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Executive Summary

In 1994, the U.S. Department of Energy (DOE) Richland Operations Office (DOE-RL) requested
the DOE Grand Junction Office (GJO), Grand Junction, Colorado, to perform a baseline
characterization of gamma-emitting radionuclides in the vadose zone at all Hanford single-shell
tank (SST) farms using high resolution spectral gamma-ray logging methods in existing
boreholes surrounding the tanks. In 1998, Congress established the Office of River Protection
(ORP) at Hanford, an autonomous organization that reports directly to DOE Headquarters. ORP
is responsible for managing all aspects of the Tank Waste Remediation System (TWRS) project,
including characterization of the vadose zone potentially impacted by the SSTs. The
responsibility for the baseline characterization project, originally under the auspices of DOE-RL,
was transferred to ORP in December 1998.

The C Tank Farm Report, which was prepared as part of this characterization project, was issued
as document GJO-98-39-TAR, GJO-HAN-18 in July 1998. That document reported the results
of the spectral gamma logging characterizations at the C Tank Farm that were originally reported
in Tank Summary Data Reports for each individual tank. The C Tank Farm Report provided
background information, a history of the farm, geology and hydrology reviews, and a description
and review of adjacent waste sites. Data derived from logging existing boreholes were used to
develop a three-dimensional model of the distribution of the contamination in the vadose zone in
the immediate vicinity of the C Tank Farm.

Since the original C Tank Farm Report was issued, addittonal data have been collected, new
analysis techniques developed, and additional insights into the nature and distribution of
contamination have been gained. The purpose of this addendum is to present these additional
data and to provide revised visualizations of the subsurface contaminant distribution in the

C Tank Farm.

A high rate logging system was developed and deployed in the C Tank Farm to measure
cesium-137 ('"*’Cs) concentration levels in high gamma flux zones where the spectral gamma
logging system was unable to collect usable data because of high dead times and detector
saturation. This new system has enabled measurement of *’Cs concentrations up to about

100 million picocuries per gram. Three boreholes in the C Tank Farm were logged with the high
rate logging system. 7Cs was identified in two of these boreholes. The high gamma flux in the
third borehole was attributed to a remote source such as a pipeline.

Other data collected since the C Farm Report was issued include repeat logging measurements
acquired approximately 2 years after the initial baseline data were collected. Measurements from
one of these boreholes have indicated radionuclide concentration increases that are attributed to
migration of contaminants through the vadose zone at the present time. The maximum depth of
cobalt-60 (°Co) has increased in borehole 30-06-10 from 112.0 ft in 1993 to 116.5 ft in 1997 and
then to 123.5 ft in 1999. Unfortunately, little data are available for a reliable assessment of
recent movement because routine gross gamma logging was discontinued in 1994. However,
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ORP is planning to initiate a spectral gamma monitoring program in fiscal year (FY) 2001 that
will assess and track any potential and/or ongoing contaminant movement for selected drywells
in the C Tank Farm.

The interpreted data set presented in the C Tank Farm Report was revised to incorporate the high
rate data and to remove contaminants linked to borehole effects. The decision to remove
additional contamination from boreholes was based on the results of the previous shape factor
analysis, experience gained in this and other tank farms, and the judgment of the analysts. This
new data set was used to create the three-dimensional visualizations of subsurface contamination
presented in this addendum. As a result, the plumes depicted in the visualizations are more
realistic and have been used to provide an estimate of contaminant inventories. The
visualizations will also prove useful in directing future characterization work in the C Tank
Farm.

This addendum completes the baseline characterization of the C Tank Farm. The purpose of the
characterization was to identify the nature and extent of contamination associated with gamma-
emitting radionuclides in the C Tank Farm using data collected from existing boreholes. This
work serves as a baseline against which future measurements can be compared to identify
changes in the vadose zone, to track gamma-emitting radionuclide contaminant movement, and
to identify or verify future tank leaks.
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1.0 Introduction

The C Tank Farm is located in the central portion of the 200 East Area of the Hanford Site
(Figures 1 and 2). This tank farm consists of 12 first-generation 100-series single-shell tanks
(SSTs) and four 200-series tanks. Each 100-series tank has a capacity of 530,000 gallons (gal),
and each 200-series tank has a capacity of 55,000 gal; therefore, the C Tank Farm has a capacity
to store a total of 6,580,000 gal of waste. These tanks currently store a total of 1,812,000 gal of
high-level nuclear waste that was generated primarily from the chemical processing of irradiated
uranium fuel. Tanks C-101, -110, -111, -201, -202, -203, and -204 are currently listed in
Hanlon (2000) as “assumed leakers” and are estimated to have leaked a total of 29,250 gal of
high-level radioactive liquid to the vadose zone.

In 1994, the U.S. Department of Energy (DOE) Richland Operations Office (DOE-RL) requested
the DOE Grand Junction Office (GJO), Grand Junction, Colorado, to perform a baseline
characterization of gamma-emitting radionuclides in the vadose zone at all Hanford SST farms
using high resolution spectral gamma-ray logging methods in existing boreholes surrounding the
tanks (Figure 3). In 1998, Congress established the Office of River Protection (ORP) at Hanford,
an autonomous organization that reports directly to DOE Headquarters. ORP is responsible for
managing all aspects of the Tank Waste Remediation System (TWRS) project, including
characterization of the vadose zone potentially impacted by the SSTs. The responsibility for the
baseline characterization project, originally under the auspices of DOE-RL, was transferred to
ORP in December 1998.

DOE-GJO deployed the Spectral Gamma Logging System (SGLS), which consists of a
downhole sonde and surface support system (cable, winch, and electronic systems mounted in a
custom-built truck). The downhole sonde contains an n-type high purity germanium (HPGe)
semiconductor detector with approximately 35-percent efficiency. The baseline C Tank Farm
geophysical logging was completed in 1997, and the results of the radionuclide concentration
logs for individual boreholes were compiled and presented in 12 individual Tank Summary Data
Reports (DOE 1997b, 1997¢c, 19974, 1997e, 19971, 1997g, 1997h, 19971, 1997), 1997k, 1998a,
and 1998b).

The C Tank Farm Report was completed by the Hanford Tank Farms Vadose Zone Project in
July 1998. Since it was completed, additional work has been performed, and modifications to
the original report are warranted. This document will discuss those modifications and serves as
an addendum to the original report. The original report was issued as document

GJO-98-39-TAR, GJO-HAN-18.
1.1 Background
A compilation of all borehole data collected for the baseline characterization was presented in the

original C Tank Farm Report. Included within that report were three-dimensional visualizations
of contaminant distribution in the vadose zone around the C Tank Farm.
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Figure 1. Map of the 200 East Area Showing the Location of the C Tank Farm
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Figure 2. Map of Boreholes, Groundwater Wells, and Waste Sites Near the C Tank Farm
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Since the original C Tank Farm Report was issued in 1998, additional data have been obtained
and enhancements have been made in the data evaluation process. Shape factor analysis had
been applied to the original baseline spectral data prior to issuing the C Tank Farm Report.
However, experience in the interpretation of these data led to a more liberal approach when
removing data suspected of being attributed to borehole effects. Other data have been acquired
by repeat logging of selected borehole intervals. Finally, a high rate logging tool has been
deployed to investigate intervals of very high gamma flux where the SGLS was unable to collect
usable spectral data.

1.2 Purpose and Scope

The purpose of this addendum is to present additional data relevant to the C Tank Farm, and to
provide revised visualizations of subsurface contamination that are based on re-evaluation of the
original data, as well as incorporation of high rate log data. Tank farm conditions, operational
history, current status, and geologic conditions are discussed in the original C Tank Farm Report
and in relevant Tank Summary Data Reports (DOE 1997a, 1997b, 1997¢, 1997d, 1997e, 19971,
1997g, 1997h, 1997i, 1997k, 1998a, and 1998b), and will not be restated in this report. The
reader is referred to those documents for detailed information.

Results of repeat and high rate logging are summarized in tables included in appendices to this
report. Log plots for both the repeat and high rate data also included in the appendices.

In general, only the high rate data have been incorporated into the interpreted data set used to
create the visualizations. Repeat logging data are generally not incorporated into the interpreted
data set, unless the data clarify ambiguities in the original log data. The primary justification for
excluding repeat data is that only a small fraction of the total logging footage was re-logged. To
routinely insert these data would thus distort the original baseline. Discrepancies between repeat
logging and the original logs are discussed in the text, and areas where potential contaminant
movement is evident are identified, but the contaminant plumes shown in the visualizations are
based on the original data, as modified by professional judgment, with HRLS results included in
intervals where the SGLS was saturated.

Although areas of potential contaminant movement are identified on the basis of comparison of
repeat logging data and original baseline data, it is difficult to draw firm conclusions regarding
recent contaminant movement because routine borehole monitoring was discontinued in 1994,

2.0 Summary of Additional Data

Additional data presented in this addendum include data from high rate logging and repeat
logging. Improvements in data analysis and interpretation methods are applied to all borehole
data where appropriate.
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2.1 High Rate Logging

During SGLS logging operations in the C Tank Farm in 1997, it soon became apparent that a few
subsurface intervals exhibited very high gamma-ray fluxes, such that the SGLS detectors became
saturated, yielding no usable data.

On the basis of this experience and in response to recommendations from the Expert Panel, (a
panel of experts appointed by DOE to provide independent oversight of vadose zone technical
investigations [DOE 1997a]), DOE-GJO designed a sonde capable of recording gamma-ray
spectra while operating in intense gamma-ray fluxes. The detector is a low-efficiency, 6-
millimeter (mm) by 8-mm n-type HPGe detector. The sonde containing the detector is operated
by either of the SGLSs. This system is referred to as the High Rate Logging System (HRLS).
Information regarding this system and its calibrations are described in a base calibration report
(DOE 1999).

The HRLS operates normally in gamma-ray fluxes intense enough to “saturate” the SGLSs.
Saturation refers to the circumstance in which the detector records spectra in which the peaks
(full energy peaks) are tiny or even absent. This situation is an extreme manifestation of
“pileup,” which contributes to degradation of spectra (Knoll 1989). “Pulse pileup” occurs when
the photon flux at the detector is so great that the probability is high that two or more photons
will deposit their energies in the detector within a time interval that is short compared to the time
resolution of the system. The electrical charge liberated by the several photons is then processed
as if just one photon were involved. Pulse pileup events give output pulses with variable
amplitudes because the amplitude of each output pulse depends on the total energy of the several
captured photons that contribute to the pulse. The pulses with variable amplitudes add counts to
the spectral background continuum, and the photons that participate in pileup are lost, in the
sense that they contribute to the spectral background instead of a peak. Consequently, as pileup
events increase in frequency, the spectral peaks become more and more obscure. Because peak
counts are lost, the peak intensities are no longer proportional to the source concentrations.

Two tungsten shields that can be used individually or in combination are available to extend the
range of the high rate detector. One is a 0.31-inch (in.)-thick tungsten pipe sleeve, designated as
the external shield, that fits over the sonde housing. The other is a 0.7-in.-thick tungsten “cup,”
designated as the internal shield, that fits over the high rate detector, filling the excess space
inside the sonde normally occupied by the SGLS detector. By using the shields individually or
in combination, the measurement range of the high rate detector can be extended from several
thousand picocuries per gram without shiclding to about 100 million pCi/g using maximum
shielding.

