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Executive Summary

The U.S. Department of Energy (DOE) Richland Operations Office tasked the OE Grand
Junction Office (GJO) with performing a baseline characterization of the gamma-ray-emitting
radionuclides that are distributed in the vadose zone sediments surrounding the single-shell tanks
(SSTs) at the Hanford Site. This project helps to identify possible sources of any subsurface
contamination encountered during the logging and to determine the implications of the
contamination for Tank Farm operations. The acquired data establish a contamination iseline
that can be used for future data comparisons, tank-leak verifications, and for developing
contaminant flow-and-transport models.

Information regarding vadose zone contamination was acquired by logging the 1onitoring
boreholes positioned around the SSTs using a spectral gamma logging system (SGLS). This
system employs a high-purity germanium detector and is designed to acquire laboratory-quality
assays of the gamma-emitting radionuclides in the sediments. This report documents the spectral
gamma-ray logging results obtained from the monitoring boreholes that surround tank C 8.

Tank C-108 is categorized as sound with interim stabilization and intrusion revention
completed. The tank is currently listed as containing noncomplexed waste that con s of
66,000 gallons (gal) of sludge, with no interstitial liquid remaining (Hanlon 1997).

Cesium-137 (**’Cs) and cobalt-60 (¥*Co) were the major gamma-emitting contaminants tected
in the vadose zone sediments surrounding this tank. The majority of the *’Cs contamination is
confined to the near-surface and shallow subsurface regions of the backfill material surrounding
tank C-108. The majority of the ®Co contamination consists of an extensive contaminant plume
distributed within the native sediments below the tank farm excavation near the no1 easts :of
the tank. Isolated occurrences of uranium-235 (3**U) were detected at the gror  lsur” :intwo
boreholes. A thin zone of europium-154 (**Eu) was detected at the approximate depth of a
cascade line in one borehole, and a single occurrence of europium-152 (**?Eu) was detected in a
dual-cased borehole.

On the basis of shape factor analysis results, the '*’Cs contamination is, in most cases, interpreted
to be uniformly distributed in the backfill material around the boreholes associated with tank
C-108. ...is contamination most likely resulted from surface spills and/or airborne
contamination releases related to routine tank farm operations. It appears that the contamination
has been driven downward in the backfill material as deep as 30 feet (ft) by precipitation
infiltration.

A distinct zone of subsurface *’Cs and *Eu contamination was detected in a borehole located
near the C-108-to-C-109 cascade line. However, shape factor analysis of the data indicates
contamin ~* n detected by the SC™ 7 probably consists of residual waste contained within the
cascade piping and that little or no leakage has occurred.

Subsurface ¥Co and *’Cs contamination detected between 45 and 95 ft in boreholes clustered
near the northeast side of tank C-108 probably represents the remnant of a plume that originated
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1.0 Introduction

1.1 Background

The U.S. Department of Energy (DOE) Richland Operations Office tasked the DOE Grand
Junction Office (GJO) with characterizing and establishing a baseline of man- ade radionuclide
concentrations in the vadose zone surrounding the single-shell tanks (SSTs) at the anford Site.
These tasks are being accomplished using spectral gamma-ray borehole geophysical logging
measurements made in the boreholes surrounding the tanks. The primary objective of this
project is to provide data on the tanks for use by DOE organizations. These d 1 may also be
used to develop an SST Closure Plan in compliance with the Resource Conservation and
Recovery Act and to prepare an Environmental Impact Statement for the Tank Waste
Remediation Systems program.

1.2 Scope of Project

The scope of this project is to locate and identify the gamma-ray-emitting radionuclides and
determine their concentrations in the vadose zone sediment by logging the monitoring boreholes
around the SST's with a Spectral Gamma Logging System (SGLS). Additional details regarding
the scope and general approach to this characterization program are included in the project
management plan (DOE 1997¢) and baseline monitoring plan (DOE 1995b). This project may
help to identify possible sources of any subsurface contamination encountered during the logging
and to determine the implications of the contamination for Tank Farm operations. The acqu :d
data will establish a contamination baseline that can be used for future data comparisons, for
tank-leak verifications, and to help develop contaminant flow-and-transport models.

1.3 Purpose of Tank Summary Data Report

A Tank Summary Data Report (TSDR) will be prepared for each SST to document the results of
the spectral gamma-ray logging in the boreholes around the tank. Each TSDR providesal :f
review and a summary of existing information about a specific tank and an assessment of the
implicatioo oftl s tral _ na- rloginfc ation, includi recommendat fut

data needs or immediate corrective action, whe appropriate. Appendix AofeachT R
presents logs of radionuclide concentrations versus depth for all boreholes around that specific
tank. A comprehensive Tank «m Report will be prepared for each tank farm after completion
of characterization logging of all boreholes in the subject farm.
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correlation of these data with the man-made contamination. Rerun sections in selected boreholes
are used to check the logging system for data acquisition repeatability.

