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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 Projects Office (GJPO) with characterizing and establishing a baseline of man-made
radioelement concentrations in the vadose zone surrounding the single-shell tanks (SSTs) at the
Hanford Site. These tasks are being accomplished with spectral gamma-ray borehole
geophysical logging measurements in boreholes surrounding the tanks. The primary objective of
this project is to provide data on the tanks for use by DOE Waste Tank Operations. These data
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 measure the gamma-ray-emitting radionuclide
concentrations in the vadose zone sediment by logging the monitoring boreholes around the SSTs
with a Spectral Gamma Logging System (SGLS). This project may help to identify possible
sources of any subsurface contamination encountered during the logging and determine the
implications of the contamination for Tank Farm operations. The acquired 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 boreholes around each tank. Each TSDR provides a brief
review and summary of existing information about the specific tank and an assessment of the
implications of the spectral gamma-ray log information, including recommendations on future
data needs or immediate corrective action, where appropriate. Appendix A of each TSDR
presents logs of radioelement concentrations versus depth for all boreholes around a specific
tank. A comprehensive Tank Farm Report will be prepared for each tank farm after completion
of characterization logging of all boreholes in the subject farm.

2.0 Spectral Gamma-Ray Log Measurements

2.1 Data Acquisition and Processing

Spectral gamma-ray logging is the process of collecting gamma-ray spectra at sequential depths
in a borehole. Figure 1 shows a gamma-ray spectrum with peaks at energies from about 0 to
2600 kilo-electron-volts (keV) that are characteristic of specific radionuclides. The spectrum
includes peaks from naturally occurring radionuclides (K, ***U, and ***Th) and from man-made
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contaminants (e.g., '’Cs and ®Co). Analysts can use calibrated instruments and gamma-ray
spectra measured in a borehole to calculate the concentrations of individual gamma-emitting
radionuclides in the sediment surrounding the borehole. Gamma-ray source concentrations are
cited in terms of picocuries per gram (pCi/g), even though this unit technically describes decay
rate per unit mass of sample rather than concentration. The use of decay rate per unit mass is
widespread in environmental work, where health and safety issues relate to the radioactivity, not
the chemical concentration.
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Figure 1. Gamma-Ray Spectrum Showing Peaks From *’Cs and “Co
Contamination and From the Naturally Occurring Radionuclides “K,
23BU’ and 232’I'h

Data are acquired in boreholes near the tanks according to methods described in the High-
Resolution Passive Spectral Gamma-Ray Procedures (DOE 1995b). Typical counting times at
each position in the borehole are about 100 seconds (s), with a spectrum being collected every
0.5 foot (ft) along the length of the borehole.

Vertical profiles or gamma-ray logs, as shown in Appendix A, typically present calculated
radionuclide concentrations. These logs also show the statistical uncertainties in the
concentrations as 95-percent confidence intervals (+2 standard deviations). The plotted
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uncertainties are from both the calibration of the logging tool and the statistical fluctuations in
the logging data.

Long data acquisition times can reduce the uncertainties in the calculated concentrations
presented on the logs. However, economic and time constraints limit the amount of time for data
collection. The statistical uncertainty for measuring low-intensity gamma rays emitted from
radionuclides such as ***U and **?Th can be high for this counting time, and the logs for these
radionuclides will show high levels of statistical uncertainty, as evidenced on the logs by scatter
in the plotted data and wide confidence intervals.

The minimum detection level (MDL) of a radionuclide represents the lowest concentration at
which the positive identification of a gamma-ray peak is statistically defensible. The spectrum
analysis program calculates the MDL using statistical analyses of the background near a peak.
The same equations that translate peak intensities into decay rates per unit-sampie mass also
translate the MDLs from counts per second (cps) to picocuries per gram.

A logging tool calibration report (DOE 1995a) contains the results obtained from operating the
logging tools in calibration models. The calibration report presents the efficiency functions used
to convert the measured peak count rates to radioelement concentration in picocuries per gram.
The concentrations derived with the conversion may be up to 14 percent higher than the in situ
concentrations, because the concentrations of the calibration standards are expressed in terms of
gamma-ray source per unit-sample mass of dry bulk material; however, the materials subjected to
borehole measurements in the calibration models (DOE 1995a) and the vadose zone contain
water. Corrections for the water in the pore spaces cannot presently be applied to the vadose
zone measurements, because the in situ water content is not being measured.

The calibration data from which the conversion to concentrations was derived were recorded
with a logging tool in a borehole through a uniform source distribution. If the gamma-ray
sources are not uniformly distributed in the logged formations, then the conversion produces
apparent concentrations. The concentrations calculated for the top and bottom of a borehole are
also apparent concentrations, because the source-to-detector geometry at these locations differs
from that during calibration.

The calibration data were collected from dry, uncased boreholes. When cased or water-filled
boreholes are logged, corrections to the peak count rates are applied to compensate for gamma-
ray attenuation by the casing or water. These corrections are described in the calibration report
(DOE 1995a), and the Data Analysis Manual (DOE 1996) describes their application in the data
processing.

2.2 Log Data and Plots

Log data in Appendix A are grouped into a set of data for each borehole. Each set includes a Log
Data Report and log plots showing radionuclide concentration versus depth.
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The Log Data Report provides borehole construction information, casing information, data
identifying the logging system, 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, ofien 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.

The log plots show the concentrations of the individual radionuclides in each borehole. Where
appropriate, log plots show the 95-percent confidence intervals and the MDL values.

Separate log plots with a large vertical depth scale clearly show the spatial distribution of the
detected man-made radionuclides. A plot of the natural gamma-emitting radionuclides allows
the correlation of these data with other geologic data.

A combination plot for each borehole shows most of the individual 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 at each spectrum recording depth. The combination plot
shows the contributions of individual isotopes to the total gamma rays, and it provides a means
for comparing the spectral data with the Tank Farms gross gamma log.

The Tank Farms gross gamma log data are from a nonspectral logging system previously used by
DOE contractors for leak-detection monitoring at the Hanford Tank Farms. This system could
not identify specific radionuclides, but its logs provide an important historical record for the
individual boreholes and offer a basis for comparison. The gross gamma logs shown on the plots
in Appendix A are the latest data available from the Tank Farms database.

3.0 Review of Tank History
3.1 BY Tank Farm

The BY Tank Farm is a second-generation tank farm constructed at the Hanford Site to store
high-level radioactive waste generated from chemical processing of irradiated uranium fuel.
Located in the north-central part of the 200 East Area, north of B Plant, the BY Tank Farm was
constructed in 1948 and 1949 by the Hanford operations contractor, General Electric Company.
The BY Tank Farm consists of twelve 758,000-gallon (gal) underground waste storage tanks.
Figure 2 shows the relative positions of these tanks and the boreholes around them.

The tanks in the BY Tank Farm are a modified B Farm design and are a second-generation
design or Type I1I tank. They are domed tanks 75 ft in diameter, with a maximum operational
height (maximum waste level) of about 23 ft above the tank bottom. The tops of the tanks are
covered with about 8 ft of overburden material, and the bottoms of the tanks are dished. The
tanks have a steel-reinforced concrete shell that is 1 ft thick and a mild-steel inner liner that
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Figure 2. Plan View of Tanks and Boreholes in BY Tank Farm



covers the bottom and sides of the shell. The steel liner on the tank sides extends about 1 ft
above the cascade-line connections.

The BY tanks are sited at slightly different elevations, creating a gradient that allows fluids to
flow from one tank to another as they are filled. The tanks are arranged in four cascades, each
consisting of a three-tank cascade series with the receiving tank 1 ft lower than the feed tank.
The cascade inlet and overflow connections to the tank are approximately 23 ft above the tank
bottom, approximately 22 ft below ground surface. The inlet and overflow line connections are
sleeved and welded to the steel tank liner. The domes of the BY Tank Farm tanks were modified
from previous designs to accommodate additional tank risers, which allowed more uniform
access to the tank interior. The BY Tank Farm tanks are connected to the end tanks of the BX
Tank Farm in the following configurations: tank BX-103 to tank BY-101; tank BX-106 to tank
BY-104; tank BX-109 to tank BY-107; and tank BX-112 to tank BY-110 (Brevick et al. 1994).

The wastes in the BY Tank Farm tanks consist mainly of sludge, salt cake, and liquid. Sludge is
composed of solid (hydrous metal oxides) precipitate that results from the neutralization of acid
waste. The wastes were neutralized before being transferred to the tanks. Salt cake is composed
of the salts formed by the evaporation of water from the waste. Sludge and salt cake form the
“solids” component of the tank waste. Liquids are present as supernatant and interstitial liquids.
Supernatant liquid floats on the waste surface, while interstitial liquid fills the interstitial spaces
within the waste. Interstitial liquid may be drainable if it is not held in the void spaces by
capillary forces.