The HRLS presented a particularly difficult calibration challenge. Construction of test zones
with uniformly distributed gamma-emitting radionuclides at high activity levels is not practical,
for reasons of personnel exposure, cost, long-term surveillance requirements, and disposal.
Hence, the calibration had to be carried out using existing calibration models. As a result, the
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relative degree of uncertainty for measurements made with the high rate tool is significantly
higher than the uncertainty in the SGLS data. DOE (1999) describes the calibration in detail.

For the SGLS, dead time, casing, and water corrections are computed by the analytical software
and the output values are concentrations in picocuries per gram. However, it was not practical to
collect data for determination of casing and water correction factors for the HRLS. Only a dead
time correction is applied to high rate data by the analysis software. Depending on the borehole
configuration and whether or not shields were used, it may be necessary to apply correction
factors to the data after processing is completed.

Calibration measurements for the HRLS were made with a 0.28-in. steel sleeve in place over the
sonde to simulate the effects of 6-in. schedule-40 casing, which is the most common borehole
casing used in Hanford tank farm boreholes. HRLS data accurately reflect contaminant
concentrations in unsaturated intervals with 6-in. schedule-40 casing. When other casing
configurations are present, a correction factor must be applied. The correction factor is
determined by calculating the attenuation for the assumed casing thickness relative to attenuation
associated with a 0.28-in. thickness of steel. No water correction factor is available.

When shields are used, an additional correction factor must be applied. Factors were determined
for all three shield configurations (internal shield, external shield, and both shields) from field
measurements of '*’Cs activity at 662 kilo-electron volts (keV) collected from borehole 30-05-07
inside of C Tank Farm. Shield correction factors for other energy levels can be determined by
extrapolation of relative attenuation calculations.

1¥Cs was the only radionuclide detected with the HRLS in the C Tank Farm. All boreholes
logged by the HRLS in the C Tank Farm appear to have had 6-in. schedule-40 casing. High rate
data correction factors for *’Cs (662 keV) are provided in the following table:

6-in. Casing Internal Shield | External Shield | Both Shields

1.000 27.42 3.758 96.40

2.2 Repeat Logging

Repeat logging using the SGLS and HRLS is useful to evaluate possible contaminant movement
over time by comparing concentration data. A sufficient amount of time has not passed since the
implementation of the HRLS to collect repeat data that would provide meaningful comparisons.
Repeat logging using the SGLS was only conducted in two boreholes. Unfortunately, little data
are available for a reliable assessment of recent movement because routine gross gamma logging
was discontinued in 1994. However, ORP is planning to initiate a spectral gamma monitoring
program in fiscal year (FY) 2001 that will assess and track any potential and/or ongoing
contaminant movement for selected drywells in the C Tank Farm.
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2.2.1 Spectral Gamma Logging System (SGLS)

Repeat logging was performed for two borehole intervals in the C Tank Farm using the SGLS.
One of these boreholes was selected for repeat logging primarily because of a zone that exhibited
an elevated total gamma count rate in the absence of significant concentrations of radionuclides.
The other borehole was selected for repeat logging to investigate the possibility of recent
contaminant movement. The repeat logging typically was performed with longer counting times
over limited depth intervals. Plots of repeat logging data are presented in Appendix B. To
provide for proper comparison of log data between the original baseline and the repeat logging,
concentrations were normalized for decay. No repeat logging data were included in the
development of the C Tank Farm contaminant visualizations.

2.2.2 Historical Gross Gamma Logging

Routine gross gamma logs were routinely run in C Tank Farm boreholes prior to 1994, and
historical gross gamma data are available in electronic format from 1975 to 1994. To date, only
a limited evaluation of historical data has been performed. A comprehensive assessment of
historical data has not yet been performed for this tank farm. Evaluation of historical data has
been shown to be valuable in identifying borehole intervals where gamma anomalies have
existed in the past. Increases or instability in gamma activity levels may be an indication of
subsurface contaminant movement. However, analysis of historical data is beyond the scope of
this project.

3.0 Discussion of Results

3.1 High Rate Logging

.Lo'gging was conducted using the HRLS in all borehole intervals where the original SGLS logs

indicated high dead times or zones of detector saturation resulting from very high gamma fluxes.
The SGLS provides reliable results from background levels up to several thousand picocuries per
gram. However, zones of more intense radiation were encountered around a few boreholes in
which dead times became excessive or the detector became saturated. The HRLS detected '*’Cs
as the primary radionuclide in all but one of these intervals.

Table A-1 (Appendix A) summarizes high rate logging data for the C Tank Farm. Included in
the table are the depth intervals of each log run. A log run refers to a single sequential set of log
data collected during a borehole logging event. Multiple log runs may occur, for example, when
using different shield configurations or when logging is terminated at the end of a day and
resumed the next day. Depth overlaps (1 ft) typically occur between two log runs. The shield
configuration and the corresponding correction factors for each log run are also listed on the
table. The comments column of the table generally includes a brief description of the maximum
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concentration detected and the date to which the HRLS data were corrected for decay. A list of
the specific HRLS data points used to create the interpreted HRLS data set is also included in
these comments. The interpreted HRLS data set is the high rate data that were added to the
baseline SGLS data.

7Cs concentration valtues calculated from the high rate data are presented on plots for each
borehole (Figures A-1, A-2, and A-3, Appendix A). All HRLS ""Cs concentration values have
been corrected for decay to the date of the SGLS baseline. Each of these figures includes two
graphs. The graph on the left plots the baseline SGLS data with the interpreted HRLS data to
produce a composite baseline. Intervals of contamination that were removed from the interpreted
data set are noted on this graph. Creation of the interpreted data set will be discussed in more
detail in Section 4.1. The graph on the right plots all the baseline SGLS and HRLS data
collected near the interval logged with the high rate tool. The scale has been expanded to allow
the reader to compare the data.

Figure A-1 includes an additional graph on the far right. This graph displays *’Cs
concentrations calculated from corrected HRLS data that were collected using all shield
configurations in borehole 30-05-07 from 59.0 to 48.0 ft. This interval provided adequate
gamma flux to the detector using all four shield configurations (no shield, external shield,
internal shield, and both shields) to calculate *’Cs concentrations for each configuration. The
uncorrected data (not shown) were used to calculate shield correction factors (Section 2.1) for the
high rate tool.

The legend on each graph separates the data by borehole logging event. Borehole logging events
are designated sequentially as A, B, C, etc. This designation describes separate episodes of data
collection from a borehole. Thus, Event A is the initial logging event and referred to as the
SGLS baseline, while Events B or C are subsequent events that could refer to either repeat or
HRLS logging.

3.2 Repeat Logging

Repeat logging was performed in two borehole intervals in the C Tank Farm. Data were
collected approximately 2 years after the original baseline data were collected in 1997.

Table B-1 (Appendix B) lists all the repeat logging performed in the C Tank Farm using the
SGLS and indicates the zones of investigation in each borehole, the reason for repeat logging,
and an evaluation of the results. Figures B-1 and B-2 (Appendix B) include comparison log plots
for the repeat logging events.

Log results for borehole 30-04-03, included in Figure B-1 (Appendix B) indicated little change in
the contaminant profile. The gamma anomaly between 20 and 30 ft appears to be caused by the
137Cs and cobalt-60 (®Co) concentrations, which shape factor analysis suggests may be remote
from the borehole. Remote contaminants tend to cause a disproportional increase in the total
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count rate when compared to the increase of the contaminant concentration. This increase is due
to the additional Compton scattering caused by the increased source to detector spacing.

Repeat log results for borehole 30-06-10 are shown in Figure B-2. The primary interval of
interest in this borehole is the °Co plume detected below approximately 86 ft. Prior to the
SGLS baseline logging, this borehole had been logged in 1993 by the Westinghouse Geophysics
Group with the Radionuclide Logging System (RLS), which is comparable to the SGLS. On
April 16, 1993, the maximum depth at which ®Co was detected with the RLS was 112.0 ft.
When SGLS baseline logging was conducted on January 29, 1997, ®Co was detected at a
maximum depth of 116.5 ft. By March 3, 1999, SGLS repeat logging detected *°Co to a depth of
123.5 ft. From 86 ft to about 108 ft, *°Co levels appear to be relatively constant, after correcting
for decay. Below 108 ft, however, ®Co levels are clearly increasing over time, strongly
suggesting that either ®°Co is migrating downward in the vicinity of the borehole or that lateral
migration is occurring. Although count rates were relatively low, and there is significant “noise”
in the data, a cursory examination of historical gross gamma data indicates that an anomaly was
evident in this interval as early as 1984. Gross gamma data were averaged over 5-ft intervals and
plotted as a function of time. These plots are included in Appendix B. For the 85- to 90-ft
interval, gross count levels appear to increase in early 1984. Successive 5-ft intervals clearly
show the increase occurring at a later time, suggesting downward migration. The downward
migration rate appears to be increasing. This interval appears to correlate with *°Co detected at a
higher elevation to the west between tanks C-108 and C-109, and at a similar depth in

borehole 30-06-12.

3.3 Changes to the Interpreted Data Set

The original interpreted data set presented in the C Tank Farm Report was updated by adding the
high rate data to zones of SGLS detector saturation. The results of shape factor analysis were
used to identify and eliminate intervals from the data set used to create the original visualizations
where contamination is attributable to borehole effects. Intervals that were removed from the
original data set are indicated in black on the interpreted data set plots included in Appendix C.
The shape factor results were re-assessed and additional intervals were determined to be the
result of borehole effects. This tank farm appears to have experienced surface flooding events in
the past that may have resulted in surface contamination being carried down the outside of the
boreholes. These changes are indicated in red italics on the correlation plots included in
Appendix C. In addition, a few occurrences of uranium-235 (#°U) that were originally reported
in the C Tank Farm Report have been removed from the data set. Further analysis has concluded
these peaks of 2°U were erroneously selected by the analysis software.

Table C-1 (Appendix C) includes the rationale for removing specific depth intervals from the
interpreted data set used to create the three-dimensional visualizations. Plots of boreholes
surrounding each tank are also included in Appendix C to provide a visual representation of the
contaminated intervals.
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4.0 Three-Dimensional Visualizations

An objective of this addendum is to create revised three-dimensional visualizations of the major
contamination plumes within the vadose zone in the vicinity of the C Tank Farm and to present
views derived from those visualizations. *’Cs, ®Co, '**Eu, and "*?Eu were all detected in the

C Tank Farm. Visualizations were created for each of these radionuclides except 2Eu, which
occurs in association with '**Eu. The development of the geostatistical models and the resulting
visualizations are described in the C Tank Farm Report. The software package from C Tech
Development Corporation called “Environmental Visualization System” (EVS) was used to
create the visualizations in both the original C Tank Farm Report and in this addendum.
Improvements to the data input and calculation parameters implemented since the original report
will be described in the following sections.

4.1 Interpreted Data Set

The first step in the visualization process is to create an interpreted data set that represents the
input to the kriging process. This data set consists of the original interpreted data set presented
in the C Tank Farm Report with the HRLS data added and contamination intervals removed that
are judged to be localized to the borehole and thus not representative of the subsurface
contaminant distributton.

All baseline SGLS data collected during 1997 in the C Tank Farm have been updated in this
addendum to reflect current analysis practices and procedures. In addition, insights gained
during the Expert Panel discussions have aided in judging the nature of subsurface contaminant
distribution as detected by the SGLS and HRLS.