The log plots show the concentrations of the individual radionuclides or the total ; ant
rate in counts per second in each borehole. Where appropriate, log plots show the statistical
uncertainties in the calculated concentrations at the 95-percent confidence level (+2 standard
deviations).

A combination plot for each borehole shows the individual natural and man-made radionuclide
concentrations, the total gamma log, and the Tank Farms gross gamma log. The total gamma log
is a plot of the total number of gamma rays detected during each spectrum measurement. The
combination plot provides information on the relative contributions of individual radionuclides
to the total gamma-ray count. The total gamma log also provides a means for comparing the
spectral data with the historical Tank Farms gross gamma log data.

Separate plots showing the results of shape factor analysis of some of the SGLS data are cluded
with each set of borehole plots. The values of CsSF1, CoSF1 (as applicable), SF2, the
radionuclide abundance expressed as counts per second, and applicable quality indicators are
shown on graphs on these plots. The general expected values for the CsSF1, CoSF1 (as
applicable), and SF2 parameters for radionuclides distributed uniformly in the formation or on
the outside of the casing are shown on the plots as vertical lines.

The Tank Farms gross gamma log data were collected with a nonspectral logging system
previously used by DOE contractors for leak-detection monitoring at the Hanford Tank Farms.
This system does not identify specific radionuclides, but its logs provide an important historical
record for the individ " boreholes and offer a basis for temporal comparison. Theg s; 1
logs shown on the plots in Appendix A are the latest data available.

Rerun sections in selected boreholes are used to check the logging system for data ac 1isition
repeatability and are provided as separate plots. Radionuclide concentrations shown on these
plots are calculated indepenc itly from the separate gamma-ray spectra provided by the original
and repeated logging runs.

The L« Data Report prov s b___.0le construction in  1ation, casing inf  1ation, I

system identification, and data acquisition parameters used for each log run. A log run is a set of
spatially sequential spectra that are recorded in the borehole with the same data acquisition
parameters. A single borehole may have several log runs, often occurring on different days
because of the length of time required to log the deeper boreholes. The Log Data Report also
contains analysis information, including analysis notes and log plot notes.
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present in the southern portion of the tank farm. Perched water may occur at the top of this unit.
A variably cemented pebble to cobble gravel with a sand matrix occurs stratigrahically below
the silt-rich layer. This gravel may contain mud interbeds that could cause per ed v er to form
if the mud is cemented or well enough developed (Lindsey 1993).

In the vicinity of the C Tank Farm, the uppermost aquifer occurs within the Ringold Lower Mud
Unit at a depth of approximately 245 ft (Lindsey 1993; PNNL 1997). This uppermost aquifer is
generally referred to as the unconfined aquifer, but includes locally confined to semi-confined
areas DOE 1993).

The Ringold Formation is underlain by the Columbia River Basalt Group, which includes
approximately 50 basalt flows. Sandwiched between the various basalt flows e sedimentary
interbeds, collectively called the Ellensberg Formation. The Ellensberg Formation consists of
mud, sand, and gravel deposited between volcanic eruptions. These sediments and porous flow
tops and bottoms form confined aquifers that extend across the Pasco Basin (PNNL 1997).

At the Hanford Site, recharge of the unconfined aquifer by precipitation is highly variable
depending on climate, vegetation, and soil texture. Recharge from precipitation is highest in
coarse-textured soils with little or no vegetation (PNNL 1997). Fayer and Walters (1995)
estimate that recharge to the unconfined aquifer in the area of the C Tank Farm is approximately
2 to 4 in. per year.

For more detailed information about the geology and hydrogeology below the C Tank Farm, the
reader is referred to the following documents: Price and Fecht (1976), Caggiano and
Goodwin (1991), Lindsey (1993), Lindsey (1995), and PNNL (1997).

3.1.3 Tank Contents

The C Tank Farm received a variety of waste types beginning in 1945. Initially, tanks C-101,
-102, -103, -104, -105, and -106 received metal waste, and tanks C-107, -108, -109, -110, -111,
and -112 received byproduct cake solution and waste solution from the first decontamination
waste cycle (referred to collectively as first-cycle waste). Tanks C-201, -202, -203, and -204
were used to settle waste to allow the supemnatant liquid to be sent to a crib (Brevick

al. 1994b). Over their operating life, the C Tank Farm tanks also received B-Plant
decontamination waste, U Plant waste, cladding wastes, PUREX Plant fission product waste,
waste water, and other waste types (Agnew 1997). A large amount of strontium from the
PUREX Plant fission product waste remains in tank C-106 and has caused a high heat load in the
tank (Brevick et al. 1994b).