The tanks in the BY Tank Farm were filled with several types of wastes: metal waste, first-
cycle decontamination waste, tributyl phosphate (TBP) waste, and evaporator feed and bottoms
waste. Metal waste consisted of waste from the extraction of plutontum and contained all the
uranium, 90 percent of the fission products, and approximately 1 percent of the plutonium.
First-cycle decontamination waste consisted of by-product cake and solutions that contained
about 10 percent of the original fission products and 1 percent of the plutonium. The first-cycle
waste contained a mixture of suspended solids, hydroxides, carbonates, phosphates, scavenger
metals, and other metals. TBP waste was produced from the process that used TBP solvent to
recover uranium from metal waste. Evaporator waste was contained in the BY Tank Farm tanks
in two basic forms: evaporator feed-staging waste and evaporator bottoms waste. Evaporator
feed-staging waste was the input material to be concentrated by evaporation, while evaporator
bottoms waste was the resultant solids following liquid evaporation.

The BY Tank Farm was initially operated as a backup to the BX Tank Farm. Tanks BY-101
through BY-105 received B Plant metal wastes in cascade after the BX Tank Farm tanks were
filled. Tanks BY-106 through BY-110 received B Plant first cycle and TBP waste, while tanks
BY-111 and BY-112 provided temporary storage of metal waste. A series of aggressive
evaporation campaigns used several BY tanks for feed staging and evaporator bottoms receiving.
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Several tanks in the BY Tank Farm were used for waste receiving during the In-Tank-
Solidification (ITS) program. The ITS program was developed to reduce waste volume by
evaporating (hence, concentrating) waste inside certain tanks. The ITS program consisted of two
stages (ITS-1 and ITS-2) and was in operation from March 1945 until June 1974.

Interstitial liquids are removed from a tank by the process of saltwell pumping. A saltwell
consists of a screened cylinder that is installed within the tank waste. The saltwell contains a
pump, and piping and is connected to surface tank-farm facilities for transferring the pumped
liquids. A large amount of salt cake was produced in the evaporation process during the ITS
program, salt cake pumping was performed on all tanks in the BY Tank Farm to reduce the
volume of liquid waste in the tanks.

Five tanks (BY-103, -105, -106, -107, and -108) are categorized as leakers, eight tanks
(BY-101, -102, -104, -107, -108, -110, -111, and -112) are interim stabilized, and nine tanks
(BY-103, -104, -105, -106, -107, -108, -110, -111, and -112) are listed on the ferrocyanide
watch list (Hanlon 1996). By Hanford Site definition, interim stabilized tanks contain less than
50,000 gal of drainable interstitial liquid and less than 5,000 gal of supernatant liquid. A tank
is considered interim stabilized when liquid is removed from the tank, thereby reducing the
mobility of the radiological contaminants. Tanks listed on the ferrocyanide watch list contain
ferrocyanide-scavenging waste that resulted from efforts to recover ¥’Cs from waste during the
middle to late 1950s; these tanks have special safety requirements because of the potential for
chemical reactivity of the waste contained in the tanks. Each tank listed on the ferrocyanide
watch list contains at least 1,000 gram-moles of ferrocyanide. Some of the principal
radionuclides in the BY tanks include ’Cs, *Cs, ®Co, ®Sr, ¥Sb, '*®Ru, “Ce, *Zn, and
3%Eu (Brevick et al. 1994).

Excavation for the BY Tank Farm occurred in sediments of the Hanford formation. Tlrese
sediments consist of gravels, sands, and silts deposited by cataclysmic flooding of glacial runoff
during the Pleistocene epoch. The Hanford formation sediments display high variability in grain
size, sorting, and distribution over short vertical and lateral extents. These sediments extend to a
depth of about 260 ft in the vicinity of the BY Tank Farm (Caggiano and Goodwin 1991). The
excavated Hanford sediments were used as backfill around the completed tanks. The water table
is about 247 ft below the BY Tank Farm. Price and Fecht (1976) first described the lithology
beneath the BY Tank Farm. Caggiano and Goodwin (1991) reviewed historical data and current
lithologic data from newly drilled groundwater monitoring wells and prepared geologic cross
sections of the data.

3.2 Tank BY-108

Tank BY-108 was constructed during 1948 and 1949 and was placed into operation in 1951,
when the tank received wastes from tank BY-107 cascade overflow. Waste was transferred into
tank BY-108 via the cascade lines through the second quarter of 1953. The tank has contained
U Plant waste, sludge from the ferrocyanide scavenging process, ion exchange waste, and
evaporator bottoms waste from the ITS program.
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Tank BY-108 was categorized as an “assumed leaker” in 1972, was interim stabilized in 1985,
and has had intrusion prevention completed. The reasons for categorizing the tank as an assumed
leaker are not documented. The tank contains 228,000 gal of waste, which consists of sludge
(154,000 gal), salt cake (74,000 gal) and interstitial liquid (9,000 gal). The drainable interstitial
liquids within the waste are not pumpable (Hanlon 1996). The current waste level is about 7.5 f
from the bottom of the tank, or about 40 ft below the ground surface. This tank was placed on
the ferrocyanide watch list in 1991.

Occurrence Report (OR) 76-142 (Jensen 1976) was issued in October 1976 as a result of a
3.5-inch (in.) liquid-level increase in tank BY-108. Photographs indicate the rod plummet used
to measure the surface level had become entangled with an old discarded measuring tape. The
measuring tape was removed, and a new “doughnut” plummet with a larger surface area replaced
the rod piumrmet. The surface-level depth was adjusted for the new measurement readings and
no further action was required.

In 1980, OR 80-5 (Carter 1980) was issued as a result of liquid-level measurements exceeding
the increase criterion of 1 in. from the established baseline. The apparent liquid intrusion was
attributed to snowmelt that had flowed through excavations around the tank into the tank’s pump
pit and directly into the tank via the pit drain. An estimated 2,600 gal of snowmelt entered the
tank during the intrusion.

The estimated leak volume from tank BY-108 is less than 5,000 gal. A review of available
records did not provide the basis for this estimate, which was apparently calculated in 1983
(Hanlon 1996).

4.0 Boreholes in the Vicinity of Tank BY-108

Seven boreholes (22-08-01, 22-08-02, 22-08-05, 22-08-06, 22-08-07, 22-08-09, and 22-08-12)
are located around tank BY-108. The following sections present results of the spectral gamma-
ray log data collected from these boreholes, and Appendix A contains the plots of the log data.

4,1 Borehole 22-08-01

Borehole 22-08-01 is located approximately 6 ft from the northeast side of tank BY-108. The
total depth (TD) achieved through logging operations was 99 ft.

This borehole was drilled in 1970 and completed with 1/4 (0.25)-in.-thick, 6-in.-nominal-
diameter steel casing to a depth of 100 ft. No information is available that suggests this borehole
has been perforated or grouted between the casing and formation.

A review of gross-gamma log data collected from this borehole from 1972 to 1994 shows
elevated gamma activity from about 22 to 90 ft in depth. The maximum peak count rate was at
approximately 57 ft and measured about 21,000 cps in 1972. The count rate at 57 ft steadily
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decreased to just more than 100 cps in 1994, The earliest available digital data for this borehole
(1982) are plotted with the 1994 data on the combination plot in Appendix A. The apparent
migration of the count rate peaks to lower depths between 1982 and 1994 are probably the result
of improper depth initialization procedures rather than actual downward movement of gamma-
ray emitting radionuclides. The gross-gamma log data show count rates decreasing with time
that is probably the result of the decay of *“Co, which has a relatively short half-life of 5.3 years.

137Cs and ®Co were the man-made contaminants identified in this borehole. The presence of
137Cs is shown almost continuously from the ground surface to about 36 ft, at a few locations
below 36 ft, and near the bottom of the borehole. Concentrations of '*’Cs were measured at less
than about 3 pCi/g, except near the ground surface where a maximum concentration of about
1,500 pCi/g was measured at 1 ft. Because high count rates resulted in excessive dead times in
the instrument detection system, concentrations could not be determined between 1 and 4 fi.