The baseline concentration values presented in the interpreted data set have not been corrected
for decay, and therefore represent their 1997 values. Correcting for decay to the present would
have resulted in many occurrences of the shorter lived isotopes being portrayed at values below
the current minimum detection level (MDL). High rate data collected in 1999 are adjusted for
decay back to 1997.

Construction of the interpreted data set begins by creating a text file that contains all individual
measurements from the SGLS and HRLS data. The data set includes the horizontal coordinates
and depth of each data point and the concentration value at that point. The data set is edited to
remove borehole intervals identified as non-representative, and to add HRLS data to zones of
SGLS detector saturation.

4.2 Development of Three-Dimensional Visualizations
The total data domain of the calculations included all vadose zone boreholes within the C Tank

Farm with the exception of boreholes 30-00-11, 30-00-13, 30-00-22, and 30-00-24, which
monitor accessory facilities located away from the tanks. Figure 2 shows the locations of these
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four boreholes, surrounding groundwater monitoring wells, and adjacent waste sites. The
domain of the C Tank Farm was extended in the north-south and east-west directions to include
the maximum and minimum borehole coordinate values. Borehole depths were converted to
elevations, and the vertical parameter of the domain was set to include the highest and lowest
sample points.

The original visualizations utilized an adaptive gridding option that produces a model that
contains estimated values everywhere inside a rectangular domain. A convex hull boundary
option was selected to produce the visualizations shown in this addendum. This option produces
an irregular boundary that is defined by the distribution of measured data points, and restricts the
extrapolation of concentration values to that volume in the immediate vicinity of the data points.

The interpreted data set consists of measurement data at 0.5-ft intervals in vertical boreholes with
a lateral separation generally on the order of tens of feet, resulting in a much greater data density
in the vertical direction compared to the horizontal direction. To minimize processing time,
search routines in the kriging algorithm utilize a limited number of data points closest to the
calculation point. This creates a situation in which a contaminated interval in a borehole tends to
have an undue effect on nearby points, because adjacent points in a single borehole are closer
than points from another borehole, and the data search routine is terminated after collecting the
maximum number of data points, frequently all from a single borehole. To offset this effect, data
points in individual boreholes were averaged over 5-ft intervals, significantly reducing the size of
the input data set and the processing time. More importantly, it “forces” the search algorithm to
bring in data from multiple boreholes at most calculation points, resulting in a more realistic
extrapolation of concentration values into the region between boreholes. To maintain fidelity to
the original data, sphere plots and other representations of measurement data are based on the
interpreted data set, which contains actual values at 0.5-ft vertical increments.

4.2.1 Geostatistical Model

The EVS software determines geostatistical structure by calculating three-dimensional
variograms that are plots of the variance of the data as a function of the distance between data
points. The variogram is described by two parameters, the range and sill. The range is the
distance beyond which the data points are no longer correlated (i.e., they are independent of one
another), and the sill is the variance of all the data.

For the C Tank Farm, the data did not show any significant decrease in variance as the data
point-spacing decreased, implying that spatial correlation is poor and that more closely spaced
data points are required to assess spatial variability. As a result, the geostatistical model takes on
the form of the simple global variance value.
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4.2.2 Three-Dimensional Plume Calculation and Visualizations

Kriging was used to estimate the contaminant concentration at points on a three-dimensional
grid. Once this concentration grid was developed, visualizations of the estimated concentration
of each radionuclide could be produced in the form of a solid surface model. The visualization
can be moved, rotated, and viewed from any angle or direction; color printouts can also

be produced.

The kriging process calculates the average radionuclide concentrations of a volume of sediment
by using the information from nearby sample points. The influence of each sample point is
determined by proximity, and weighting factors are based on the geostatistical structure.

The kriging software applies a horizontal-to-vertical anisotropy ratio that allows the user to
influence the “fabric” of the data set. The anisotropy ratio applies a biased weighting to data
points in horizontal and vertical directions from a given data node. The program default is 10,
which means that data points a given distance in the horizontal direction from a node will have
an influence 10 times greater than data points at the same distance in a vertical direction.
Analyses were performed at several anisotropy values and the value that yielded results that
appeared to best represent the measured distributions of each radionuclide was determined
through trial and error. An anisotropy value of 4 was selected for the '*’Cs, ®Co, and *“Eu
plume calculations.

The MDLs for '*’Cs, ®Co, and **Eu were generally between 0.1 and 1.0 pCi/g. In the
preprocessing module, a value of 0.01 pCi/g was substituted for non-detects for each
radionuclide in the data file, allowing the presence of non-detects in the data set to have an
impact on computation of nodal values during the kriging process. During post-processing,
values less than 0.1 pCi/g for '*'Cs, ®Co, and '**Eu were ignored.

During the kriging process, grids are constructed to encompass all data points in three-
dimensional space. The horizontal extent of the grid is governed by the positions of the
boreholes. The model does not extrapolate beyond the extent of either the range value or the
kriging limit. As a result, both the grid and the associated visualizations can extend only to the
maximum depth of the boreholes and the extent of the range.

In the visualization process, solid surfaces are created by connecting the three-dimensional points
in space that have equal concentrations. The outermost solid surface of the plume is defined by a
user-selected contamination threshold value or isolevel. To view an inner surface, a cut section
is inserted through the solid surface plume. As the isolevel is increased, progressively higher
radionuclide concentration surfaces can be visualized. Where a low concentration volume
surrounds a zone of higher concentration, a cut surface is helpful in visualizing the variation in
concentration.
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Tanks were portrayed by creating solid three-dimensional surfaces at the location of the tank
centers. In regions occupied by tanks, the model does not insert a contamination barrier so that
contamination in a borehole can have some influence on concentrations on the opposite side of
the tank. In a geostatistical estimation calculation, the closest boreholes will have the greatest
influence and the model will be close to the actual distribution, except for areas where there are
few or no boreholes.

4.3 Potential Uncertainties and Inaccuracies

The visualizations presented in this report are based on estimated radionuclide values as
determined by geostatistical estimation (kriging) procedures applied to an interpreted data set
that has been averaged over 5-ft depth intervals. In addition to the uncertainties associated with
geostatistical estimation applied to an interpreted and averaged data set, there are other sources of
uncertainty that must be considered. These include uncertainties in the assay calculation process
as well as counting error. The uncertainty in assay calculation is discussed in the base calibration
report (DOE 1995) and subsequent recalibration reports. It is estimated by combining errors
associated with the calibration efficiency determination, counting statistics of the calibration
measurements, and uncertainties in the model concentration values. The counting error is
associated with the random nature of the radioactive decay process.

Potential model inaccuracies may also result from zones of high **’Cs concentrations (and
resultant detector saturation). Where SGLS detector saturation occurred in the original baseline,
no concentration values could be calculated, or they were highly suspect. Therefore, a value of
8,000 pCi/g was placed in the database for kriging operations. In this addendum, concentration
values computed from high rate log data were substituted in the previously saturated intervals.
However, other radionuclides may not have been detected in zones of detector saturation, and
may thus be under-represented in the interpreted data set and the visualizations, if they are not
present in sufficient concentrations to be detected by the HRLS.

The calibration of the logging system assumes contamination uniformly distributed in a
homogeneous medium that is effectively infinite in extent relative to the detector in both
horizontal and vertical directions. This assumption is valid for most situations except at the very
top and the bottom of the boreholes or where the concentration changes rapidly with depth or
distance from the borehole. The data acquisition interval used to log the C Tank Farm boreholes
(0.5 ft) provides adequate spatial resolution to characterize the situations where the
contamination is not homogeneous in the vertical dimension.

Most inaccuracies or errors in the visualizations are insignificant compared to the inaccuracy
caused by the introduction of contamination along the borehole and the generation of so-called
false plumes. However, the potential for the generation of a false plume from contaminated
boreholes is considered during the interpretation process. Specific borehole intervals suspected
to be primarily borehole contamination have been removed from the interpreted data set as
discussed previously.
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The visualizations are intended to provide the reader with an understanding of how gamma-
emitting contaminants that have leaked from the tanks may be distributed in the vadose zone
sediments. A valuable attribute of the visualizations is that they can be utilized to define areas of
concern in which to focus future characterization and monitoring efforts.

The radionuclide contamination plumes presented in the visualizations were evaluated by
comparing the visualizations with the spectral gamma-ray log data from the individual
monitoring boreholes surrounding the tanks. The interpretation of each plume or group of
plumes is discussed in Section 4.4.

4.4 Discussion of Visualizations

The following section presents a discussion of the visualizations created with the interpreted data
set as discussed in the previous section. The visualizations are provided in Appendix D in the
order in which they are discussed.

Figure D-1 illustrates the *’Cs contamination derived from the interpreted data set for all
boreholes logged in the C Tank Farm. This figure portrays the data values at 0.5-ft intervals as
spheres that are colored and sized to show the relative radionuclide concentration. The
concentrations are presented with logarithmic color scales that range from 0.1 to as high as

10% pCi/g. The borehole numbers are indicated to facilitate correlation of the three-dimensional
representation of the data in the remaining figures with the plan plot and the correlation plots
presented in Appendix C.

Figures D-2 and D-3 portray *°Co and '**Eu, respectively. The logarithmic color scales have also
been changed to reflect the concentration range of each radionuclide.

Figures D-4 through D-16 show horizontal planar slices at various depths in the C Tank Farm.
The slices illustrate the distribution of contaminants that occur at concentrations greater than the
isolevels listed on each figure. The depths of these slices were selected to indicate a balance of
concentration and areal extent of plumes.

The first slice at 2 ft (Figure D-4) shows the distribution of the near-surface contamination
associated with surface spills. The next slice at 8 ft (Figure D-5), near the top of the tanks, shows
fairly wide spread '*’Cs contamination around tanks C-101 through C-106 and near tanks C-107
and C-112. The subsequent slice at 18 ft (Figure D-6), near the depth of the cascade lines, shows
the tops of the two major plumes in the C Tank Farm. Both of these plumes appear to be
associated with cascade lines: one between tanks C-104 and C-105, the other between tanks
C-108 and C-109. The cascade line leak between tanks C-108 and C-109 is inferred from the
data presented in this addendum, as there are no historical references to a cascade line leak
between these tanks. The next slice at 24 ft (Figure D-7) also shows these two plumes and a
small '*¥’Cs plume on the west side of tank C-101, which is an assumed leaker. The '*’Cs near
C-101 may be related to a leak from the spare inlet nozzles located on the west side of this tank.
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The next slice at 38 ft (Figure D-8) is located near the bottom of the tanks. The plume between
C-104 and C-105 continues to this depth. The “*Co on the north side of tank C-112 is thought to
originate from a surface spill that may have migrated down the side of the tank and spread near
its base.

The remaining slices (Figures D-9 through D-16) primarily show contaminant plumes that are
thought to be associated with the two cascade line leaks. The slice from 47 ft shows the two
plumes extrapolated underneath the nearby tanks. The next slice at 56 ft shows similar
distribution of contaminants; however, ®Co is also observed northeast of tank C-109. This ¥Co .
may have migrated under tank C-109 from the cascade line leak. The slice at 68 ft shows the
maximum vertical extent of *’Cs and '"Eu associated with the leak in the cascade line between
tanks C-104 and C-105. The plumes originating between tanks C-108 and C-109 and east of
tank C-105 are shown to spread laterally to the east in the next two slices at 78 and 89 ft. The
slices from 104 and 114 ft suggest that the C-104 to C-105 cascade line leak plume may have
migrated to the northeast corner of the farm near tank C-103. The C-108 to C-109 cascade line
leak plume appears to have migrated between tanks C-109 and C-106 at these depths. The repeat
logging has identified ongoing contaminant movement that intersects borehole 30-06-10 and
appears to be moving downward. The final slice at 125 ft shows the deepest occurrence of ®Co
associated with the C-104 to C-105 cascade line leak that has migrated laterally to the north of
tank C-103. It should be noted that these visualizations represent contaminant distributions as of
1997. Repeat logging of borehole 30-06-10 in 1999 indicated the %*Co between tanks C-106 and
C-109 has migrated down to 123.5 ft. If the visualizations included the repeat data, this extent of
the ®Co plume shown on the 125-ft slice would have been significantly greater.