The tanks in the C Tank Farm currently contain an estimated 1,976,000 gal of mixed wastes
(Hanlon 1997) consisting primarily of various cladding wastes, tributyl pho hate and vranium
recovery wastes, and sludge produced by in-tank scavenging (Agnew 1997). Detailed
descriptions of the waste streams are presented in Anderson (1990) and Agnew (1995 and 1997).
On the basis of information presented in Agnew (1997), some of the principal  ionuclides in
the tank wastes include ®Sr, '*¥'Cs, *Ce, *'Sm, ®°Pu, ***Pu, *'Pu, ®Ni, 'Y™Ba, '¥Eu, and "Eu.
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Dukelow (1974) reports that borehole 30-08-02, located halfway between tanks C-108 and
C-109, had a steady increase in radiation levels at a depth of 48 ft between October 1974 and
January 1975. However, there was no liquid-level decrease in tank C-108 or C-109 before or
during this period. The radiation increase was assumed to be the result of lateral migration of
existing contamination.

Jensen (1976) reports that a surface-level decrease of 0.5 in. occurred in tank C-108 in July 1976.
The decrease was evaluated as a slow surface response to salt-well pumping, which began in
early 1976. The pumping activity, performed through August 1976, was reported to have
removed essentially all the liquid contents of the tank. The surface-level decrease was
considered to be a settling of the solid waste in the tank as the liquid was removed.

Tank C-108 was declared inactive in late 1977. Intrusion prevention was completed by
December 1982. A level adjustrnent was made in February 1984 1o compensate for settling.
Because the interstitial liquid had been removed, no further stabilization action was required; the
tank was declared administratively stabilized in March 1984 (Brevick et al. 1994b).

The surface level of the waste in tank C-108 is monitored with a manual tape. The liquid waste
volume is determined by the manual tape surface-level gauge, and the solid waste volume is
determined by a sludge-level measurement device. There is no criterion for a surface-level
decrease. The surface level of the tank waste, measured from 1991 to 1994, indicates fluctuating
data with readings ranging between 18.25 and 20 in. (Brevick et al. 1994a). The tank is not
equipped with liquid observation instrumentation (Hanlon 1997). The monitoring boreholes
surrounding tank C-108 are the primary means of leak detection (Welty 1988).

Tank C-108 is categorized as sound with interim stabilization and intrusion prevention
completed. The tank is currently listed as containing noncomplexed waste that consists of
66,000 gal of sludge, with no interstitial liquid remaining (Hanlon 1997).

4.0 Boreholes in the Vicinity of Tank C-108

Eight vadose zone monitoring boreholes surround tank C-108. These boreholes are 30-08-02,
30-09-07, 30-08-03, 30-05-10, 30-07-02, 30-07-01, 30-11-05, and 30-08-12. Boreholes
30-08-02, 30-08-03, and 30-08-12 are associated with tank C-108. Boreholes 30-07-01 and
30-07-02 are associated with tank C-107. Boreholes 30-05-10, 30-09-07, and 30-11-05 are
associated with tanks C-105, -109, and -111, respectively. The locations of these boreholes are
shown in red on Figure 2.

All the boreholes, except borebole 30-08-03, are lined with 6-in.-inside-diameter steel casing.
Borehole 30-08-03 is lined with 8-in.-inside-diameter steel casing; a section of 12-in.-inside-
diameter steel casing surrounds the upper portion of the 8-in. casing.

The algorithms used for the calculation of the radionuclide concentrations from the SGLS data
incorporate a correction for the attenuation of the gamma-ray intensity by the borehole casing
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or perforated. The top of the casing, which is the zero depth reference for the SGLS, is assumed
to be flush with the ground surface. The total logging depth achieved by the SGLS was 99.0 ft.

The man-made radionuclides 7’Cs, ®Co, and **Eu were detected in this borehole. The *’Cs
contamination was detected continuously from the ground surface to 24.5 ft, including two
highly contaminated zones. A near-surface zone of high *’Cs contamination (30 to 600 pCi/g)
extends to a depth of 3 ft. Low levels of *’Cs contamination occur between 3.5 and 18.5 ft with
concentrations generally less than 1 pCi/g. A discrete subsurface zone of very high *'Cs
contamination (150 to 1,100 pCi/g) was detected from 20 to 22 ft. An isolated zone of weak
137Cs contamination (less than 0.5 pCi/g) was detected from 47 to 49 ft.