Concentrations of ®“Co were measured continuousty from about 28 ft to TD, except for an
interval from 42 to 44 ft. The concentrations were measured at about 10 pCi/g or less with a
maximum concentration of about 20 pCi/g at 55.5 ft. The depths where peak concentrations of

%Co occur correspond with the depths where the historical gross gamma-ray log indicated peak
count rates.

A notable lithology change that occurs below the backfilled sediment is evident on the K log at

about 48 ft in depth. The increased “°K concentration may be indicating sediments of enhanced
silt content.

The origin of the *’Cs contamination measured from the surface to about 35 ft is near-surface
contamination that has migrated downward. The intermittent occurrences of *’Cs near and at the

bottom of the borehole are probably the result of downward migration of contamination inside or
along the outside of the casing.

The extensive *Co contamination from 28 ft to TD may be unrelated to the source of *’Cs
contamination. Subsurface leaks of **Co contamination appear to have occurred at about 28 and
45 ft and are within the depth range of historical waste levels of the tank. The contamination
apparently migrated downward to TD through the sediments. On the basis of comparison of the
profiles of the 1982 and 1994 historical gross gamma log profiles and the current SGLS data,
Co contamination has not migrated downward significantly since its original deposition.

However, the borehole possibly does not completely penetrate the full vertical extent of the
contamination.

4.2 Borehole 22-08-02

Borehole 22-08-02 is located approximately 8 ft from the northeast side of tank BY-108. The
TD achieved through logging operations was 103 ft.

This borehole was drilled in 1973 and completed with 1/4-in.-thick, 6-in.-nominal-diameter steel
casing to a depth of 100 ft. The discrepancy between the casing depth and the logging depth is
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probably a result of casing being added to allow for a 4-ft-high berm that was placed around the
borehole. No information is available that suggests this borehole has been perforated or grouted
between the casing and formation.

A review of gross-gamma log data collected from this borehole from 1972 to 1994 indicates
elevated gamma activity at about 24 ft in 1973. In 1974, a new peak (apparently higher in count
rate than the peak observed in 1973) was recorded at about 56 ft in depth. This peak had a four-
fold increase (820 to 3,230 cps) in count rate within 6 months. In 1977, Welty (1988) reported
peaks of varying intensity occurring within an interval from 40 to 95 ft. The maximum count
rate has decreased in intensity with time and has been measured at a lower depth (ranging from
57 to 77 ft) in each successive year. The earliest available digital data for this borehole (1982)
are plotted with the 1994 data on the combination plot in Appendix A. The apparent migration
of the count rate peaks to lower depths between 1982 and 1994 is probably the result of
improper depth initialization procedures rather than actual downward movement of gamma-ray
emitting radionuclides. The gross-gamma log data show count rates decreasing with time that is
probably the result of the decay of ®°Co, which has a relatively short half-life of 5.3 years.

137Cs and **Co were the man-made contaminants identified in this borehole. The presence of
131Cs was measured almost continuously from 4 to about 50 ft, at a few locations below 50 ft, and
near the bottom of the borehole. Concentrations of '*’Cs were measured at levels below

10 pCi/g, except near the ground surface where concentrations are likely in excess of

1,000 pCi/g. Log data were not collected from 0 to 4.5 ft. Logging engineers determined the
high count rates at this depth were caused by the presence of a transfer line that was being used to
pump liquid from tank BY-103. The transfer line traverses the area within a few feet of the
borehole. Concentrations of *Co were measured almost continuously from about 50 ft to TD.
Concentrations of ®Co ranged from about 0.1 to 20 pCi/g with the maximum concentration of
about 20 pCi/g occurring at 77 and 83 ft.

Notable lithology changes are evident on the *°K log near the base of the tank excavation from
about 52 to 56 ft and at about 62 ft in depth. The increased K concentrations may be indicating
sediments of enhanced silt content. '

The origin of the *’Cs contamination measured to about 18 ft is near-surface contamination that
has migrated downward. The increase in #’Cs concentrations at about 26 ft corresponds with an
increase in a historical gross gamma peak measured in 1973 at this depth, suggesting a possible
leak near the top of the tank liner. It also correlates with the peak in the 1982 gross gamma log.
The radionuclide(s) that caused the historical gross gamma peak has apparently decayed. This
rapid decay suggests the presence of a radionuclide with a shorter half-life than ®Co. The
intermittent occurrences of '*’Cs below 50 ft and at the bottom of the borehole are probably the
result of downward migration of contamination inside or along the outside of the casing.

The extensive ®Co contamination from 50 ft to TD may be unrelated to the source(s) of '*’Cs
contamination. Subsurface leaks of “Co contamination appear to have occurred in 1974 at about
50 ft, just below the bottom of the tank. The contamination apparently was deposited in the
sediment to TD, and the borehole possibly does not completely penetrate the full vertical extent
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of the contamination. On the basis of comparison of the profiles of the 1982 and 1994 historical
gross gamma log profiles and the current SGLS data, ®Co contamination has not migrated
significantly downward since its original deposition. The basic shape of the profile has remained
the same, while the activity has decreased. However, a review of pre-1982 historical data
indicates that the contamination (as measured at the depths where the maximum peak count rate
occurred) has migrated downward about 10 ft farther than the original deposition.

4.3 Borehole 22-08-05

Borehole 22-08-05 is located approximately 6 ft from the southeast side of tank BY-108. The
TD achieved through logging operations was 98 fi.

This borehole was drilled in 1970 and completed with 1/4 (0.25)-in.-thick, 6-in.-nominal-
diameter steel casing to a depth of 100 ft. No information is available that suggests this borehole
has been perforated or grouted between the casing and formation,

A review of gross-gamma log data collected from this borehole from 1972 to 1994 shows
elevated gamma activity from about 42 to 66 ft in 1972, with a count-rate peak at 50 ft. The
maximum count-rate peak was measured at lower count rates and lower depths in successive
years. The earliest available digital data for this borehole (1982) are plotted with the 1994 data
on the combination plot in Appendix A. The apparent migration of the count rate peaks to lower
depths between 1982 and 1994 is probably the result of improper depth initialization procedures
rather than actual downward movement of gamma-ray emitting radionuclides. The gross-gamma
log data show count rates decreasing with time that are probably the result of the decay of ®Co,
which has a relatively short half-life of 5.3 years.

1¥7Cs and ®Co were the man-made contaminants detected in this borehole. Concentrations of
BCs were measured continuously from the surface to about 34 ft, intermittently from 34 to 96 ft,
and at the bottom of the borehole. The concentrations were less than about 2 pCi/g, except from
the ground surface to about 4 ft. The presence of ®*Co was measured almost continuously from
about 40 to 80.5 ft with concentrations ranging from 0.1 to 3 pCi/g, and at the bottom of the
borehole with similar concentrations. *’Cs and ®Co concentrations were associated at about 43
and 50 ft in depth.

A notable lithology change is evident on the /K log at about 55 ft in depth. The increased “K
concentrations may indicate sediments of enhanced silt content.

The origin of the *’Cs contamination to about 34 ft is near-surface contamination that has
migrated downward. Occurrences of *’Cs below 50 ft in depth are probably the result of
contamination inside the casing or migration along a preferred pathway downward on the outside
of the casing.

The extensive ®*Co contamination from 40 to 80 ft may be related to the source of *’Cs
contamination that occurs at about 43 ft. Subsurface leaks of ®*Co contamination appear to have
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occurred at about 40 ft, which is within the historical waste level of the tank. The contamination
apparently migrated downward through the sediments.

4.4 Borehole 22-08-06

Borehole 22-08-06 is located approximately 9 ft from the south side of tank BY-108. The TD
achieved through logging operations was 99 ft.

This borehole was drilled in 1973 and completed with 5/16 (0.3125)-in.-thick, 6-in.-nominal-
diameter steel casing to a depth of 100.25 ft. No information is available that suggests this
borehole has been perforated or grouted between the casing and formation.

A review of gross-gamma log data collected from this borehole from 1973 to 1994 shows
elevated gamma activity from about 55 to 80 ft in depth. Records available prior to 1982 (tabular
data that indicate the depth of the maximum peak count rate in the borehole) do not show the
peak at about 23 ft exhibited in the 1982 digital log data. The maximum peak count rate,
excluding the peak at 23 ft, was identified at lower count rates through time and was generally at
about 68 ft in depth. The earliest available digital data for this borehole (1982) are plotted with
the 1994 data on the combination plot in Appendix A. The apparent migration of the count rate
peaks to lower depths between 1982 and 1994 is probably the result of improper depth
initialization procedures rather than actual downward movement of gamma-ray emitting
radionuclides. The gross-gamma log data show count rates below 50 ft decreasing with time that
is probably the result of the decay of Co, which has a relatively short half-life of 5.3 years.