Figures D-17 through D-19 are three-dimensional visualizations that illustrate contamination
plumes for each major radionuclide within the vadose zone at the C Tank Farm. The figures
show the plumes created with the EVS software superimposed over the SGLS and HRLS data
from the interpreted data set. In these figures, the plumes are presented with a degree of
transparency to view the data that define the plume. Figures D-17 and D-18 show the '*’Cs and
%Co plumes, respectively. Both figures are viewed looking up at the tanks from the south. In
Figure D-18, the progression of **Co plumes downward and to the east is clearly evident.
Figure D-19 shows the '**Eu plumes viewed from the south looking down on the tanks.

The final two visualizations, Figures D-20 and D-21, show the plumes associated with the two
cascade line leaks in the vicinity of tanks C-104 through C-109. Figure D-20 exposes the interior
of the plume associated with the C-104 to C-105 cascade line leak. It is viewed from the south of
tanks C-104, -105, and -106 looking up at the tanks and is cut by two vertical planes. One
vertical plane trends southwest-northeast and passes through tanks C-104, -105, and -106. The
other plane trends north-south and passes just west of tank C-106. Figure D-21 exposes the
interior of the plume associated with the C-108 to C-109 cascade line leak. It is viewed from the
north of tanks C-107, -108, and -109 looking up at the tanks and is cut by a vertical plane passing
through tanks C-107, -108, and -109. Together, the two figures allow the reader to visualize the
structure and extent of these plumes.
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4.5 Contaminated Volume and Total Activity Estimate

With completion of the revised visualizations, it became possible to calculate an estimate of the
volume of contaminated soil and total activity inventory as a function of contaminant threshold
level within the plumes shown in the C Tank Farm visualizations. Volume estimates are
prepared by numerically integrating the volume within the specified isosurface. Contaminant
inventories (in Curies) are calculated by numerically integrating the total mass within the
isosurface. The total activity for each volumetric element is determined by multiplying the
specific activity (concentration) in picocuries per gram by the mass per volume (density) for each
element. A density of 1.8 g/cm® was assumed in the volume calculation.

These estimates are based on the kriged values extrapolated from the interpreted data set, where
concentration values have been averaged over 5-ft intervals. They represent the volumes of the
contaminated formation and total radioactivity for “’Cs, %Co, and "*Eu. The total activity
represents values at the time of the baseline logging in 1997. The activities have not been
corrected for decay. These estimates are based entirely on the data from the baseline spectral
gamma characterization program (SGLS), with HRLS data included in zones of detector
saturation. The data sets used for the volume and total activity inventory estimates did not
included any data from historical gross gamma logs, or any soil sample data.

The contribution from *°Co and '**Eu may be underestimated because these data are not always
measured accurately by the HRLS in zones of high gamma flux. A further limitation of this
inventory is that no data are available from directly under the tanks where presumably the
highest concentrations of radionuclides would exist. In addition, substantial contamination may
exist in the vadose zone at depths below the bottoms of many of the boreholes.

The table below lists the threshold levels, the contaminated soil volume, and total activity that
occurs at or above each level for *’Cs, %°Co, and **Eu.

Contaminant Contaminated Volume Total Activity

Contaminant Threshold (pCi/g) (Cubic Meters) {Curies)
0.5 18,260 7.32
5 6,118 7.22
50 1,214 6.94
cs 500 459 6.34
5,000 179 4.89
10,000 113 3.95
20,000 59.9 2.7

25,000 46.9 229
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Contaminant Contaminated Volume Total Activity
Contaminant Threshold (pCi/g) (Cubic Meters) (Curies)
0.1 19,740 6.76 x 107
03 2,527 2.42 x 102
“Co 6.5 1,063 1.51 x 107
1 288 6.85 x 107
5.10 x 107
*Eu 0.3 141 8.71 x 107 "
0.4 83 6,19 x 10~ "

5.0 Conclusions

The purpose of this addendum is to provide an update to the original C Tank Farm Report that
was issued in 1998. The essential interpretations and conclusions in the original report are
unchanged. However, since the original report was issued, knowledge has been gained that
provides a more complete framework by which the contaminant distribution can be viewed. In
addition, enhancements to the data collection and analysis process have been made since the

C Tank Farm Report was issued. Some of the more important improvements in the
understanding of the log data have resulted from the following:

» Although re-evaluation of shape factor results and other data provided justification for
eliminating many borehole contamination intervals from the interpreted data set, most
intervals of significant contamination remain.

e Contamination associated with gamma-emitting radionuclides does exist in the formation at
significant depth (at least 125 ft).

» Repeat logging using the SGLS has allowed for identification and quantitative determination
of concentration increases. Moreover, it is evident that contaminant migration within the
C Tank Farm is ongoing.

» High rate geophysical logging has allowed determination of maximum concentrations in
contamination plumes, providing an improved basis to estimate the volume of contaminated
soil and contaminant inventory in the vadose zone. It also provides a method for future
quantitative comparisons of contaminant movement in high gamma flux zones using repeat
logging if a monitoring program is implemented.

Re-evaluation of existing data, integration of the high rate data, and re-calculation of the spatial
distribution based on the revised interpreted data set have resulted in an improved visualization
of subsurface contaminant distribution in the C Tank Farm. Conclusions stated in the original
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C Tank Farm Report remain appropriate and will not be entirely reiterated. However, one
finding of major significance is that evaluation of repeat logging data indicate that °°Co
movement through the vadose zone has occurred in the past and appears to be continuing. This
conclusion 1s also supported by a limited review of historical gross gamma data. Unfortunately,
little data are available for a reliable assessment of recent movement because routine gross
gamma logging was discontinued in 1994. However, ORP is planning to initiate a spectral
gamma monitoring program in fiscal year (FY) 2001 that will assess and track any potential
and/or ongoing contaminant movement for selected drywells in the C Tank Farm.

There appears to be little contamination around tanks C-110 and C-111, both of which are
assumed leakers. Leak volume estimates for these tanks are 2,000 and 5,500 gal, respectively
(Hanlon 2000). The contaminants from these tanks may have migrated downward and did not
reach the lateral extent necessary to be intersected by the surrounding monitoring boreholes.
Historical logs from one borehole (30-10-09) near tank C-110 did show elevated count rate
below the bottom of the tank. This activity decayed to background by 1978 and probably
represents shorter lived isotopes that may have resulted from a tank leak prior to 1975.
Historical logs near tank C-111 showed no evidence of a past leak from this tank.

Tank C-101 is also designated an assumed leaker, with an estimated leak volume of 20,000 gal
(Hanlon 2000). However, there appeats to be relatively little evidence of subsurface vadose
contamination in the vicinity of this tank. The contamination associated with the tank C-101
leak appears to be held very near the tank itself and may not be well-represented in the baseline
data collected from the monitoring boreholes.

The large plume originating between tanks C-104 and C-105 appears to be from the cascade line
connecting these two tanks. It is possible that one or both of these tanks may have leaked, but
the apparent depth and location of the suspected origin of the plume suggest that the most likely
source is the cascade line. This plume appears to have migrated downward and eastward of tank
C-103 to a depth of at least 125 ft. The maximum depth of this plume in the vicinity of its source
is questionable because of the limited depth of boreholes in that area.

A second large plume near tanks C-108 and C-109 also appears to have originated between the
two tanks near the location of a cascade line. However, no reference supporting this conclusion
could be located. This plume also appears to have migrated to the east and to a depth of at least
125 ft. Repeat logging data from borehole 30-06-10 indicate that downward and possibly lateral
movement within this plume was continuing as late as March 1999. The distributions of
contaminants related to both of these large plumes appear to be controlled at least in part by
stratigraphic features.

6.0 Recommendations

Recommendations included in the original C Tank Farm Report have not substantially changed.
Areas where recommendations have been implemented have resulted in improvements in the
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understanding of the nature and extent of vadose zone contamination in the C Tank Farm. Two
areas have been particularly useful in providing the updates in this addendum. These include the
introduction of high rate logging and repeat SGLS logging.

The baseline data reported in the C Tank Farm Report and in this addendum have provided an
indication of the nature and extent of subsurface contamination associated with gamma-emitting
radionuclides. The gross gamma logging program was terminated in 1994, and little new data
are available to assess continuing migration. Limited repeat logging data from the SGLS clearly
show continuing contaminant migration as late as March 1999. ORP is currently planning to
initiate a spectral gamma monitoring program in FY 2001 that will assess and track any potential
and/or ongoing contaminant movement for selected drywells in the C Tank Farm. The
monitoring program will identify the extent of continuing contaminant migration, and will
provide data that can be used to verify contaminant transport models. It is not necessary to
monitor all boreholes; the C Tank Farm baseline data clearly indicate where monitoring data are
required and provide guidance as to measurement frequency.

Moisture logging in boreholes in the C Tank Farm would provide valuable data regarding the
presence of moisture in the vadose zone, which may be a controlling factor for contaminant
migration.

Although gross gamma count rates are relatively low, a brief examination of historical gross
gamma data from borehole 30-06-10 clearly shows initiation of contamination between 85 and
90 ft in early 1984, with increasing contamination in lower intervals occurring in subsequent
years. This behavior is confirmed by RLS and SGLS data collected in 1993, 1997, and 1999. A
thorough evaluation of historical gross gamma data for the C Tank Farm should be performed.

In addition, borehole logs and other available geologic data should be studied to obtain a detailed
understanding of stratigraphy. The two major plumes in the C Tank Farm exhibit both lateral
and downward migration that appears to be currently active. Integration of historical gross
gamma data and geologic conditions may provide important information on contaminant
migration rates and the effects of stratigraphy and geologic conditions in contaminant migration.
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Appendix A
Summary of High Rate Logging Results
for the C Tank Farm




Table A-1. Summary of High Rate Logging Results for the C Tank Farm

"""" Log Run Shield/
Borehole Depth Correction
Number Interval (ft) Factor * Comments
) 30.0- 35.5 NS/1.00 ,
*'Cs was identified from 67.0 to 33.5 ft. The highest
345-425 NS/1,00 concentration (107 pCi/g) occurs at 37.5 ft.
35.0-67.0 BS§/96.4 All shield configurations were used from 59.0 to 48.0 ft to
30-05-07 415 - 46.0 NS/1.00 provide calibration data used to calculate shield correction
- factors.
45.0-67.0 NS/1.00
The HRLS '"Cs data added to the baseline data: 34.0 - 35.5 ft
N 48.0-59.0 ES/3.758 HRLS "*'Cs (w/no shield); 36.0 - 41.0 ft HRLS “"Cs (w/both
shields); 41.5 - 67.0 ft HRLS '*’Cs (w/no shield).
48.0 - 59.0 18/27.42
"¥’Cs was identified from 1.0 to 4.0 ft. The highest
concentration (10° pCi/g) occurs at 2.5 ft.
30-07-11 0.0-5.0 NS/1.00 %Eu likely occurs in the high rate interval.
The HRLS "Cs data added to the baseline data: 1.5- 3.5 ft
HRLS ¥’Cs (w/no shield).
30-12-13 8.0 12.0 NS/1.00 No man-madg? radionuclides identified in th'e hl_gh rate
spectra. Possible remote source such as a pipeline.