A zone of moderate to high ¥Co contamination was detected from 46.5 to 79.5 ft. The highest
“Co concentrations (about 7 to 10 pCi/g) were detected within the middle portion of this zone
between 58 and 62.5 ft. The ®Co contamination delineates an extensive contaminant plume
located at considerable depth below the shallow subsurface *’Cs contamination.

An isolated occurrence of *Eu was detected at a depth of 2.5 ft. A thin, nearly continuous zone
of "Eu contamination, with concentrations ranging from 1 to 24 pCi/g, was detected from 19.5
to 22.5 ft.

The “K concentration values increase at 37.5 ft and generally remain elevated to a depth of

72.5 fi. The “K concentrations become increasingly variable between S5 and 74.5 ft. The “K
concentration values increase again at© 5 ft and remain elevated to the bottom of the logged
interval. Although a drilling log was not available to support or contradict the KUT data, the
increase in the **K concentrations at 37.5 ft probably represents a change in lithology from
backfill material to the undisturbed gravel-dominated facies of the Hanford formation. The
variable “K concentrations between 55 and 74.5 ft may represent sand or silt interbeds w  n the
gravel-dominated facies. The increase in the “K concentration values at 74.5 ft may represent
the contact between the gravel- and sand-dominated facies of the Hanford formation.

It was not possible to identify any of the 609-keV peaks used to derive the ®*U concentrations
from 18 to 23.5 ft. In addition, it was not possible to identify any of the 1460- and 2614-keV

1 <« dtoderive the **K and ? mcentrations| v n )and 22 ft. The K

absent between 2C d 22 ft becaus iin  val was logged by the SGLS it 1

the dead time exceeded 50 percent. . __side this region, the 609-keV peaks were not identified
because high gamma-ray activity associated with the nearby *'Cs peak (661 keV) created an
elevated Compton continuum extending to the 609-keV region, causing the MDL to exceed the
measured **U concentration. Furthermore, it was not possible to identify most of the 61  keV
peaks in the lower region of the borehole between 57.5 and 65 ft. In this case, the high
gamma-ray activity associated with the nearby ¥Co peaks (1173 and 1333 keV) created an
elevated Compton continuum extending to the 609-keV region, causing the MDL to exceed the
measured **U cc  niration,

The SGLS total gamma-ray plot reflects the distribution of the *’Cs, “Co, and **Eu
contamination around this borehole and some variations of the naturally occurring radionuclides
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No further migration occurred from 1986 to 1989, but the intensity of the activity peak continued
to decrease to about one-ninth of the count rate measured in 1980. Based on decay-rate
calculations from the gross gamma log data, the decrease in the gross g na activity between
1984 and 1988 indicates that both '®Ru and '#Sb may have been present within the contaminant
plume during that time.

Plots of the spectrum shape factors as described in DOE (1997a) are included in Appendix A.
The 'Cs shape factor analysis results indicate that the ’Cs contamination detected between 1
and 4 ft occurs as a thin zone within the formation. The CsSF1 values indicate that the ¥Cs
contamination detected between 13 and 17 ft is distributed uniformly in the formation but
becomes increasingly remote to the borehole below 17 ft. The CsSF1 and SF2 values between
17 and 23 ft are indicative of a line-source remote from the borehole. The *Co shape factor
results indicate that the ®Co contamination detected between 50 and 80 ft is distributed
uniformly in the formation. The CoSF1 values along this interval are very close to the range
expected for a uniform contaminant distribution.

The near-surface zone of '*’Cs contamination may have resulted from a large surface il that
migrated down into the backfill surrounding the borehole. On the basis of historical gross
gamma log data, it appears that the spill occurred sometime between January 1982 and

June 1984.

The distinct zone of "*'Cs and "*Eu contamination detected between 19 and 23.5 ft may be the
result of a leak from the C-108-to-C-109 cascade line; however, no documentation was available
to indicate such a leak occurred. The discrete nature of the contaminant distribution suggests that
this borehole is located near the C-108-to-C-109 cascade line. As discussed in Section 3.2, the
cascade line became plugged in 1952. Consequently, the *’Cs and '*Eu contamination detected
may consist of residual waste contained within the cascade piping. The shape factor analysis
data indicate that this contamination is remote to the borehole, supporting the theory that it may
be isolated to the region along the inside of the cascade line.

The zone of slightly increased *’Cs between 13 and 17 ft suggest that contamination from the
C-108-to-C-109 cascade line may have migrated upward into this region of the vadose zone,
possibly during the time period that the cascade line was plugged. The sha factor analysis
results indicate that most of this contamination is uniformly distributed in the formation around
the borehole.