137Cs and ®Co were the man-made contaminants detected in this borehole. Concentrations of
137Cs were measured continuously from the surface to about 40 ft and intermittently to TD. The
maximum '*’Cs concentration was measured at about 100 pCi/g at 4 ft in depth. The presence of
Co was measured almost continuously from about 63 to 92 ft and at a few discontinuous
locations. The ®Co concentrations ranged from about 0.1 to 3 pCi/g.

A zone of high count rates indicated by the SGLS total gamma log at about 23 ft may be caused
by *Sr in addition to the *’Cs contamination. Enhanced low-energy counts are present in the
spectra near this depth, and these enhanced count rates may be due to the effect of
bremsstrahlung radiation from **Sr. Alternatively, the "*’Cs at this depth might be more
concentrated away from the borehole, leading to increased scatter of the gamma rays to lower
energies.

A notable lithology change is evident on the “’K log near the base of the tank excavation at 52 ft
in depth. The increased “K concentrations may indicate sediments of enhanced silt content.

The origin of the *’Cs contamination to about 23 ft is near-surface contamination that has
migrated downward. A subsurface source of contamination may have originated at 23 ft, which
is near the top of the tank liner and cascade lines. *Sr contamination, in addition to **’Cs
contamination, appears to have intersected the borehole at this depth, although the cause of the
increased low-energy gamma rays may be from a remote *’Cs source. Occurrences of **’Cs
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contamination below 50 ft in depth are probably the result of contamination inside the casing or
migration along a preferred pathway downward on the outside of the casing.

The ®Co contamination from 64 to 92 ft may have originated near the tank bottom, where
some residual contamination is apparent at about 50 ft. The contamination apparently migrated
downward through the sediments. On the basis of comparison of the profiles of the 1982 and
1994 historical gross gamma log profiles, which show decay of a radionuclide with a relatively
short half-life at this depth range, and the current SGLS data, ®Co is the primary subsurface
contaminant identified in this borehole. Historical gross gamma logs do not indicate
significant downward migration of the contaminant since 1982. Small amounts of ®Co
contamination occur in the top 10 ft of the borehole and originated from the same near-surface
spill as the *’Cs contamination at that depth.

4.5 Borehole 22-08-07

Borehole 22-08-07 is located approximately 23 ft from the southwest side of tank BY-108. The
TD achieved through logging operations was 131.5 ft.

This borehole was drilled in 1949 and apparently completed with 3/8 (0.375)-in.-thick, 8-in.-
nominal-diameter steel casing to a depth of 150 ft. The depth achieved through logging
operations was 131.5 ft. Drilling logs show that the casing was perforated from 49 to 100 ft with
5 holes per foot, but the casing may be perforated from 40 to 100 ft. The reason for the
perforations is not known.

A review of gross-gamma log data collected from this borehole from 1972 to 1991 shows
elevated gamma activity in 1975 that decreased in count rate from 1975 to 1978 at about 82 ft in
depth. The earliest available digital data for this borehole (1982) are plotted with the 1991 data
on the combination plot in Appendix A. The data do not show count rates decreasing with time
or any indication of contamination at 82 ft, as indicated by gross gamma logs prior to 1978.

13¢5 and %°Co were the man-made contaminants detected in this borehole. Intermittent
concentrations of *’Cs were measured pear the surface to about 26 ft, almost continuously
from 40 to 100 ft, and at the bottom of the borehole. Because '¥’Cs was detected at 40 ft and
because other BY Farm boreholes had casing perforations from 40 to 100 ft, the casing
perforations may begin at 40 ft rather than at 49 ft as stated in the driller’s record. The highest
measured concentrations, except the near-surface, were about 10 pCi/g and occur in the zone
of perforations. Contamination at the bottom of the borehole is probably inside the casing.

89Co was detected at about 84 ft and from 95 to 98 ft. The ®Co at 84 ft corresponds with the
historical record that shows increased gamma count rates near this depth in the mid-1970s.
This contamination has probably decayed or migrated downward. ®Co and "*’Cs
contamination from 95 to 98 ft is reflected in the gross gamma logs from 1982 and 1991 and in
the SGLS total gamma log.
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The origin of the '¥’Cs contamination to about 26 ft is near-surface contamination that has
migrated downward. The source of the '*’Cs in the perforated interval is unknown, as no
significant contamination is apparent at this depth in other nearby BY Farm boreholes.

4.6 Borehole 22-08-09

Borehole 22-08-09 is located approximately 7 ft from the west side of tank BY-108. The TD
achieved through logging operations was 99 ft.

This borehole was drilled in 1970 and completed with 5/16 (0.3125)-in.-thick, 6-in.-nominal-
diameter steel casing to a depth of 100 ft. No information 1s available that suggests this
borehole has been perforated or grouted between the casing and formation.

A review of gross-garnma log data collected from this borehole from 1972 to 1994 shows
elevated gamma activity, first noticed in 1974, increased from 75 cps in 1974 to 96 cps in 1975
and steadily decreased to 37 cps in 1981. The peak count rate during this period was at a depth
of about 77 ft. The earliest available digital data for this borehole (1982) are plotted with the
1994 data on the combination plot in Appendix A. The data do not show count rates decreasing
with time or any indication of contamination at 77 ft as indicated by gross gamma logs prior to
1981. Decreasing count rates would suggest the existence of **Co or other short-life contaminant
as detected in other boreholes in the vicinity of tank BY-108.

¥1Cs was the only man-made contaminant positively identified in this borehole.
Concentrations of '*’Cs were measured continuously near the surface to about 19 ft and
intermittently to the bottom of the borehole. A significant interval of *’Cs contamination
measuring about 600 pCi/g occurred from about 1 to 6 ft in depth. Concentrations in the
remainder of the borehole were about 3 pCi/g or less. Contamination originated from the
near-surface and migrated down the inside or the outside of the casing.

The enhanced count rate in the total gamma log at about 79 ft corresponds approximately with
the depth of elevated gross gamma activity observed in log data acquired prior to 1982; recent
gross gamma log data do not show this elevated count rate. ’Np and "**Eu photon peaks were
detected in the spectrum recorded at 79 ft, but the calculated concentrations were less than the
MDLs at 1.1 and 1.3 pCi/g, respectively. Therefore, positive identification of these
radionuclides is not statistically defensible and longer counting times will be required to
positively identify and quantify the radionuclides. These radionuclides are the cause of the
elevated total gamma count rate at 79 ft.

Below about 61 ft, the “K concentration increases, suggesting sediments with increased silt
content.

The origin of the *’Cs contamination is near-surface contamination that has migrated down the
inside and/or the outside of the casing. No subsurface source of *’Cs contamination exists in
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the vicinity of this borehole. The source of the apparent *’Np and "**Eu contamination at 79 ft
is unknown.

4.7 Borehole 22-08-12

Borehole 22-08-12 is located approximately 9 ft from the north side of tank BY-108. The TD
achieved through logging operations was 104 ft.

This borehole was drilled in 1973 and completed with 5/16 (0.3125)-1n.-thick, 6-in.-nominal-
diameter steel casing to a depth of 100.8 ft. The discrepancy between casing depth and logging
depth is probably a result of casing being added to allow for a 4-ft-high berm that was placed
around the borehole. No information is available that suggests this borehole has been perforated
or grouted between the casing and formation.

A review of gross-gamma log data collected from this borehole from 1973 to 1994 indicates
elevated gamma activity from 38 to 72 ft in depth. In 1974, a new peak was recorded at about
41 ft. The maximum count rate has decreased in intensity with time and has been measured at a
lower depth (ranging from 41 to 55 ft} in successive years. The earliest available digital data for
this borehole (1981) are plotted with the 1994 data on the combination plot in Appendix A. The
apparent migration of the count rate peaks to lower depths between 1981 and 1994 is probably
the result of improper depth initialization procedures rather than actual downward movement of
gamma-ray emitting radionuclides. The spatial peaks can be correlated, and that correlation
shows count rates decreasing with time. This decrease in count rate is probably the result of the
decay of ®Co, which has a relatively short half-life of 5.3 years.

137Cs and ®Co were the man-made contaminants identified in this borehole. The presence of
37Cs was measured almost continuously from the ground surface to about 45 ft and at a few
locations below 45 ft to TD. The maximum concentration was measured at about 800 pCi/g at
3 ft. Concentrations of *Co were measured at low concentrations (i.e., less than 1 pCi/g) at
about 3 and 34 ft, and at higher concentrations (i.e., maximum of about 6 pCi/g) from about
45 10 57 ft and from about 69 to 80 ft.