* Shieid configuration options: NS - No shield; ES - External shield; IS - Intemnal shield; BS - Both shields

DOE/Grand Junction Office

September 2000
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Appendix B
Summary of Repeat Logging Results
for the C Tank Farm




Table B-1. Summary of Repeat Logging Results for the C Tank Farm

Borehole Depth
Number | Interval (ft)

Reason
for Repeat *

Logging Unit &
{count time)

Baseline Repeat

Evaluation

30-04-03 20.0-30.0

TGA

GlA G2B
(100 5) (200 s)

No change in contaminant concentration
or distribution. Gamma anomaly appears
to be due to remote *’Cs and *Co.

30-06-10 75.0-129.0

M

G2A G2B
(100 s) (100 5)

Increases in “*Co concentration are evident
in comparison of RLS data from 1993,
SGLS baseline data (1997), and SGLS
repeat data (1999),

* Reason for Repeat: CM - Suspected contaminant movement; TGA - Total gamma anomaly

DOE/Grand Junction Office
September 2000

Addendum to the C Tank Farm Report
Page B-2
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Appendix C
Summary of the Interpreted Data Set
for the C Tank Farm




Table C-1. Summary of Interpreted Data Set for the C Tank Farm

Borehole Depth
Number Interval (ft) | Source® SFA* Disposition/Comments
00-1.5 sse R Included ¥7Cs.
Removed “’Cs; appears to be dragdown.*
- c d g ¥
20-43.0 BE*& P* | Inc. Included ¥Co; correlates w/other boreholes.
30-01-01 :
43.5-97.0 None Ina!} No man-made contaminants detected.
97.5-98.0 BE Ina. Bemoved 13Cs; probably particulate contamination that fell
in from the ground surface.
0.0-35 SS Df Included "'Cs.
40-305 BE Ina. Removed “*Cs; appears to be dragdown *
31.0-345 None Ina. No man-made contaminants detected.
35.0-1385 P D Included *’Cs and ®Co; possible C-101 tank leak.
30-01-06 |390.550 None Ina. No man-made contaminants detected.
55.5 BE Ina. Removed "*'Cs; appears to be dragdown.*
56.0-97.0 None Ina. No man-made contaminants detected.
137 - - . f
97.5-93.5 BE Ina. !.{emoved Cs; probably particulate contamination that fell
in from the ground surface.
0.0-25 S8 Ina, Included ©7Cs.
3.0-5.0 BE Ina. Removed “’Cs; appears to be dragdown.
30-00-06
5.5-56.5 None Ina. No man-made contaminants detected.
57.0-111.0 | BE Ina. Removed *"Cs and **Co; perforated casing.
0.0-4.0 SS D Included '*’Cs.
30-01-09 | 45-17.0 BE Ina. Removed Y'Cs; appears to be dragdown.*
17.5-24.0 Neone | Ina. No man-made contaminants detected.

* Source - Source of contamination in judgment of analyst.

bSS- Surface spill

*BE - Borehole effects (e.g., dragdown, inside/outside casing contamination.)
4P - Plume of contamination.

®*SFA - Shape Factor Analysis

D - Contamination distributed in formation.

®Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
" Local - Contamination is confined to the vicinity of the borehole casing.

'R - Contamination is remote from the borehole.

iIna. - Inapplicable to apply SFA in this instance.

* - indicates changes to original interpreted data set presented in C Tank Farm Report.

DOE/Grand Junction Office ' Addendum to the C Tank Farm Report
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Tabfe C-1 (con't.). Summary of Interpreted Data Set for the C Tank Farm

Borehole Depth
Number Interval (ft}) | Source® SFA* _ Dispesition/Comments
137 .+ 60, . 152 154 . H
24.5 - 40.0 P R Included *'Cs; *Co; *2Eu and "*Eu; possible C-101 tank
leak.
38: -;)nl,;{))Q 40.5-97.0 None Ina. No man-made contaminants detected.
137, . 3 H :
975 BE Ina. Bemoved Cs; probably particulate contamination that fell
in from the ground surface.
00-55 Ss D Included "7Cs.
6.0 -40.5 BE Inc. Removed '’Cs; appears to be dragdown.*
- 137, .
30-01-12 41.0-61.5 BE Ina. Removed *'Cs; appears to be dragdown.
62.0-99.0 None Ina. No man-made contaminants detected.
137, . : : H
99.5 BE Ina. Bemoved Cs; probably particulate contamination that feli
in from the ground surface.
00-25 Ss D Included "“'Cs.
30-03-01 | 30-790 BE Local" | Removed '¥'Cs; appears to be dragdown. *

Removed *'Cs; appears to be dragdown.*

79.5-124.5 BE&P Ina. Included **Co; correlates w/other boreholes.

0.0-11.0 SS Ina. Included '*Cs.

11.5-41.0 BE Ina. Removed “’Cs; appears to be dragdown; water filled.*
30-03-03 41.5-845 None Ina. No man-made contaminants detected.

85.0-97.5 P Ina. Included ®Co; correlates w/other boreholes.

Removed *’Cs; probably particulate contamination that fell

98.0 BE na. in from the ground surface.*

00-1.5 Ss D Included ¥7Cs,
30-03-05 | 2.0-24.0 BE Local Removed “Cs; appears to be dragdown. *

24.5-83.5 BE Inc. Removed *'Cs; appears to be dragdown.*

* Source - Source of contamination in judgment of analyst.

b SS- Surface spill

°BE - Borehole effects (e.g., dragdown, inside/outside casing contamination.)
4P - Plume of contamination.

¢SFA - Shape Factor Analysis

D - Contamination distributed in formation.

%Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
®Local - Contamination is confined to the vicinity of the borehole casing.

'R - Contamination is remote from the borehole,

1Ina. - Inapplicable to apply SFA in this instance.

* - indicates changes to original interpreted data set presented in C Tank Farm Report,
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Tahle C-1 {con't.). Summary of Interpreted Data Set for the C Tank Farm

—|
Borehole Depth
Number | Interval {ft) | Source®’ SFA* Disposition/Comments
84.0-97.5 Nene Ina. No man-made contaminants detected.
30-03-05
(on't) |og0-1000 |BE Ina Removed '¥Cs; probably particulate contamination that feli
) ) ) in from the ground surface.
0.0-4.0 SS Ina. Included “"Cs.
45-6.5 BE Ina. Removed ¥"Cs; appears to be dragdown.*
30-00-03 | 7.0-16.5 BE Ina. Removed '*’Cs; appears to be dragdown.
17.0-55.0 None Ina. No man-made contaminants detected.
55.5- 1185 |BE Ina. Removed *'Cs; perforated casing.
Inciuded ¥Cs.
0.0-10.5 S8 b Removed ®Co; appears to be surface shine.*
11.0-62.0 BE Inc. Removed '’Cs; appears to be dragdown.*
30-03-07
62.5-92.0 None Ina. No man-made contaminants detected.
137, . H : H
92.5 - 96.5 BE Ina. g(emoved Cs; probably particulate contamination that fell
in from the ground surface.
Included *"Cs.
0.0-10.0 S8 D Removed "**Eu and 'Eu; appears to be surface shine.*
10.5 -25.0 BE Inc. Removed ¥Cs; appears to be dragdown.*
30-03.09 | 255-295 BE Inc. Removed ¥'Cs; appears to be dragdown.
30,0-61.0 BE Inc. Removed ¥Cs; appears to be dragdown.*
61.5-77.5 BE Ina. Removed *’Cs; appears to be dragdown. *
Removed "'Cs; appears to be dragdown.*
78.0-98.5 BE&Z P lIna. Included *°Co; correlates w/other boreholes.
0.0-5.0 SS D Included '¥'Cs.
30-04-01
55-200 BE Local Removed "'Cs; appears to be dragdown.*

2 Source - Source of contamination in judgment of analyst.

®$S- Surface spill

*BE - Borehole effects (e.g., dragdown, inside/outside casing contamination.)
4P - Plume of contamination.

©SFA - Shape Factor Analysis

D - Contamination distributed in formation.

#nc. - Inconclusive, generally due to low or rapidly changing concentrations.
% Iocal ~ Contamination is confined to the vicinity of the borehole casing.

iR - Contamination is remote from the borehole.

i1na. - Inapplicable to apply SFA in this instance,

* - indicates changes to original interpreted data set presented in C Tank Farm Report.
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Table C-1 (con't.). Summary of Interpreted Data Set for the C Tank Farm

Borehole Depth

Number | [nterval (ft) | Source® SFA~ Disposition/Comments
3((:2:,;0)1 20.5 - 49.0 BE Inc. Removed '¥Cs; appears to be dragdown.*
Included '¥Cs.
0.0-30 58 D Removed ?°U; analytical error.*
85-375 BE Inc. Removed "*’Cs; appears to be dragdown.*

137, . *
38.0 - 68.0 BE&P | Ina. Removed "*'Cs; appears to be dragdown.

30-04-02 Inciuded ®Co; correlates w/other boreholes.
68.5-75.5 BE Inc. Removed “’Cs; appears to be dragdown.*
76.0 - 133.5 None Ina. No man-made contaminants detected.

Removed ""Cs; probably particulate contamination that fell

134.0-134.5 | BE Ina. in from the ground surface.
Included '*'Cs.
0.0-205 S8 b Removed #U; analytical error.*
30-04-03 137 0. :
21.0-27.0 P D&R Included '¥'Cs and *°Co; cascade line leak.

Removed '*'Cs; appears to be dragdown.*

27.5-43.0 BE& P Ina. Included ®Co; correlates w/other boreholes.

0.0-5.0 SS R Included ¥°Cs.
5.5-24.5 BE Inc. Removed *'Cs; appears to be dragdown.*
30-04-04 {25.0-43.0 BE Ina. Removed "*’Cs; appears to be dragdown.
43.5-58.0 BE Inc. Removed "Cs; appears to be dragdown.*
58.5-98.5 BE Ina. Removed '*'Cs; appears to be dragdown.
0.0-13.5 SS D Included *'Cs.
30-04-05 | 14.0-58.0 BE Inc. Removed "*’Cs; appears to be dragdown.*
58.5-69.0 None Ina. No man-made contaminants detected.

* Source - Source of contamination in judgment of analyst.

bSS- Surface spill

*BE - Borehole effects {(¢.g., dragdown, inside/outside casing contamination.)
9P - Plume of contamination.

*SFA - Shape Factor Analysis

D - Contamination distributed in formation.

£Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
*Local - Contamination is confined to the vicinity of the borehole casing.

iR - Contamination is remote from the borehole.

Ina. - Inapplicable to apply SFA in this instance.