The zone of *'Cs contamination detected from 47 to 49 ft may have originated from a surface
spill or subsurface leak that migrated along the outside of the tank to the base of the tank footing,
where it then preferentially migrated both downward and laterally within one of the bas gravel
units below the tank farm excavation.

The significant zone of *Co contamination that underlies the base of the tank farm excavation
probi y originated from a leak from one of the tanks in the vicinity, including tank C-108. The
shape factor analysis indicates that the contamination is distributed uniformly within the
formation and is not confined to the vicinity of the casing. It is postulated that the ¥Co
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lithology from backfill material to the undisturbed gravel-dominated facies of the Hanford
formation. However, this increase could also mark the lower edge of the residual grout suspected
to remain in this borehole. The increase in the “K concentration values at 74 ft may repre. it
the contact between the grave  and sand-dominated facies of the Hanford formation.

It was not possible to identify most of the 609-keV peaks used to derive the 22U concentrations
between the ground surface and 3.5 ft. This occurred because high gamma-ray activity
associated with the nearby '¥Cs peak (661 ke V) created an elevated Compton continuum
extending to the 609-keV region, causing the MDL to exceed the measured ***U concentration.

The SGLS total gamma-ray plot reflects the distribution of '*’Cs contamination in the upper
region of the vadose zone, the Co contamination in the lower region, and the naturally
occurring radionuclides in the contaminant-free depth intervals. The count rate increases sharply
at about 40 ft, corresponding to the increase in the “°K concentration values at this depth. The
count rate gradually decreases from 115 ft to the bottom of the logged interval, corresponding
with decreases in the “’K and **U concentrations along this depth interval.

The historical gross gamma log data from 1982 to 1994 were reviewed. The most recent
historical gross gamma data are presented on the combination plot. The plot illustrates the o
surface '’Cs contamination shown on the SGLS plot. A review of the historical data indicates
that this contamination probably originated sometime between May 1982 and June 1984, and it
does not appear to have migrated nor decreased in intensity during the reporting period. A
slightly anomalous count rate occurs at a depth of 81 ft that may represent the ®Co contamination
detected by the SGLS within this region. This activity was evident at significani” ~~ ther count
rates and at a slightly shallower depth on the earliest recorded historical gross gz log (April
1982), indicating that some type of man-made contamination was present in this region of the
vadose zone at that time.

Summaries of the historical gross gamma log data from 82 to 1986 are presented in

Welty (1988). An activity peak was identified at a depth of 76 ft in early 1982. The peak
progressively decreased in intensity and slowly migrated downward to a depth of 81 ft by 1986.
The rate at which the gross gamma counts diminished between 1982 and 1986 suggests that other
short-lived |  iclides, such as '%Ru or "Sb, may havea 1 edthe¥Cocont na
detected by the SGLS at this depth, but have since decayed away. It was not possible to calculate
reliable decay rates from the gross gamma log data because of the high counting uncertainty of
the data.

Plots of the spectrum shape factors are included in Appendix A. Because the borehole casing
rises approximately 0.5 ft above a 2-ft-high berm, the shape factor data collected from the upper
2.5 ft of the logged interval will not be considered in determining the distribution of
contamination around this portion of the borehole casing. Below this interval, the "*’Cs shape
factor results suggest that the **’Cs contamination detected within the upper 3.5 ft of the backfill
n rial (between 2.5 and 6 ft below the top of the casing) is distributed uniformly in the
formation, Although the CsSF1 values within this zone are in excess of 20, the associated SF2
values are very close to those expected for a uniform distribution.
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concentration of *'Cs (92 pCi/g) was detected at the ground surface. However, as described in
Section 2.1, this is not an accurate concentration value because the source-to-detector geometry
at the top of the borehole casing differs from source-to-detector geometry used in the calibration.

The presence of *Co and **U was detected at the ground surface with apparent concentrations of
0.09 pCi/g and 9.52 pCi/g, respectively. However, these are probably not accurate concentration
values for reasons discussed previously. The gamma rays probably originated from an above-
ground source, such as nearby contaminated equipment or contamination that is localized to the
ground surface.

A single occurrence of '*’Eu was detected at a depth of 40.5 ft with a concentration of 0.28 pCi/g.