A trend from lower to higher “°K concentrations begins near the base of the tank excavation.
The increased “’K concentrations may indicate sediments with enhanced silt content.

The origin of the ’Cs contamination measured from the surface to about 45 ft is near-surface

contamination that has migrated downward. The intermittent occurrences of *’Cs in and at the
bottom of the borehole are probably the result of downward migration of contamination inside
or along the outside of the casing.

Although ®¥Co contamination from 45 to 57 ft and from 69 to 80 ft appears to be unrelated
(i.e., deposition is not continuous), both intervals of contamination likely originated from the
same source. This source probably originated at a depth of 34 or 45 ft, which is within the
historical waste level of this tank. On the basis of comparisons of the 1981 historical gross
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gamma logs with the 1994 gross gamma logs and the current SGLS data, the downward
migration of “Co contamination has not been significant after its original deposition.

5.0 Discussion of Results

The natural and man-made radioelement concentration data were correlated among the
boreholes around tank BY-108 by comparing the individual combination plots relative to their
spatial positions around the tank. A correlation plot of '¥’Cs and ®Co concentrations from
each borehole without the confidence intervals or respective MDLs is also provided (see

Figure 3) to aid in this discussion. Figure 2 shows the spatial relationship of the referenced
boreholes.

The log profile for each borehole on the correlation plot indicates *’Cs contamination from the
near-surface that has migrated downward to varying depths. Except for boreholes 22-08-07
and 22-08-09, significant amounts of *’Cs contamination were not measured (i.€., continuous
deposition) below the bottom of this tank. Borehole 22-08-07 has casing perforations that
influence contaminant distribution, and borehole 22-08-09 has a profile indicative of downward
migration along the outside of the casing.

An interval of high '’Cs concentration occurs between 1 and 6 ft in boreholes 22-08-01,
22-08-02, 22-08-06, 22-08-09, and 22-08-12. Logging engineers report that the high count
rates in boreholes 22-08-02 and 22-08-12 are probably associated with pipelines near the
boreholes that contain contamination. Contamination at this depth in the other boreholes near
tank BY-108 may not be contained within a pipeline and instead has spilled into the sediment.

Possible indications of a subsurface source originating from the tank are shown by elevated
'¥Cs concentrations in boreholes 22-08-06 and 22-08-02 at about 23 to 26 ft in depth,
respectively. This depth range corresponds with the depth of the top of the tank liner and
ancillary piping where fluids may have spilled. *Sr may be a constituent of the contamination
at about 23 ft in borehole 22-08-06.

Historical gross gamma logs indicate elevated activity in varying amounts in all boreholes
associated with tank BY-108. This activity has decreased in intensity with time in each
borehole and generally corresponds with intervals of contamination identified as “Co as
measured by the SGLS. The ®Co contamination is typically located at and below depths
corresponding to the historical tank waste level indicating possible subsurface leaks. Boreholes
22-08-06 and 22-08-12 are the exceptions, where minor amounts of *Co contamination also
occur in near-surface deposits.
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6.0 Conclusions for Tank BY-108

The profile of the contamination measured in boreholes around tank BY-108 suggests the tank
has leaked in the past. The elevated gross gamma activity identified in the early 1970s and
caused by *Co is indicative of a leak from this tank. This contamination originated from the

tank and may have migrated downward through the sediments initially, but it seems to have
stabilized since 1982.

Most of the "*’Cs contamination measured in the boreholes probably originated near the ground
surface or near the top of the tank liner at about 23 ft. This contamination has not migrated
downward significantly and is generally not associated with the ®Co contamination.

The presence of ®Co contamination in the shallow vadose zone does not pose a long-term
threat to human health or the environment because of its relatively short half-life. Because of
its greater mobility, *Co contamination may have intersected the boreholes in advance of **’Cs
contamination. For example, log data for borehole 22-08-05 indicate an association of ¥’Cs
and ®Co at 43 and 50 ft in depth, possibly suggesting the *’Cs contamination has just reached
the borehole. The differing mobilities of the radionuclides may account for the apparent lack

of correlation of the two radionuclides in most of the borehole logs, particularly at depths
below the tank.

Data collected from boreholes on the west side of tank BY-108 do not indicate contamination
attributable to the tank. Leaks from the tank probably occurred near boreholes 22-08-12,
22-08-01, or 22-08-02 on the northeast side of the tank.

7.0 Recommendations

On the basis of the data reviewed and the discussion presented, evidence exists that a
subsurface source of contamination originated from tank BY-108. After all BY Farm borehole
data have been collected and analyzed, it is likely correlations can be made to better define the
sources of contamination in relation to tanks in the BY Tank Farm.

Continued monitoring is recommended to document any potential increases in man-made
radionuclide concentrations such as *’Cs. Close comparisons of the ®Co contamination profile
in future SGLS data with the current data as it relates to migration through the vadose zone
should be considered for possible verification of contaminant transport models.

Borehole 22-08-07 should be abandoned because of the apparent influence of casing perforations
that may cause contamination to readily migrate deeper in the vadose zone.

A long stationary count of 1,000 s or more should be collected at 79 ft in borehole 22-08-09 to
further evaluate the specific radionuclides influencing the total gamma count rate at that depth.
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Methods for determining the presence and concentration of contamination that may be inside the
borehole casings should be developed.
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Appendix A
Spectral Gamma-Ray Logs for Boreholes
in the Vicinity of Tank BY-108
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WGEWCH Inc.

Spectral Gamma-Ray Borehole

Log Data Report Page 1ot 2
Log Event A
Borehole - o
Borehole Information
Farm: BY Tank: BY-108 She Number: 209-£33-118
N-Coocrd: 46.038,00 W-Coord: 5342900 TOC Elevation: £49.28
Water Level, ft:  None Date Drilled :  7/22/70
Csﬂj Record
Type:  Steel-welded Thickness ; 0.2500 D,in.: 6,00
Top Depth, f1. : 0.00 Bottom Depth, fl. :  100.00
Borehole Notes
According to the driller's records, this borehole was not perforated or grouted.
Equipment Information
Logging System: 2 Detsctor Type : HPGe Detactor Efficlency:  35.0 %

Calibration Date : 3/95

Callbration Reference : GJPO-HAN-1

Logging Procedurs : P-GJPQ-1783

Lodg Rup |nformation

Log Run Number : 1 Log Run Date : 9/5/95 Logging Engineer: B_QD._SD.EIZ
Start Depth, ft.: 99 Counting Time, sec.: 100 UR: L Shield : N

Finish Depth, ft.: 35 MSA interval, ft. : 5 Log Speed, ftimin. o

Log Run Number : 2 Log Run Date : 9/5/95 Logging Engineer:  Bob Spatz
Start Depth, ft.: 0 Counting Time, sec.: 100 UR: L Shield : N

Finlsh Depth, ft.: 36 MSA interval, ft. : 5 Log Speed, fUmin.: oa




Iﬂ]ﬂ GeoTecH INC. Spectral Gamma-Ray Borehole
— Log Data Report Page 2of 2

v 22-08-01 =

Analvsis information

Analyst: P, D, Henwood
Data Processing Reference :  P.GJPQ-1787 Analysis Date : 2/28/96

Analysis Notes ;
This borehoie was logged in two log runs. The pre- and post-survey field verification spectra showed
consistent activities, indicating the logging system operated properly during data coliection. Energy
calibrations differed because of gain drift in the instrumentation. Gain drifts during data collection
necessitated energy versus channel number recalibrations during processing of the data to maintain
proper peak identification. A depth overlap, where data were collected on separate days at the same
depth, occurred in this borehole at 35 ft. The calcutated concentrations were within the statistical
uncertainty of the measurements, indicating very good repeatability.

The casing thickness is 1/4 (0.25) inch, Casing-correction factors for a 0.25-in.-thick steel casing were
applied during analysis.

Cs-137 and Co-60 were the man-made radionuclides identified in this borehole. The presence of
Cs-137 was measured almost continuously from 5 to about 36 ft, at a few isolated locations in the
remainder of the borehole, and at the bottom of the borehole. Data were not collected from 1 to 4 ft
because of excessive dead times in the data collection system. Co-60 was measured continuously
from about 28 ft to TD, except for an interval from 42 to 44 ft.

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

Log Plot Notes:
Separate log plots show the man-made (e.g., Cs-137) and the naturally occurring radionuclides (K-40,

U-238, and Th-232}. The natural radionuclides can be used for lithology interpretations. The headings
of the plots identity the specific gamma rays used to calcuiate the concentrations.