* - indicates changes to original interpreted data set presented in C Tank Farm Report.
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Table C-1 {con't.). Summary of Interpreted Data Set for the C Tank Farm

Borehole Depth
Number | Interval(ft) | Source® SFA~ Disposition/Comments
38: _::IO)S 69.5-98.5 BE Ina. Removed "Cs; appears to be dragdown.
0.0-1.5 SS D Included ™*'Cs.
2.0-255 BE Local Removed 7"Cs; appears to be dragdown.*
30-04-08
26.0-70.5 BE Inc. Removed 'Y"Cs; appears to be dragdown.*
71.0 - 143.0 | None Ina. No man-made contaminants detected.
0.0-15 SS Ina. Included *'Cs.
Removed '¥Cs; appears to be dragdown *
2.0-62.0 BE Inc. Included %Co; correlates w/other boreholes.
30-04-12 | 62.5-89.0 BE Ina. Removed '¥Cs; appears to be dragdown.
89.5-134.5 None Ina. No man-made contaminants detected.
137 . . . .
135.0 BE Ina. Bemoved Cs; probably particulate contamination that fell
in from the ground surface.
Included “Cs.
0.0-3.0 S8 D Removed '**Eu; appears to be surface shine.*
30-05-02 {3.5-270 BE Inc. Removed 'YCs; appears to be dragdown.*
Removed '¥'Cs; appears to be dragdown.*
27.5-127.5 BE ina. Included ®Co; correlates w/other boreholes.
0.0-6.0 sS D Included '*'Cs.
- 17 - *
30-05-03 6.5-36.5 BE Inc. Removed *'Cs; appears te be dragdown.
Removed YCs; appears to be dragdown.*
31.0-98.5 BE Ina. Included #Co: correlates w/other boreholes.
30-05-04 | 0.0-2.5 S5 D Included *7Cs.

* Source - Source of contamination in judgment of analyst.

bS8~ Surface spill

°BE - Borehole effects (e.g., dragdown, inside/outside casing contamination. )
4P - Plume of contamination,

¢SFA - Shape Factor Analysis

D - Contamination distributed in formation.

8Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
b Local - Contamination is confined to the vicinity of the barehole casing.

iR - Contamination is remote from the borehole. -

iIna. - Inapplicable to apply SFA in this instance.

* . indicates changes to original interpreted data set presented in C Tank Farm Report.
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Table C-1 (con't.). Summary of Interpreted Data Set for the C Tank Farm

Borehole Depth
Number | Interval (ft) | Source® SFA°® _ Disposition/Comments
30-05-04 Removed "*'Cs; appears to be dragdown.*
{con’t.) 30-1180 BE Ina. Included ®Co; correlates w/other boreholes.
0.0-50 Ss D &R | Included ®'Cs.
137, . *
5.5-84.5 BE Inc. ?erln(:ivzdﬁocc‘s, appfl:ars to }:&e lt;h'a,.;;)down.l
30-05-05 nclude o; correlates w/other boreholes.
85.0-96.5 None Ina. No man-made contaminants detected.
Removed ¥’Cs; appears to be dragdown.*
65.5 - 98.3 BE Ina, Included **Co; correlates w/other boreholes.
Included '*'Cs.
0.0-11.0 58 D Removed 2°U; analytical error.*
30-0506 | 1 5_26.0 BE Inc. Removed '¥Cs; appears to be dragdown.*
26.5-57.5 BE Ina. Removed "*'Cs; appears to be dragdown.*
Included *'Cs.
0.0-11.0 S8 Inc Removed #°U and '"Eu; analytical error.*
11.5-31.0 BE Inc. Removed all; appears to be dragdown.*

Included '¥'Cs; possible cascade line leak.

31.5-33.5 P& BE Inc. Removed **Eu; intermittent occurrences.*

Used HRLS "’Cs (w/no shield).*
30-05-07 340-35.5 P Ina. Included '¥'Cs; possible cascade line leak.*

Used HRLS "7Cs (w/both shields).*

36.0-41.0 P Ina. Included "’Cs; possible cascade line leak.*

Used HRLS ’Cs (w/no shield).

Included *Cs; possible cascade line leak.®

41.5-67.0 p Ina. Included SGLS *Co; '°Eu, and “*Eu; possible cascade
line leak.

Removed #**U; no *®U; analytical error.*

30-05-08 | 0.0-9.5 LR) D Included '*"Cs and *Co.

s Source - Source of contamination in judgment of analyst.

bSS- Surface spill

¢BE - Borehole effects {e.g., dragdown, inside/outside casing contamination.)
4P - Plume of contamination.

*SFA - Shape Factor Analysis

D - Contamination distributed in formation.

tInc. - Inconclusive, generally due to low or rapidly changing concentrations.
h1ocal - Contamination is confined to the vicinity of the borehole casing.

iR - Contamination is remote from the borehole.

ifna. - Inapplicabie to apply SFA in this instance.

* . indicates changes to original interpreted data set presented in C Tank Farm Report.
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Tabhle C-1 (con't.). Summary of Interpreted Data Set for the C Tank Farm

Borehole Depth
Number | Interval (ft) | Source® SFA*" Disposition/Comments
10.0-13.5 BE Inc. Removed "“"Cs; appears to be dragdown.*
14.0 -22.0 P Ina. Included *Cs; ®Co and '™Eu; possible cascade line leak.
30-05-08
(con’t) |22.5-275 BE Ina. Removed '*Cs; appears to be dragdown. *
Removed *'Cs; appears to be dragdown.*
28.0-49.0 BE&P | Inc. Included *Co; possible cascade line leak.
0.0-25 SS R Included “Cs.
3.0-655 BE Inc. Removed “'Cs; appears to be dragdown.*
- 137, .
30-05-09 66.0 - 86.5 BE Ina. Removed '*’Cs; appears to be dragdown.
87.0-100.5 None Ina. No man-made contaminants detected.
137, . : . .
101.0 BE Ina. Bemoved Cs; probably particulate contamination that fell
in from the ground surface,
Included *'Cs.
0.0-2.5 S8 [na. Removed 2°U; analytical error.*
Removed '*Cs; appears to be dragdown.*
3.0-545 BE&P | Ina. Included %°Co; possible cascade line leak.
30-05-10 7
55.0-130.5 BE Ina. Removed *'Cs; appears to be dragdown.
131.0 - 134.0 | None Ina. No man-made contaminants detected.
137 . H . .
1345-1355 | BE Ina. Bemoved Cs; probably particulate contamination that fell
in from the ground surface.
0.0-1.0 SS R Included '*'Cs.
1.5-145 BE Inc. Removed *’Cs; appears to be dragdown.*
30-06-02 | 154.38.0 BE Ina. Removed "*'Cs; appears to be dragdown.
38.5-61.0 BE Ina. Removed '*'Cs; appears to be dragdown.*
61.5-103.5 | None Ina. No man-made contaminants detected.

® Source - Source of contamination in judgment of analyst.

bSS- Surface spill

*BE - Borchole effects (c.g., dragdown, inside/outside casing contamination.)
4P - Plume of contamination.

*SFA - Shape Factor Analysis

D - Contamination distributed in formation.

%Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
*Local - Contamination is confined to the vicinity of the borehole casing.

iR - Contamination is remote from the borehole.

iIna. - Inapplicable to apply SFA in this instance.

* - indicates changes to original interpreted data set presented in C Tank Farm Report.
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Table C-1 (con't). Summary of Interpreted Data Set for the C Tank Farm

N Borehole Depth
Number Interval (ft) | Source® SFA* Disposition/Comments
104.0 BE Ina. Removed "*’Cs; appears to be dragdown.
) 30-06-02 104.5-114.5 | None Ina. No man-made contaminants detected.
’ 7, . . . .
) (con’t.) 115.0-122.5 | BE Ina. ﬁeg:;ei :g(rlzilgl("iosb;l;?; :artlcuiate contamination that fell
0.0-15 Ss Ina. Included *Cs.
- 2.0-235 BE Ina. Removed ¥'Cs; appears to be dragdown.*
30-00-01 1 540-45.0 BE Ina. Removed "Cs; appears to be dragdown.
ss5-67s [ BE | el atperimtme e
- 0.0-15 SS Inc. Included *Cs.
20-76.5 BE Inc. Removed ®'Cs; appears to be dragdown.*

30-06-03 | 770._93.0 None Ina. No man-made contaminants detected.

Removed '¥'Cs; probably particulate contamination that fell

98.3 BE Ina. in from the ground surface.
0.0-8.0 Ss D Included *’Cs.
85-53.0 BE Inec. Removed 'Cs; appears to be dragdown.*
Removed *'Cs; appears to be dragdown.*
30-06-04 33.5-93.0 BE&P | Ina. Included ®Co; correlates w/other boreholes,
93.5-110.5 None Ina. No man-made contaminants detected.
137, . : . .
' 111.0-1295 | BE Ina. Bemoved Cs; probably particulate contamination that fell
. in from the ground surface.
Included ¥*"Cs.
30-06-09 | 0-0-2.0 88 D Removed #°U; analytical error.*
25-170 BE Local Removed ¥'Cs; appears to be dragdown.*

----- ® Source - Source of contamination in judgment of analyst.
®§S- Surface spill
°BE - Borchole effects (e.g., dragdown, inside/outside casing contamination.)
4P - Plume of contamination.
- ©SFA - Shape Factor Analysis
D - Contamination distributed in formation.
%Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
hLocal - Contamination is confined to the vicinity of the borehole casing.
iR - Contamination is remote from the borehole,
$Ina. - Inapplicable to apply SFA in this instance.

- * _ indicates changes to original interpreted data set presented in C Tank Farm Report.
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Table C-1 (con’t.). Summary of Interpreted Data Set for the C Tank Farm

Borehole Depth
Number Interval (ft) | Source® SFA*« Disposition/Comments
Removed *’Cs; appears to be dragdown. *
17.5-405 BE Ina. Included ®Co; correlates w/other boreholes.
41.0-45.5 BE Inc. Removed '¥'Cs; appears to be dragdown *
46.0 - 74.0 BE Ina. Removed *’Cs; appears to be dragdown.*
30-06-09
(con’t) | 745 p Ina. Included ®Co; correlates w/other boreholes.
75.0-90.5 None Ina, No man-made contaminants detected.
137, . . . .
91.0 - 98. BE Ina. Removed Cs; probably particulate contamination that fell
in from the ground surface.
Included ©7Cs.
0.0-3.0 S8 D Removed **U and '**Eu; analytical error.*
55-95 BE Inc. Removed '¥’Cs; appears to be dragdown.*
10.0-37.0 BE Ina. Removed "Cs; appears to be dragdown.
37.5-445 None Ina. No man-made contaminants detected.
_ 1370~ *
30-06-10 45.0-67.5 BE Ina. Removed “'Cs; appears to be dragdown.
68.0-3855 None Ina. No man-made contaminants detected,
' Included ¥Co; repeat logging identified movement;
86.0-1165 | P Ina. correlates w/30-06-12,
117.0-128.0 | None Ina. No man-made contaminants detected.
137, . H z H
1285-129.0 | BE Ina. Bemoved Cs; probably particulate contamination that fell
in from the ground surface.
0.0-1.5 SS D Included *Cs.
30-06-12 B0 »
20-305 BE &P Inc. RemovedGn Cs; appears to be dragdown.
Included “"Co.

* Source - Source of contamination in judgment of analyst.

b $8- Surface spill

*BE - Borehole effects (e.g., dragdown, inside/outside casing contamination.)
P - Plume of contamination.

*SFA - Shape Factor Analysis

fD - Contamination distributed in formation.

8Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
Local - Contamination is confined to the vicinity of the borehole casing.