The "*’Cs concentrations measured between the ground surface and the bottom of the logged
interval are reduced by the attenuation of the 661-keV gamma-ray energies along the double-
cased interval of this borehole. Compared to “/K concentration values obtained from nearby
double-cased boreholes in the C Tank Farm, the radioassays for the “K concentration values may
be reduced as much as 40 percent along this interval. As a result, the profile of the *'Cs
concentration values detected by the SGLS is not representative of the actual contaminant
concentrations. In addition, potentially low ®Co and '*?Eu concentrations within the backfill
material may not have been detected by the SGLS because the ®Co and '*’Eu radioassays may
have been reduced below the detection limit along the double-cased interval.

As discussed previously, relatively lower “’/K concentration values were detected along the length
of the logged interval, corresponding with the double-cased interval of the borehole. The
presence of the 12-in. outer casing along this interval has attenuated the 1460-keV gamma ray,
resulting in “’K concentration values that are approximately 45 to 50 percent of the *K
concentration values obtained from adjacent single-cased properly corrected boreholes in the

C Tank Farm. Similarly, the 609-keV and 2614-keV gamma rays are attenuated by the double-
cased interval, resulting in reduced **U and *Th concentration values. Furthermore, many of
the 609-keV gamma-ray energies in this region were not detected by the SGLS because the 2*U
radioassays were reduced below the detection limit by casing attenuation.

Despite the attenuation effects from the doubl  1sed interval, the ¥K concent ion ues show

an increase at a depth of 37 ft and remain elevated to the bottom of the logged interval. Although
the drilling log was not detailed enough to either support or contradict the KUT data, the increase
in the “K concentrations at 37 ft probably represents a change in lithology from backfill material

to the undisturbed gravel-dominated facies of the Hanford formation.

The SGLS total gamma-ray plot reflects the presence of the man-made radionuclides in the near-
surface portion of the borehole and at the bottom of the logged interval. The increase in the
SGLS total count rate between 49 and 50 ft corresponds with the significant increase in the '*’Cs
concentration values detected by the SGLS and may indicate the top of the perforations in the
8-in. borehole casing or the bottom of the 12-in. surface casing.
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addition, the SF2 values generally support a remote contaminant distribution within this region of
the vadose zone.

The *’Cs contamination from the ground surface to 25 ft is probably the result of one or more
surface spills that migrated into the backfill material around the borehole, while the *'Cs
contamination detected between 25 and 35 ft was probably carried down during the dri  ng of
this borehole. The shape factor results support this interpretation.

The *’Cs contamination detected from 39 to 60 ft is probably the result of a subsurface leak. The
shape factor analysis results indicate that much of this contamination is distributed either
uniformly or remotely in the formation and is not confined to the vicinity of the borehole casing.
It is possible that the '*’Cs contamination from the leak source traveled down the outside of tank
C-108, spread horizontally along the base ol 1e tank, and then preferentially migrated both
downward and laterally through the native sediments below the tank farm excavation.

Most of the '»’Cs contamination below about 60 ft was probably carried down during the drilling
of this borehole or later migrated down the outside of the borehole casing.

4.7 Borehole 30-11-05

Borehole 30-11-05 is located approximately 10 ft from the northwest side of tank C-108. It was
given the Hanford Site designation 299-E27-105. This borchole was drilled in April 1975 to a
depth of 100 ft using 6-in. casing. A drilling log was not available for this bc 10le; however,
information presented in Chamness and Merz (1993) does not indicate that the borehole was
grouted or perforated. The top of the casing, which is the zero depth reference for the SGLS, is
approximately flush with the ground surface. The total logging depth achieved by the SGLS was
99.5 ft.

The man-made radionuclide "’Cs was detected in this borehole. The '’Cs con nination was
measured nearly continuously low concentrations from the ground surface to a depth of 4.5 ft.
Isolated occurrences of *’Cs contamination at concentrations slightly above the MDL were

detected from 11 to 12 ft and 47.5 to 54.5 ft. The highest concentration of '*'( ) was
g dsur” :; however "isisnotar 2l on !
because the source-to-detector geometry at the top of the borehol from the source-to-

detector geometry used during calibration.

The “K concentration values increase slightly at about 39 ft and become variable from 40 to 46 ft
and 60 to 65 ft. The “°K concentration values increase again at about 65 ft and remain elevated to
the bottom of the logged interval. Although a drilling log was not available to support or
contradict the KUT data, the increase in the *“’K concentrations at 39 ft probably represents a
change in lithology from backfill material to the undisturbed gravel-dominated ~ ies of 1
Hanford formation. The two zones of variable *’K concentrations may represent sand or silt
interbeds within the gravel-dominated facies. The increase in the “K concentration valu  at

65 ft may represent the contact between the gravel- and sand-dominated facies of the Hanford
formation. ‘
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from 6 to 30 ft. A deeper zone of continuous *’Cs contamination was also detected at low
concentrations from 47 to 72.5 ft. The maximum concentration of ¥'Cs (3.8 pCi/g) was detected
at a depth of 60 ft. Although a higher concentration of “’Cs (28.2 pCi/g) was . ected at the

our surface, this is not an accurate concentration measurement because the source-to-detector
geometry at the top of the borehole differs from the source-to-detector geometry used during
calibration.