A combination plot includes both the man-made and natural radionuclides, in addition to the total
gamma derived from the spectral data and the Tank Farms gross gamma log. The gross gamma plot
displays the eariiest and latest available digitai data. No attempt has been made to adjust the depths of
the gross gamma logs to coincide with each other or the SGLS data. The purpose of providing both
logs is to show the decreasing count rates over time which are probably due to decay of Co-60.

Uncentainty bars on the plots show the statistical uncertainties for the measurements as 95-percent
confidence intervals. Open circles on the plots give the minimum detection level (MDL). The MDL of a
radionuclide represents the lowest concentration at which positive identification of a gamma-ray peak is
statistically defensible.
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me GeoTECH INC.

Spectral Gamma-Ray Borehole

Log Data Report Page 1of 2
Log Event A
Borehole - -
Borehole Information
Farm: BY Tenk: BY-108 Site Number : 200.F33-208
N-Coord : 46,022,00 W-Coord: 53.411.00 TOC Elevation: §48.55
Water Level, ft:  None Date Drilled :  1/19/73
Casing Record
Type: Steel-welded Thickness : 0.2500 iDyin.:  6.00
Top Depth, ft. : 0.00 Bottom Depth, ft.:  100.25

Borehole Notes

According to the driller's records, this borehole was not perforated or grouted. The borehole is located within
a 4-fi-high (relative to the surrounding area) berm. It is possible an additional 3 to 4 ft of casing have been
welded onto the original casing after the borehole was drilled in 1973. This scenario could account for the
discrepancy between drilling reports of 100 ft of casing in the borehole and the logging depth of 103 #.

Equipment Information

Logging System : 2
Calibration Date : 3/05

HPGe
Calibration Reference : G,JPO-HAN-1

Detector Type :

Detector Efficiency : 350%

Logging Procedure : P-GJPO-1783

Log Run information

Log Run Number : i Log Run Date : 9/6/95 Logging Engineer: Bob Spatz
Start Depth, f1.: 103 Counting Time, sec.. 100 LR: | Shield : N

Finish Depth, ft.: 44 MSA Interval, ft. ; 5 Log Speed, fumin. n/a

Log Run Number : 2 Log Run Date : 9/7/95 Logging Engineer: Bob Spatz
Start Depth, f.: 45 Counting Time, sec.:. 100 UR: L Shield: N

Finish Depth, ft. : 4 MSA Interval, 2. : 5 Log Speed, fmin. e
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oo 22-08-02

Analvsis information

Analyst: P, D, Henwood
Data Processing Reference :  P-GJPO-1787 Analysis Date :  2/28/98

Analysis Notes ;_
This borehole was logged in two log runs. The pre- and post-survey field verification spectra showed
consistent activities, indicating the logging system operated properly during data collection. Energy
calibrations differed because of gain drift in the instrumentation. Gain drifts during data collection
necessitated energy versus channe! number recalibrations during processing of the data to maintain
proper peak identification. A depth overiap, where data were coliected on separate days at the same
depth, occurred in this borehole at 45 ft. The calculated concentrations were within the statistical
uncertainty of the measurements, indicating very good repeatability.

The casing thickness is 1/4 (0.25) inch. Casing-correction factors for a 0.25-in.-thick steel casing were
applied during analysis.

Cs-137 and Co-60 were the man-made radionuciides identified in this borehole. The presence of
Cs-137 was measured almost continuously from the ground surface to about 51 #, at a few sporadic
locations, and at the bottom of the borehole. Data were not collected above 4.5 ft in depth because of
excessive dead times in the data collection system. A transfer line is located near the borehole in a
raised berm and is the probable source of high count rates. Co-80 was measured intermittently from 50
{0 68 ft, and continuously from 69 ft to TD.

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

Log Plot Notes:
Separate log plots show the man-made (e.g., Cs-137) and the naturally occurring radionuclides (K-40,
U-238, and Th-232). The natural radionuclides can be used for lithology interpretations. The headings
of the plots identify the specific gamma rays used to calculate the concentrations.

A combination plot includes both the man-made and natural radionuclides, in addition to the total
gamma derived from the spectral data and the Tank Farms gross gamma log. The gross gamma plot
displays the earliest and latest available digital data. No attempt has been made to adjust the depths of
the gross gamma logs to coincide with each other or the SGLS data. The purpose ot providing both
logs is to show the decreasing count rates over time which are probably due to decay of Co-60.

Uncertainty bars on the plots show the statistical uncertainties for the measurements as 85-percent
confidence intervais. Open circles on the plots give the minimum detection level (MDL). The MDL of a
radionuclide represents the lowest concentration at which positive identification of a gamma-ray peak is
statistically defensible.
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MEO'I'ECH Inc.
|

Spectral Gamma-Ray Borehole

Log Data Report Page 1of 2
Log Event A
Borehole -— -
Borehole Information
Farm: BY Tank: BY-108 Slte Number: 200-F33-1190
N-Coord: 45,962.00 W-Coord: 5342900 TOC Elevation: §48.77
Water Level, ft:  None Date Drilled :  7/28/70
Casing Record
Type:  Steel-welded Thickness : 0.2500 ID,in.:  6.00
Top Depth, ft. : 0.00 Botiom Depth, ft.©  100.00
Borehole Notes
According to the driller's records, this borehole was not perforated or grouted.
Equipment Information
Logging System : 2 Detector Type : HPGe Detector Efficlency : 35,0 %

Calibration Date : 3/05

Callbration Reference : GJPQO-HAN-1

Logging Procedure : P-GJPO-1783

koo Run information

Log Run Number : 1 Log Run Date : B/23/95 Legging Engineer: Alan Pearson
Start Depth, ft.: ¢ Counting Time, sec.: {00 LR: L Shisld : N

Finish Depth, ft. : 53 MSA Interval, ft. ; 5 Log Speed, fvmin.: n/a

Log Run Number : 2 Log Run Date ; B8/25/95 Logging Engineer: Alan Pearson
Start Depth, t.: 98 Counting Time, sec.. 100 LR: L Shield : N

Finish Depth, . : 52 MSA Interval, #t. 5 Log Speed, fumin. wa




Iml GeoTeECH INC. Spectral Gamma-Ray Borehole
‘ = Log Data Report Page 2of 2

Log Event A
Borehole 2 - O 8 - O

Anaivsis Information

Analyst: P, D, Henwood
Data Processing Referance :  P-GJIPQ-1787 Analysis Date : 2/28/96

Analysis Notes ;
This borehole was logged in two log runs. The pre- and post-survey field verification spectra showed
consistent activities, indicating the logging system operated properly during data collection. Energy
calibrations differed because of gain drift in the instrumentation. Gain drifts during data coliection
necessitated energy versus channe! number recalibrations during processing of the data to maintain
proper peak identification. A depth overiap, where data were collected on separate days at the same
depth, occurred in this borehole at 53 ft. The calculated concentrations were within the statistical
uncertainty of the measurements, indicating very good repeatability.

The casing thickness is 1/4 (0.25) inch. Casing-correction factors for a 0.25-in.-thick steel casing were
applied during analysis.

Cs-137 and Co-60 were the man-made radionuclides identified in this borehole. The presence of
Cs-137 was measured almost continuously from the ground surface to about 34 f, intermittently from 34
1o 96 #t, and at the bottom of the borehole. Co-60 was measured continuously from about 39 to 80.5 fi,
and at the bottom of the berehole.

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

Log Plot Notes:
Separate log plots show the man-made (e.g., Cs-137) and the naturally occurring radionuclides (K-40,

U-238, and Th-232). The natural radionuciides can be used for lithology interpretations. The headings
of the plots identify the specific gamma rays used to calculate the concentrations.

A combination plot includes both the man-macde and natural radionuclides, in addition to the total
gamma derived from the spectral data and the Tank Farms gross garmma log. The gross garnma plot
dispiays the earliest and latest available digital data. No attempt has been made to adjust the depths of
the gross gamma logs to coincide with each other or the SGLS data. The purpose of providing both
logs is to show the decreasing count rates over time which are probably due to decay of Co-80.

Uncertainty bars on the plots show the statistical uncertainties for the measurements as 95-percent
confidence intervals. Open circles on the plots give the minimum detection level (MDL). The MDL of a
radionuclide represents the lowest concentration at which positive identification of a gamma-ray peak is
statistically defensible.
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Natural Gamma Logs
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m GeoTECH InC.