'R - Contamination is remote from the borehole.

i Ina. - Inapplicable to apply SFA in this instance.

* _ indicates changes to original interpreted data set presented in C Tank Farm Report.
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Table C-1 (con't.). Summary of Interpreted Data Set for the C Tank Farm

Borehole Depth IR i |
Number | Interval (ft) | Source® SFA* Disposition/Comments
137, .
31.0 - 80.0 BE & P Ina. Removedw Cs; appears to be dragdown.*
Included *Co.
30-06-12 | 80.5-89.5 None Ina, No man-made contaminants detected.
{con’t.)
Removed "*"Cs; probably particulate contamination that fell
90.0-99.5 BE&P | Ina in from the ground surface.*
Included ®Co; correlates w/30-06-10.
0.0 BE R Removed *"Cs; appears to be surface shine.*
0.5-695 BE Inc. Removed "Cs; appears to be dragdown.*
30-07-01
70.0 - 88.0 BE Ina. Removed ¥'Cs; appears to be dragdown.
88.5-100.0 None Ina. No man-made contaminants detected.
0.0 BE R Removed “’Cs; appears to be surface shine,*
0.5-30.5 BE Inc. Removed '*'Cs; appears to be dragdown.*
- 137, N *
30-07-02 31.0-43.0 BE Ina. Removed *'Cs; appears to be dragdown.
43.5-98.5 None Ina. No man-made contaminants detected.
137 . : . .
99.0 BE Ina. F{emoved Cs; probably particulate contamination that fell
in from the ground surface.
0.0 BE R Removed Cs; appears to be surface shine.*
30-07-05 { 0.5-76.5 BE Ina. Removed "Cs; appears to be dragdown.*
77.0-99.5 None Ina. No man-made contaminants detected.
0.0-1535 BE Inc. Removed *’Cs; appears to be dragdown.*
16.0 - 58.0 None Ina. No man-made contaminants detected.
30-07-07
58.5.72.0 BE Ina. Removed '*'Cs; appears to be dragdown.*
72.5-98.0 None Ina. No man-made contaminants detected.

* Source - Source of contamination in judgment of analyst.

b 88~ Surface spill

°BE - Borehole effects (e.g., dragdown, inside/outside casing contamination.)
4P - Plume of contamination.

°SFA - Shape Factor Analysis

D - Contamination distributed in formation.

EInc. - Inconclusive, generally due to low or rapidly changing concentrations.
B Local - Contamination is confined to the vicinity of the borehole casing.

'R - Contamination is remote from the borehole.

} Ina. - Inapplicable to apply SFA in this instance.

* - indicates changes to original interpreted data set presented in C Tank Farm Report.

DOE/Grand Junction Office Addendum to the C Tank Farm Report
September 2000 Page C-11




Table C-1 (con't.). Summary of Interpreted Data Set for the C Tank Farm

Borehole Depth “
Number Interval (ft) | Source? SFA® Disposition/Comments
30-07-07 98.5 BE Ina Removed 'YCs; probably particulate contamination that fell
{con’t.) ) " in from the ground surface.
0.0 BE R Removed "“"Cs; appears to be surface shine.*
0.5-28.0 BE Ina. Removed Y’Cs; appears to be dragdown. *
30-07-08 | 28.5-375 None Ina. Ne man-made contaminants detected.
38.0-53.0 BE Ina, Removed "’Cs; appears to be dragdown.
33.5-99.0 None Ina. No man-made contaminants detected.
0.0-1.0 SS R Included '¥'Cs,
1.5-22.0 BE Inc. Removed “'Cs; appears to be dragdown. *
22.5-370 BE Ina. Removed '*'Cs; appears to be dragdown. *
30-07-10
375-775 None Ina. No man-made contaminants detected.
78.0 BE Ina. Removed "Cs; appears to be dragdown.
78.5-98.5 None Ina. No man-made contaminants detected.
00-1.0 SS Ina. Included *'Cs and '*Eu; possibly inside a transfer line.
15-3.5 88 Ina. }rjlf:t;gcilzdm‘-;’s(;:(;i)s(.g{s; is‘):sl?c;g):u'ansfer line.
40-45 sS Ina. };;Cel.l.lded ¥Cs; ¥Co and *'Eu; possibly inside a transfer
30-07-11 | 50-145 Ss D Included "*’Cs; possible transfer line leak.
15.0-16.5 BE Ina. Removed *’Cs; appears to be dragdown.*
17.0-360 BE Ina. Removed *'Cs; appears to be dragdown.
36.5-48.5 None Ina. No man-made contaminants detected.
49.0 -74.5 BE Ina. Removed *'Cs; appears to be dragdown.*

* Source - Source of contamination in judgment of analyst.

b SS- Surface spill

*BE - Borehole effects (e.g., dragdown, inside/outside casing contamination.)
9P - Plume of contamination.

“SFA - Shape Factor Analysis

D - Contamination distributed in formation.

¥ Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
"Local - Contamination is confined to the vicinity of the borehole casing.

{R - Contamination is remote from the borehole.

ilna. - Inapplicable to apply SFA in this instance.

* - indicates changes to original interpreted data set presented in C Tank Farm Report.
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Table C-1 {con’t.). Summary of interpreted Data Set for the C Tank Farm

Borehole Depth

Namber | Interval (ft) | Source® SFA* Disposition/Comments
75.0-94.5 None Ina. No man-made contaminants detected.

30-07-11

(con't) | gs0_975 BE Ina Removed "Cs; probably particulate contamination that fell
) ) ’ in from the ground surface.

0.0-35 S5 D Included '*'Cs and '**Eu; possible transfer line leak.
4.0-18.5 BE Inc. Removed *'Cs; appears to be dragdown.*
19.0-23.0 p R Included '*’Cs and '**Eu; possible transfer line and/or

transfer line leak.

Remaved *’Cs; appears ta be dragdown.*

30-08-02 | 23.5-49.0 BE&P | Ina. Included °Co; possible transfer line leak.

495-79.5 P D Included “Co; possible transfer line leak.
80.0-98.5 None Ina. No man-made contaminants detected.
137, . : . “
99.0 BE Ina. Removed "'Cs; probably particulate contamination that fell

in from the ground surface.

Included '*'Cs.

30-08-03 00-1.0 5§ Ina. Removed *Co and '*Eu; appears to be surface shine.*
1.5-50.0 BE Ina. Removed "Cs and 'Eu; appears to be dragdown.*
0.0 BE R Removed ’Cs; appears to be surface shine.*
0.5-375 BE Inc. Removed ""Cs; appears to be dragdown.*
30-08-12 | 38.0-46.5 None Ina. No man-made contaminants detected.
47.0-72.5 BE Inc. Removed '*’Cs; appears to be dragdown.*
73.0- 98.5 BE Ina. Removed '*'Cs; appears to be dragdown.*
0.0-0.5 BE R Removed "“"Cs; appears to be surface shine.*
30-09-01 | 1.0-125 BE Local Removed '¥'Cs; appears to be dragdown.*
13.0 - 50.0 BE Inc. Removed '*'Cs; appears to be dragdown.*

* Source - Source of contamination in judgment of analyst.

S8~ Surface spill

*BE - Borehole effects (e.g., dragdown, inside/outside casing contamination.)
4P - Plume of contamination.

*SFA - Shape Factor Analysis

fD - Contamination distributed in formation.

EInc. - Inconclusive, generally due to low or rapidly changing concentrations.
"L ocal - Contamination is confined 10 the vicinity of the borehole casing.

'R - Contamination is remote from the borehole.

JIna. - Inapplicable to apply SFA in this instance.

* . indicates changes to original interpreted data set presented in C Tank Farm Report.
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Table C-1 {con't.). Summary of Interpreted Data Set for the C Tank Farm

Borehole Depth

Number | Interval (ft) | Source® SFA*© Disposition/Comments
50.5- 88.5 None Ina. No man-made contaminants detected,

30-09-01

s Removed "Cs; probably particulate contamination that fell
(con’t) | 890-990 BE &P | Ina in from the ground surface.
Included *°Co; correlates w/30-09-02.

0.0 BE R Removed ’Cs; appears to be surface shine *
0.5-13.5 BE Inc. Removed 'Y'Cs; appears to be dragdown.*
14.0 - 47.5 None Ina. No man-made contaminants detected.

Removed “Cs; appears to be dragdown.*

30-09-02 | 48.0-59.0 BE&P | Inc. Included %Co.

59.5-90.5 None Ina. No man-made contaminants detected.

Removed *'Cs; probably particulate contamination that fell
91.0-100.0 BE&P | Ina in from the ground surface.
Included %°Co; correlates w/30-09-01.

Included ¥'Cs.

0.0-10 88 R Removed **U; analytical error.*
1.5-11.0 BE Inc. Removed 'YCs; appears to be dragdown.*
11.5-73.5 BE Ina. Removed ¥’Cs; appears to be dragdown.*
30-09-06 { 74.0-77.5 None Ina. No man-made contaminants detected.
78.0 - 86.0 P Inc, Included *°Co; correlates w/30-09-07.
86.5-97.5 None Ina. No man-made contaminants detected.
: 7. ; oot
98.0 BE Ina. !{emoved Cs; probably particulate contamination that fell
in from the ground surface.
0.0-6.0 sS R Included ''Cs.
30-09-07
6.5-12.5 BE Ina. Removed "*'Cs; appears to be dragdown.*

* Source - Source of contamination in judgment of analyst.

* $S- Surface spill

*BE - Borehole effects (e.g., dragdown, inside/outside casing contaminatio.)
4P . Plume of contamination.

®SFA - Shape Factor Analysis

D - Contamination distributed in formation.

$Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
8] ocal - Contamination is confined to the vicinity of the borehole casing.

iR - Contamination is remote from the borehole.

iIna. - Inapplicable to apply SFA in this instance.

* - indicates changes to original interpreted data set presented in C Tank Farm Report.
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Table C-1 (con't.). Summary of Interpreted Data Set for the C Tank Farm

Borehole Depth
;l Number | Interval (ft) | Source® SFA® Disposition/Comments
13.0-35.5 BE Ina. Removed "Cs; appears to be dragdown.
30-09-07 | 36:0-785 None Ina. No man-made contaminants detected.
(com’t) 1790-920 |P Inc. Included “Co; correlates w/30-09-06.
92.5-124.5 None Ina. No man-made contaminants detected.
0.0-35 Ss D Included *'Cs.
4.0-40.0 BE Local Removed “’Cs; appears to be dragdown.*
30-09-10

Removed '*'Cs; appears to be dragdown.*

405-670 |BE&P |Inc. Included ©Co.

137, .
67.5 - 98.0 BE&P | Ina Removed '*Cs; appears to be dragdown.*

Included *Co.
0.0-05 BE R Removed '*'Cs; appears to be surface shine.*
1.0-13.0 BE Inc. Removed 'Cs; appears to be dragdown.*

30-09-11 13.5-66.5 BE Ina. Removed *'Cs; appears to be dragdown.*
67.0-92.5 None Ina. No man-made contaminants detected.

93.0 - 98.5 BE Ina. &e?::;ei :’g(ssil E;o:;t;g; ;J-articulate contamination that fell
0.0-2.0 S8 D Included '¥'Cs.

30-10-01 | 2.5-19.5 BE Ina. Removed *'Cs; appears to be dragdown.*
20.0-100.0 | None Ina. No man-made contaminants detected.
0.0-5.5 SS D Included *'Cs.