The “K concentration values increase at 38 ft and become variable between 40 and 55 ft. 1

“K concentration values increase again at 70 ft and remain elevated to the bottom of the logged
interval. Although a drilling log was not available to support or contradict the KUT data, the
increase in the “/K concentrations at 38 ft probably represents a change in lithology from backfill
material to the undisturbed gravel-dominated facies of the Hanford formation. The variable ¥K
concentrations between 40 and 55 ft may represent sand or silt interbeds within the gravel-
dominated facies. The increase in the “K concentration values at 70 ft may :present the contact
between the gravel- and sand-dominated facies of the Hanford formation.

The SGLS total gamma-ray plot reflects the distribution of the '*'Cs contamination around the
upper and middle portions of this borehole and the variations in the *“K concentrations in the
contaminant-free depth intervals. The total count-rate increases at 37 and 71 ft correspond with
incre es in the *K concentration values at these depths.

The historical gross gamma log data from 1975 to 1994 were reviewed. The most recent
historical gross gamma data are presented on the combination plot. No zones of anomalous
gamma-ray activity were identified on any of the historical logs.

Summaries of the historical gross gamma log data from 1974 to 1987 included in Welty (1988)
do not identify any zones of anomalous gamma-ray activity.

Plots of the spectrum shape factors are included in Appendix A. The shape factors suggest that
the 1Y'Cs contamination detected between 9 and 32 ft is mainly localized to the borehole casing.
However, the shape factors indicate that the deeper ’Cs contamination is distributed uniformly
in the formation. The CsSF1 values between 57.5 and 60.5 ft are very close to the range
expected - _r a uniform distribution. __e higher CsSF1 valuesal reandbel this _t _ n
are typical of a thin contaminated layer located within the formation.

The near-surface zone of '¥'Cs contamination (0 to 5 ft) probably resulted from surface spills that
have migrated down into the backfill surrounding the borehole. The zone of increased * .
contamination at about 8 ft may represent surface contamination that has migrated along the
surface of the tank dome into this region of the vadose zone. The shape factor analysis results
indicate that most of the contamination detected below these zones (9 to 32 ft) is mainly
localized to the borehole casing. This suggests that the near-surface contamination adhered to
the borehole casing and was carried downward as the borehole was advanced, or the
contamination later migrated down along the outside of the borehole casing.

n¢  nction Office LdnK bul:l“lum)’ Data xepon ror Tank
vctober 1997 Page 29












oad zone of '*’Cs contamination that occurs from 47.5 to 72.5 ft in borehole 30-08-12 is
probably the remnant of a plume that originated from a subsurface source, such as a leak from
tank C-108 or C-111. The shape factor analysis results indicate that this contamination is
uniformly distributed in the formation and is not confined to the vicinity of the borehole .  ing.
The depth of the "*’Cs contamination correlates with the ¥Co contamination detected in nearby
boreholes 30-08-02 and 30-09-07 and may be related to the same contaminant source.

The comparison of the 1993 F™ ™ and 1997 SGLS d * :collected from borehole 30-05-10 shows
generally good repeatability of the '*'Cs distribution in the upper region of the borehole. The
shapes of the RLS and SGLS "'Cs profiles were very similar, suggesting that e '*'Cs
contamination in this borehole is not actively mobile and has remained fixed in the vadose zone
since 1993. The RLS and SGLS data illustrate the three zones of ®Co contamination that occur
in the upper region of the logged interval. Between 1993 and 1997, the ®Co concentrations have
decreased within each zone, indicating the apparent radioactive decay of the ®Co.

6.0 Conclusions

The characterization of the gamma-ray-emitting contamination in the vadose zone surrounding
tank C-108 was completed using the SGLS. The data obtained using the SGLS and the geologic
and historical information available from other sources do not identify any active leaks from tank
C-108. However, the data indicate that surface spills have occurred and that contaminant plumes
originating from subsurface leaks from other tanks exist in the vicinity of this tank. These
contaminant plumes may be related to activities associated with tank C-108 or other

nearby tanks.