Spectral Gamma-Ray Borehole

l Log Data Report Page 1of 2
Log Event A
Borehole - -
Borehole Information
Farm: BY Tank: BY-108 Site Number:  209.F£33.207
N-Coord : 45 954,00 W-Coord: 53,449.00 TOC Elevation: 548,84
Watsr Lavel, #1:  None Date Drilied :  1/31/73
Casing Record
Type:  Steel-welded Thickness : 0.3125 IDn: 613
Top Depth, #. : 0.00 Bottom Depth, ft.:  100.25
Borehole Notes
According to the drillet's records, this borehole was not perforated or grouted.
Equipment Information
Logging System: 2 Detector Type : HPGe Detsctor Efficiency :  35,0.%
Calibration Date : 3/95 Callbration Reference : GJPO-HAN-1 Legging Procedure : P-GJPQ-1783
Log Run Informatjon
Log Run Number : 1 Log Run Date : 8/28/95 Logging Engineer:  Ajan Pearson
Start Depth, ft.: 0 Counting Time, sec.: 100 LR: L Shielet : N
Finish Depth, . 12 MSA Interval, ft. : 2 Log Speed, f/min.: n/a
Log Run Number : 2 Log Run Date : 8/29/95 Logging Engineer:  Alan Pearson
Start Depth, ft.: 99 Counting Time, sec.: 100 LR: L Shield : N
Finish Depth, ft.: 185 MSA Interval, ft. : 5 Log Speed, ft/min.: nla




!“I GEeEoTECH INC. Spectral Gamma-Ray Borehole
' T Log Data Report Page 2of 2

e 22-08-06 ==

Analvsis Information

Analyst: P, D, Henwood
Data Processing Reference:  P.GJP(D-1787 Analysis Date : 2/28/96

Analysis Notes ;
This borehoie was iogged in two log runs. The pre- and post-survey fieid verification spectra showed
consistent activities, indicating the logging system operated property during data collection. Energy
calibrations differed because of gain dritt in the instrumentation. Gain drifts during data collection
necessitated energy versus channel number recalibrations during processing of the data to maintain
proper peak identification. A depth overlap, where data were collected on separate days at the same
depth, occurred in this borehoie at 19 ft. The calculated concentrations were within the statistical
uncertainty of the measurements, indicating very good repeatability.

The casing thickness is 5/16 (0.3125) inch. Casing-correction factors for a 0.33-in.-thick steel casing
were applied during analysis, which may result in an almost negligible over-estimation of the
radionuclide concentration. '

Cs-137 and Co-60 were the man-made radionuclides identified in this borehole. The presence of
Cs-137 was measured aimost continuously from the ground surface to about 40 ft, and intermittently
throughout the remainder of the borehole. Co-60 was measured at intemittent locations in the borehole,
and aimost continuously from 63 to 92 ft. Sr-90 may exist at about 23 ft in depth.

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

Log Plot Notes:
Separate log plots show the man-made (e.g., Cs-137) and the naturally occurring radionuclides (K-40,
U-238, and Th-232). The natural radionuclides can be used for lithology interpretations. The headings
of the plots identify the specific gamma rays used to calculate the concentrations.

A combination piot includes both the man-made and natural radionuclides, in addition to the total
gamma derived from the spectral data and the Tank Farms gross gamma log. The gross gamma plot
displays the earliest and latest available digital data. No attempt has been made to adjust the depths of
the gross gamma logs 1o coincide with each other or the SGLS data. The purpose of providing both
logs is to show the decreasing count rates over time which are probably due to decay of Co-60.

Uncertainty bars on the piots show the statistical uncertainties for the measurements as 85-percent
confidence intervais. Open circles on the plots give the minimum detection level (MDL). The MDL of a
radionuclide represents the lowest concentration at which positive identification of a gamma-ray peak is
statistically defensible.
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m GEOTECH INncC.

Spectral Gamma-Ray Borehole

l Log Data Repont Page 1of 2
Log Event A
Borehole — - 7
Borehole Information

Farm: BY Tank: BY-108 Site Number:  290-F£33-87
N-Coord: 45,956.00 Ww-Coord: 5349200 TOC Elevation:  §50,03
Water Level, ft:  None Date Driled : 8/17/48
Casing Record

Type: Steel-welded Thickness : 0.3750 ID,in.:  B8.00

Top Depth, ft. : 0.00 Bottorn Depth, ft.©  150.00

Borehole Notes

According to the driller's records, this borehole was drilled and cased to 150 ft in 1949. The depth achieved
by logging has been about 131 ft since at least 1982. The cause of blockage in the borehole or the date
when it occurred is not known. Records indicate the casing is perforated (5 holes per foot) from about 49 to
100 ft. Other boreholes in the vicinity that were drilled in 1949 have perforations from 40 to 100 ft. Onthe
basis of the Cs-137 log, which indicates contamination beginning at 40 ft (contaminants apparently entered
the casing through perforations), it is possible the casing in this borehoie was actually perforated from 40 to
100 ft. Records do not indicate any grout being placed in this borehole.

Equipment information

Logging System: 2
Calibration Date : 3/95

HEGe
Calibration Reference : QJ_EQ_.HAM

Detector Type : Detector Efficiency :

35.0%
Logging Procsdure : P-GJPO-1763

Log Rup Information

Log Run Number : 1 Log Run Date : RB/29/95 Logging Engineer:  Alan Pearson
Start Depth, ft.: 0 Counting Time, sec.: 100 WR: L Shield : N

Fintsh Depth, ft. : 13 MSA Interval, ft. 5 Log S tthemin.s 0/

Log Run Number : 2 Log Run Date : 8/30/95 Legging Engineer: Alan Pearson
Start Depth, ft..  {31.5 Counting Time, sec.: 100 WR: L shieid: |\

Finish Depth, ft.: 255 MSA Interval, ft. : 5 Log Speed, fmin.: n/a

_fog Run Number : 3 Log Run Date : 8/31/85 Logging Engineer:  Alan Pearson
Start Depth, ft.: 26 Counting Time, sec.: 100 WR: L Shield : N

Finieh Depth, f. - 12 MSA Interval, ft. e Log Speed, f/min,: n/a




I“' GeoTECH INnC. Spectral Gamma-Ray Borehole
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Borehole 2 2 _ 0 8 _ O 7 | Log Event A

Analysis information

Anayst: P, D, Henwood
Data Processing Reference :  P-(3JPC-1787 Analysis Date :  2/28/96

This borehole was logged in three log runs. The pre- and post-survey field verification spectra showed
consistent activities, indicating the logging system operated properly during data collection. Energy
calibrations diftered because of gain drift in the instrumentation. Gain drifts during data collection
necessitated energy versus channel number recalibrations during processing of the data to maintain
proper peak identification. Depth overiaps, where data were collected on separate days at the same
depth, occcurred in this borehole at about 13 and 25 ft. The calculated concentrations were within the
statistical uncertainty of the measurements, indicating very good repeatability.

The casing thickness was measured in the field as 3/8 {0.375) in. However, borehole casing
thicknesses are typically measured at 5/16 (0.3125) in. or less in the BY Tank Farm. Another borehole
(22-06-07) that was drilled at about the same time {(1949) had a measured casing thickness of 5/16 in.
Therefore, casing-correction factors for a 0.33-in.-thick steel casing were applied during analysis.

Cs-137 and Co-60 were the only man-made radionuclides identified in this borehole. The presence of
Cs-137 was measured continuously from the ground surface to about 4 #, almost continuously from
about 40 to 100 ft, intermittently in other locations, and at the bottom of the borehole. Cs-137
concentrations from 40 to 100 {t are most likely influenced by the perforations in the casing in this depth
interval. Co-60 was measured at 84 ft, and from 95 to 98 ft.

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

Log Plot Notes:
Separate log plots show the man-made (e.g., Cs-137) and the naturally occurring radionuclides (K-40,

U-238, and Th-232). The natura! radionuclides can be used for lithology interpretations. The headings
of the plots identify the specific gamma rays used to calculate the concentrations.

A combination plot includes both the man-made and natural radionuclides, in addition to the total
gamma derived from the spactral data and the Tank Farms gross gamma log. The gross gamma plot
displays the earliest and latest available digital data. No attempt has been made to adjust the depths of
the gross gamma logs to coincide with each other or the SGLS data. The purpose of providing both
logs is to show the decreasing count rates over time which are probably due to decay of Co-60.

