (72-95ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

60-72 ft Stable

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-04-10

Contamination (Cs-137) from 0-15 feet is Tank Farm Activity.

Grade thickness product over 0 to 15 feet is variable and erratic from 1975 to 1984,

indicative of tank farm activity. Since 1984, the grade thickness product is

consistent with the decay of Cs-137 (HPGe identified). The concentration is Cs-137

is up to 2000 pCi/g from the surface to 12 feet and less than 3 pCi/g for the

remainder of the borehole. The Co-60 and Eu-154 were detected by the HPGe

survey between 2 and 5 feet at concentrations much lower then Cs-137, 0.5 and 3

pCi/g respectively. The low levels of Co-60 and Eu-154 have no effect on the

analysis results and are not plotted.

Gross Gamma Survev Information

Probe Type Processed : 04: NaI

Other Probe Types : 03: Neutron

Survey De th : 102 ft
First Survey Date : 3/10/1975

Last Survey Date : 6/03/1994

Number Surveys Processed : 295

AnalvGis Notes

U

Method Used to Compute
Back ound :

Fixed background (16-50ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

0-15 ft Tank Farm Activity

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific

Tank AX-104 Page 160
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RPP-8821, Rev. 0

Borehole 11-04-11
^'

Contamination (Ru-106) from 18-82 feet is Unstable Early.

Contamination (Ru-106) from 90-102 feet is Unstable Early.

The gamma log survey depths increased from 100 ft to 125 ft after May 1978.

The stack plot shows two intervals of contamination, a broad one (18 - 82 feet) and

a narrow one (90 - 102 feet). The activity in both zones decreased to non-detectable

levels by 1983 and when the HPGe survey was acquired in 1996 the contamination

was below the minimum detection threshold.

The gamma survey distribution profile in the stack plot shows the gamma activity

increasing at progressively lower depths and at successively later times. For

example, between the first and second stacked gamma survey logs (1975) the

activity of the zone at 60 feet increases significantly. Followed shortly by increases

at 72 and 94 feet, (1976 and 1979, respectively). Even though there are obvious

increases in the gamma activity in sub-zones on the stack plot, there is no definitive

evidence that the contaminants migrated vertically during this time interval.

Either interpretation could be applied.

The grade thickness product for the upper contamination zone (18-82 ft) shows a

decrease in gamma activity with variations that may indicate contaminant re-

distribution (which includes horizontal movement). The decay line of Ru-106

(hypothesis) is plotted as a reference. The zone category is unstable early.

This upper contamination zone is sub-divided into three sub-zones (18 - 33 - 65 -

82 ft) to examine how the contamination distribution profile changed with time. The
upper zone (18-33 ft) decreased at a rate faster than Ru-106 and had a change in

decay rate in 1979. The middle zone (33-65 ft) increased during 1975, reaching a

maximum in May 1975, then decreased at a variable rate that was slower than Ru-

106. The ten GTP values near zero at the end of 1975 are for surveys that are not

consistent with the borehole profile either before or after the anomaly, These

surveys may be for another borehole. There was a second increase in grade

thickness product beginning May 1978. The lower zone (65-82 ft) had two time

intervals of increasing activity. The activity of the lower zone increased in 1975,

reaching a maximum in November 1976 and again increased a very small amount

in 1981.

The grade thickness product plot for 90-102 ft shows an increase in 1976, reaching a
maximum in September 1976. The grade thickness product does not begin to

decrease until 1980. The decay line for Ru-106 (hypothesis) is shown as a reference.
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RPP-8821, Rev. 0

The average background plot on each grade thickness product graph shows a rise

during 1976 that is not characteristic of the gross gamma survey data. Also, notice

the slight decrease in 1976 of the frequency clean plot. The increase in average

background possibly reflects a general increase in gamma activity during 1976 that

may be the result of low level contamination influencing a large depth interval

around this borehole.

f!vnce (lomma C11M1PV Tnfnrmntinn

Probe Type Processed : 04: NaI

Other Probe Types : 03: Neutron

Survey De th : 125 ft

First Survey Date : 1/20/1975

Last Survey Date : 6/03/1994

Number Surveys Processed : 312

Analvcia NntPc

Method Used to Compute
Back ound :

Fixed background (82-90ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

18-82 ft Unstable Early
90-102 Unstable Early

Analyst Name : R.K. Price

Com an Name : Three Rivers Scientific
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RPP-8821, Rev. 0

Borehole 11-04-19

Contamination (Ru-106) from 56-78 feet is Unstable Early.

The stack plot shows a low level contamination zone (56 to 78 feet) in the first

couple of years of gamma surveillance logs. By the time the HPGe survey was

acquired in 1996 the level of contamination was below detection. The grade

thickness product for the zone shows a rapid increase in activity during 1978 with

the maximum activity being reached in August 1978. The rate of decrease was also

rapid, decreasing to non-detectable levels by 1982 and is almost a linear decline. A

decay line for Ru-106 (hypothesis) is plotted as a reference. It is not clear whether

or not the decrease in grade thickness product is consistent with the decay of Ru-

106. No activity has been identified in the zone since 1982. The zone category is

unstable early.

The HPGe survey identified Cs-137 in the borehole at concentrations below the

gross gamma detection threshold. The Cs-137 concentrations are 3 pCi/g and less

for depths from 2 feet to the borehole bottom.

(`rrnaa ('lamma Survev Information

U
Probe Type Processed : 04: NaI

Other Probe Types: 03: Neutron

Survey De th : 125 ft
First Survey Date : 3/23/1978
Last Survey Date : 6/03/1994

Number Surveys Processed : 169

AnalvGiG Nntes

Method Used to Compute
Back ound :

Fixed background (10-50ft)

Depth(s) where Contamination
Identified in Gross Gamma Surveys:

56-78 ft Unstable Early

Analyst Name : R.K. Price
Com an Name : Three Rivers Scientific

Tank AX-104 Page 174
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