7.0 Recommendations

Tank C-108 is currently listed as containing approximately 66,000 gal of sludge, with no
interstitial liquid remaining (Hanlon 1997). Continued monitoring of the boreholes surrounding
this tank is . nended to identify chang in the distribut 1 of the cont  nant plun
identified within the vadose zone. Because the lithology appears to play an importantr in the
radionuclide distribution beneath this tank, especially for ®Co, further lithologic characterization
is recommended by logging a few of the boreholes using a long counting time or a high
efficiency system. This system can properly define the individual natural radionuclide
concentrations, and, thus, better characterize site-specific geology.

The intervals in which anomalous historical gross gamma-ray activity occurred in boreholes
30-08-02 and 30-09-07 should be relogged using a long counting time. This work might identify
the remnants of other short-lived man-made radionuclides that may eccur.
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Appendix A
Spectral Gamma-Ray Logs for Borehc es
in the Vicinity of Tank C-108
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f ocrec-ers Log Data Report Page 3of 3
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_ Borehole 3 U - O 9 0 7 L« Event A

coincide with the SGLS data.

Plots of the spectrum shape factors are included. The plots are used as aninter,  ve tool to help
determine the radial distribution of man-made contaminants around the borehole.
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. Spectral Gamma-Ray Borehoie

o 3 O.. O 8.. 0 3 Log Event A

""" Analysis information

Analyst: E. Larsen

- Data Processing Reference :  MAC-VZCP. 1.7.9. Rev. 1 Analysis Date :  9/5/97
Al “ysis Notes ;

This borehole was logged by the SGLS in one log run. The pre- and post-survey field verification
spectra met the acceptance criteria established for the peak shape and detector efficiency, confirming
that the SGLS was operating within specifications. The energy calibration and peak-shape calibration
— from these spectra were used to establish the channel-to-energy parameters used in processing the
spectra acquired during the logging operation.

Casing correction factors for a 0.322-in.-thick steel casing were applied during analysis. The combined
----- casing thickness along the double-cased interval of the borehole is greater than 0.322 in.
Consequently, the calculated concentrations within this region are underestimated.

The man-made radionuclides Cs-137, Co-60, Eu-154, and U-235 were detected in this borehole. The
Cs-137 contamination was measured continuously fraom the ground surface to the bottom of the logger
interval (50 ft). The Co-60 and U-235 contamination was detected only at the ground surface. Asin
occurrence of Eu-154 was detected at 40.5 ft.
The 609-, 1480-, and 2614-keV gamma-ray energies have been attenuated along the double-cased
interval of the borehole, resulting in reduced U-238, K-40, and Th-232 concentration values,
respectively. As a result, approximately 60 percent of the 609-keV gamma-ray peaks in this region were
not detected by the SGLS because the U-238 activities were reduced below the detection limit by casing
attenuation.

Additional information and interpretations of log data are included in the main body of the Tank
Summary Data Report for tank C-108.

Log Plot Notes:
Separate log plots show the man-made and the naturaltv ~ceurring radionuclides. The natural
rac wclides can be used for lithology interpre ~ ons. 2 headings of the plots identify the specific
gamma rays used to calculate the concentrations.

Uncertainty bars on the plots show the statistical uncertainties for the measurements as 95-percent
confidence intervals. Open circles on the plots give the MDL. The MDL of a radionuclide represents the
lowest concentration at which positive identification of a gamma-ray peak is statistically defensible.

A combination plot includes the man-made and natural radionuclides, the total gamma derived from the

«ectral data, and the Tank Farms gross gamma log. The gross gamma plot displays the latest
available digital data. No attempt has been made to adjust the depths of the gross gamma logs to
coincide with the SGLS data.
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Man-Made Radionuclide Concentrations
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®Th (2614 keV)

30-05-10
Natural Gamma Logs

3y (609 keV)

K (1461 keV)
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Man-Made Radionuclide Concentrai ons

¥1Cs (662 keV)

(1eay) yid

QO

a

{ i { {
i ! ] : ¥ ! T ] T =
i i i | =
! ! | f ]
m | | ﬁ
||||| e ST R
| “ ! | =
. | i , { -]
j j | | f -
H
e =
- | W | | i * 3
S A i Al Riaash @ .
4 H i o
i M e S e e e e e e
i | ! ! ! | | ,
{ t i ! i | ; } !
m i | | | | i | f
i i i f } i i | | } | ! } } {
i { i } i 1 i I ' i {
= m A = 2 3 4 2 s 3 m

12

0(!
pCi/g

1

0.

1

MDL.


















30-07-01
Man-lsade Radionuclide Concentrations

¥7Cs (662 keV)
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30-CG.-01 Combination Plot
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Man-Made Radionuclide Concentratic 1s

¥7Cs (662 keV)
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