Uncertainty bars on the plots show the statistical uncertainties for the measurements as 85-percent
confidence intervals. Open circles on the piots give the minimum detection level (MDL). The MDL of a
radionuclide represents the lowest concentration at which positive identification of a gamma-ray peak is
statistically defensible.
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%9Co (1333 keV)
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Man-Made Radionuclide Concentrations
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Spectral Gamma-Ray Borehole

MEOTECH Inc.
=

Log Data Report Page 1of 3
2 2 Log Event A
_Borehole Information,
Farm: BY Tank: BY-108 Site Number :  299-E£33-120
N-Coord: 46.008.00 W-Coord: 53 49500 TOC Elavation: §49.34

Water Level, ft:  None

Date Drilled : 7/28/70

Casiﬂ Record

Type:  Steel-welded
Top Depth, .. 0.00

Thickness : 0.3125 ID,in.:  &.00
Bottom Depth, ft.:  100.00

Borehole Notes

According to the driller's records, this borehole was not perforated or grouted.

fign

Logging System : 2 Detsctor Type : HPGe Detector Efficiency : 35.0 %

Callbration Date ; 3/95

Callbration Reference : GJPO-HAN-1 Logging Procedure: P-GJPO-1783




m GEOTECH INC.

Spectral Gamma-Ray Borehole

Page 2of 3
t Log Data Report 9
Log Event A
Borehole m-a -
—Log Run information
Log Run Number : 1 Log Run Date : 8/31/95 Logging Engineer: Alan Pearson
Start Depth, ft.: 88 Counting Time, sec.: 100 WR: L Shield : N
Finish Dapth, fi. : 35 MSA Interval, ft. : ‘5 Log Speed, ftimin.: o/a
Log Run Number : 2 Log Run Date : 9/1/95 Logging Engineer: Alan Pearson
Start Depth, ft.: 0 Counting Time, sec.: 100 WR: L Shield : N
Fini th, ft. : .
nish Dep 2.5 MSA Interval, ft. : 5 Log S fmin. n/a
Log Run Number : 3 Log Run Date : 9/1/95 Logging Engineer: Alan Pearson
Start Dapth, ft.: 3 Counting Time, sec.: 100 UR: R Shield : N
Finish Depth, ft. : s MSA interval, ft. : 5 Log Speed, fymin.: o/a
Log Rutt Numbser ; 4 Log Run Date : 9/1/95 Logging Engineer: Alan Pearson
Start Depth, ft.: 5.5 Counting Time, sec.: {00 UR: L Shield : |\
Fi L .
nishDepth,fli 30 MSAImerval,ft.: 2 Log Speed, fmin.: n/a




I“I GEeoTECH INnC. Spectral Gamma-Ray Borehole
‘ — Log Data Report Page 3of 3

e 22-08-09

Analysis Information

Analyst: P, D, Henwoaod
Data Processing Reference:  P-GJPQ-1787 Analysis Date : 2/28/96

Analysis Notes ;
This borehole was logged in four log runs. The pre- and post-survey field verification spectra showed
consistent activities, indicating the logging system operated properly during data collection. Energy
calibrations differed because of gain drift in the instrumentation. Gain drifts during data collection
necessitated energy versus channel number recalibrations during processing of the data to maintain
proper peak identification. A depth overlap, where data were collected on separate days at the same
depth, occurred in this borehole at 35 ft, The calculated concentrations were within the statistical
uncertainty of the measurements, indicating very good repeatability.

The casing thickness is 5/16 {0.3125) inch. Casing-correction factors for a 0.33-in.-thick steei casing
were applied during analysis, which may cause an almost negligible over-estimation of the
concentrations.

Cs-137, Np-237, and Eu-152 were the man-made radionuclides identified in this borehole. The
presence of Cs-137 was measured almost continuously from the ground surface to about 19 ft, and
intermittently in the remainder of the borehole. Np-237 and Eu-152 were identified at 79 ft. The MDLs
were 1.1 and 1.3 pCi/g, respectively. Longer counting times are required to quantify the concentration
of these radionuciides. Data were coliected in real time between 3 and 5 ft because of a high count
rate.

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

Log Plot Notes:
Separate log plots show the man-made (e.g., Cs-137) and the naturally occurring radionuciides (K-40,
U-238, and Th-232). The natural radionuclides can be used for lithology interpretations. The headings
of the plots identify the specific gamma rays used to calculate the concentrations.

A combination plot includes both the man-made and natural radicnuclides, in addition to the total
gamma derived from the spectral data and the Tank Farms gross gamma log. The gross gamma plot
displays the earliest and latest available digital data. No attempt has been made to adjust the depths of
the gross gamma logs to coincide with each other or the SGLS data. The purpose of providing both
logs is to show the decreasing count rates over time which are probably due to decay of Co-60.

Uncertainty bars on the plots show the statistical uncertainties for the measurements as 95-percent
confidence intervals. Open circles on the plots give the minimum detection level (MDL). The MDL of a
radionuclide represents the lowest concentration at which positive identification of a gamma-ray peak is
statistically defensible.
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m GeoTecH Inc. Spectral Gamma-Ray Borehole
L Log Data Reporn

e 22-08-12 =

Page 1of 2

Borehole Information

Farm: BY Tank: BY-108 Site Number : 289-E33-200
N-Coord :  46,049.00 W-Coord: 53 447.00 TOC Elevation : 650.0
Water Level, ft:  None Date Driiled :  1/26/73

Casing Record

Type:  Steel-welded Thickness : 0.3125 ID,in.: 6.00
Top Depth, ft. : 0.00 Bottom Depth, ft. :  100.80

Borehole Notes

According to the driller's records, this borehole was not perforated or grouted. The borehole is located within
a 4-ft-high (relative to the surrounding area) berm. It is possible an additional 3 1o 4 ft of casing was welded
onto the original casing after the borehole was drilled in 1973. This scenario could account for the
discrepancy between drilling reports of 100 ft of casing in the borehole and the logging depth of 104 ft.

Equipment Information

Logging System: 2 Detector Type : HPGe Detector Efficlency:  35.0 %
Calibration Date : 3/85 Calibration Reference : GJPO-HAN-1 Logging Procedure : P-GJPO-1783
Log Run Information

L.og Run Number : 1 Log Run Date : 9/1/95 Logging Engineet: Alan Pearson
Start Depth, it.: 104 Counting Time, sec: 100 LR: | Shield : N

Finish Depth, ft. : B_E MSA Interval, ft. : ‘5 Log Speed, fUmin.: nla

Log Run Number : 2 Log Run Date : 9/1/95 Logging Engineer:  Bob Spatz
Start Depth, ft.: 0 Counting Time, sec.. 100 LR: L shieid : N

Finieh Depth, . - 6 MSA Interval, ft. : 2 Log Spead, ft/min.: n/a
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: Log Data Report Page 2of 2

v 22-08-12 &

Analvsis Information

Analyst: P, D, Henwood
Data Processing Reference :  P.-GJP0O-1787 Analysis Date : 2/28/96

Analysis Notes :
This borehole was logged in two log runs. The pre- and post-survey field verification spectra showed
consistent activities, indicating the logging system operated properly during data collection. Energy
calibrations differed because of gain drift in the instrumentation. Gain drifts during data coliection
necessitated energy versus channel number recalibrations during processing of the data to maintain
proper peak identification. A depth overlap, where data were collected on separate days at the same
depth, occurred in this borehole at 35 ft. The calculated concentrations were within the statistical
uncertainty of the measurements, indicating very good repeatability.

The casing thickness is 5/16 {0.3125) inch. Casing-correction factors tor a 0.33-in.-thick steel casing
were applied during analysis, which may cause an aimost negligible over-estimation of concentrations.

Cs-137 and Co-60 were the man-made radionuclides identified in this borehole. The presence of
Cs-137 was measured almost continuously from the ground surface to about 45 #t, and at isolated
locations to TD. Co-60 was measured at about 3 and 35 ft, 45 to 57 ft, and from about 69 to 80 ft.

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

Log Piot Notes:
Separate log plots show the man-made {(e.g., Cs-137) and the naturally occurring radionuclides (K-40,

U-238, and Th-232). The natural radionuclides can be used for lithology interpretations. The headings
of the plots identify the specific gamma rays used to caiculate the concentrations.

A combination plot includes both the man-made and natural radionuclides, in addition to the total
gamma derived from the spectral data and the Tank Farms gross gamma log. The gross gamma plot
displays the earliest and latest available digital data. No attempt has been made to adjust the depths of
the gross gamma logs to coincide with each other or the SGLS data. The purpose of providing both
logs is to show the decreasing count rates over time which are probably due to decay of Co-60.

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