30-10-02 | 6.0-63.5 BE Inc. Removed '*'Cs; appears to be dragdown. *
64.0 - 98.5 None Ina. No man-made contaminants detected,

* Source - Source of contamination in judgment of analyst.

* SS. Surface spill

*BE - Borehole effects (¢.g., dragdown, inside/outside casing contamination.)
4P - Plume of contamination,

¢SFA - Shape Factor Analysis

D - Contamination distributed in formation.

¢ Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
1§ ocal - Contamination is confined to the vicinity of the borehole casing.

iR . Contamination is remote from the borehole.

iIna. - Inapplicable to apply SFA in this instance.

* _ indicates changes to original interpreted data set presented in C Tank Farm Report.
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Table C-1 (con't.). Summary of Interpreted Data Set for the C Tank Farm

Borehole Depth
Number | Interval (ft} | Source® SFA*© . Disposition/Comments
30-10-02 Removed "’Cs; probably particulate contamination that fell
, 99.0 BE Ina. .
{con’t.) in from the ground surface,
0.0-3.5 SS Ina. Included “7Cs.
30-00-09
4.0-575 None Ina. No man-made contaminants detected.
0.0 BE Ina. Removed 'Cs; appears to be surface shine.*
30-10-09 | 0.5-37.5 BE Ina. Removed “"Cs; appears to be dragdown.*
38.0-975 None Ina, No man-made contaminants detected.
0.0-35 SS D Included Cs,
30-10-11
4.0-98.5 None Ina. No man-made contaminants detected.
0.0-6.0 BE Ina. Removed '*’Cs; appears to be dragdown.*
137, . H x
6.5-95 p Ina. gl'cluclt.ad BCs, possible transfer line leak near 241-C-151
30_00_22 1version box.
10.0-18.0 BE Ina. Removed "*Cs; appears to be dragdown.*
18.5-54.0 None Ina. No man-made contaminants detected.
0.0-19.5 BE Ina. Removed *Cs; appears to be dragdown.*
Included "’Cs; historical gross gamma anomaly; possible
30-00-24 1 20.0-22.0 P Ina. transfer line leak near 241-C-153 Diversion Box.
22.5-58.5 BE Ina. Removed “Cs; appears to be dragdown.*
0.0-8.0 BE Ina. Removed "Cs; appears to be dragdown.*
25110 p Ina Included "*’Cs; historical gross gamma anomaly; possible
30-00-11 ) : ' transfer line leak near 241-C-152 Diversion Box.
11.5-17.5 BE Ina, Removed "“"Cs; appears to be dragdown.*
18.0 - 58.5 None Ina. No man-made contaminants detected.

* Source - Source of contamination in judgment of analyst.

bSS- Surface spill

“BE - Borehole effects {(e.g., dragdown, inside/outside casing contamination.)
4P - Plume of contamination.

¢ SFA - Shape Factor Analysis

D - Contamination distributed in formation.

8Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
h I ocal - Contamination is confined to the vicinity of the borehole casing.

IR - Contamination is remote from the borehole.

/Ina. - Inapplicable to apply SFA in this instance.

* . indicates changes to original interpreted data set presented in C Tank Farm Report.

DOE/Grand Junction Office Addendum to the C Tank Farm Report
September 2000 Page C-16




Table C-1 (con't.). Summary of Interpreted Data Set for the C Tank Farm

Borehole Depth
Number Interval (ft) | Source® SFA* Disposition/Comments
0.0 BE R Removed “’Cs; appears to be surface shine.*
0.5-28.0 BE Ina. Removed *'Cs; appears to be dragdown.*
30-11-01 28.5-56.0 BE Ina. Removed *'Cs; appears to be dragdown.
56.5-975 None Ina. No man-made contaminants detected.
08.0 BE Ina. Eleg:n\;e& :;(r?z; g;o:auazla); :articulate contamination that fell
0.0-15 SS Ina. Included “Cs.
2.0-4.5 BE Ina. Removed “'Cs; appears to be dragdown.*
5.0-10.5 None Ina. No man-made contaminants detected.
30-11-05 | 11.0-12.0 BE Ina. Removed ""Cs; appears to be dragdown.
12.5-47.0 None Ina. No man-made contaminants detected.
47.5-545 BE Ina. Removed '*'Cs; appears to be dragdown.*
55.0-99.5 None Ina. No man-made contaminants detected.
0.0-25 58 D Included “Cs.
3.0-12.0 BE Inc. Removed *'Cs; appears to be dragdown.*
12.5-15.5 BE Ina. Removed “’Cs; appears to be dragdown.
30-11-06 | 160-405 BE Inc. Removed 'Cs; appears to be dragdown.*
41.0 - 98.5 None Ina. No man-made contaminants detected.
99.0 BE Ina. ﬁeg::letcl[-l ;”g(;;il ﬁ;o:l?rl:;;)é garticulate contamination that fell
0.0 BE Ina. Removed '*'Cs; appears to be surface shine, *
304109 1.0-15.0 BE Ina. Removed 'Y’Cs; appears to be dragdown.*

* Source - Source of contamination in judgment of analyst.

bS8~ Surface spill
“BE - Borehole effects (e.g., dragdown, inside/outside casing contamination.)
4P - Plume of contamination.
®SFA - Shape Factor Analysis
D - Contamination distributed in formation.
§Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
hLocal - Contamination is confined to the vicinity of the borehole casing,

IR - Contamination is remote from the borehole.

/Ina. - Inapplicable to apply SFA in this instance.

* - indicates changes to original interpreted data set presented in C Tank Farm Report.
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Table C-1 (con't.). Summary of Interpreted Data Set for the C Tank Farm

- Borehole Depth
Number Interval (ft) | Source® SFA* Disposition/Comments
o 3((:: -;nl’-t?)9 15.5-99.5 None Ina. No man-made contaminants detected.
0.0-2.0 SS Ina. Included “'Cs.
- 25-125 None Ina. No man-made contaminants detected.
30-00-10
13.0 BE Ina. Removed ¥'Cs; appears to be dragdown. *
- 13.5-52.0 None Ina. No man-made contaminants detected.
0.0 BE Ina. Removed “'Cs; appears to be surface shine.
N 0.5-35 None Ina. No man-made contaminants detected.
oA 4.0 BE Ina. Removed *’Cs; appears to be dragdown.
‘ﬁ 4.5-99.5 None Ina. No man-made contaminants detected.
0.0-6.0 S D Included "*'Cs.
6.5 - 14.0 SS R Included *’Cs. HRLS did not detect '*’Cs in the high rate

interval. Possible remote transfer line.

Removed "*'Cs; appears to be dragdown.*

30-12-13 | 14.5-49.5 BE&P | Ina Included ®Co and '**Eu, possible transfer line leak.

- 50.0-117.0 None ina. No man-made contaminants detected.
137, . . . .
117.5-1205 | BE Ina. Removed Cs; probably particulate contamination that fell
in from the ground surface.
0.0 BE Ina. Removed *’Cs; appears to be surface shine.*
Removed "*'Cs; appears to be dragdown.*
- 30-12-01 10.5-52.5 BE&P | Ina Included *°Co; correlates w/30-12-13.
53.0-99.5 None Ina. No man-made contaminants detected.
- 0.0 BE Ina. Removed “'Cs; appears to be surface shine.*
30-12-03
0.5-49.0 BE Ina. Removed '*’Cs; appears to be dragdown *

- * Source - Source of contamination in judgment of analyst,

" SS- Surface spill

*BE - Borehole effects (e.g., dragdown, inside/outside casing contamination.)
4P - Piume of contamination.

*SFA - Shape Factor Analysis

D - Contamination distributed in formation.

E£Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
" Locat - Contamination is confined to the vicinity of the borehole casing.

IR - Contamination is remote from the borehole.

Jna. - Inapplicable to apply SFA in this instance.

- * - indicates changes to original interpreted data set presented in C Tank Farm Report.
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Table C-1 (con't.). Summary of Interpreted Data Set for the C Tank Farm

Borehote Depth
Number Interval (ft) | Source® SFA® Disposition/Comments
49.5-91.0 None Ina. No man-made contaminants detected.
3((1_;']2,:?)3 91.5 BE Ina, Removed 'VCs; appears to be dragdown.*
92.0-98.0 None Ina. No man-made contaminants detected.
0.0 BE Ina. Removed Cs; appears to be surface shine.*
05-1.5 BE Ina. Removed *’Cs; appears to be dragdown.*
2.0-495 None Ina. No man-made contaminants detected.
50.0-58.5 BE Ina. Removed ""Cs; perforated casing.*
30-00-12 | 59.0-93.5 None Ina. No man-made contaminants detected.
94.0 BE Ina. Removed '*'Cs; perforated casing.*
94.5-111.0 | None Ina. No man-made contaminants detected.
111.5-112.5 | BE Ina. Removed '*'Cs; perforated casing.*
113.0-136.5 None Ina. No man-made contaminants detected.
0.0 BE Ina. Removed *'Cs; appears to be surface shine.*
30-12-09 | 05-15.5 BE Ina. Removed “"Cs; appears to be dragdown.*
16.0 - 100.0 None Ina. No man-made contaminants detected.
0.0 BE Ina. Removed "Cs; appears to be surface shine.*
30-00-13 {0.5-15 BE Ina. Removed 'YCs; appears to be dragdown *
2.0-55.0 None Ina. No man-made contaminants detected.

* Source - Source of contamination in judgment of analyst.

b SS- Surface spill

°BE - Borehoie effects (e.g., dragdown, inside/outside casing contamination.)
4P - Plume of contamination.

®SFA - Shape Factor Analysis

1) - Contamination distributed in formation.

#Ine. - Inconclusive, generally due to low or rapidly changing concentrations.
k Local - Contamination is confined to the vicinity of the borehole casing.

R - Contamination is remote from the borehole.

iIna. - Inapplicable to apply SFA in this instance.

* - indicates changes to original interpreted data set presented in C Tank Farm Report.
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Figure C-1. Summary of Interpreted Data Sef for the C Tank Farm
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Figure C-2. Summary of interpreted Data Sef for the C Tank Farm
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Figure C-3. Summary of Interpreted Data Set for the C Tank Farm
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Figure C-4. Summary of Inferpreted Data Set for the C Tank Farm
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Figure C-5. Summary of Interpreted Data Set for the C Tank Farm
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Figure C-6. Summary of Interpreted Data Set for the C Tank Farm
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Figure C-7. Summary of inferpreted Data Set for the C Tank Farm
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Figure C-8. Summary of Interpreted Data Set for the C Tank Farm
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Figure C-9. Summary of Interpreted Data Set for the C Tank Farm
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Figure C-10. Summary of Interpreted Data Set for the C Tank Farm
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Figure C-11. Summary of Interpreted Data Set for the C Tank Farm
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Figure C-12. Summary of Interpreted Data Set for the C Tank Farm
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Figure C-13. Summary of Interpreted Data Set for the C Tank Farm
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Figure C-14. Summary of Interpreted Data Set for the C Tank Farm



Appendix D
C Tank Farm Visualizations
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Panels of block diagram that face toward
reader are illustrated by heavy outiines.
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Figure D-2. C Tank Farm Visualization
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Figure D-8. C Tank Farm Visualization



Tha reader is advised to review Section 4 for discussions
ragarding the limHations of this visualization. * Monitoring Borehole

C-204 C-203 C-202 C-201

aaor segudag
LO nondump pueloy o

a0y

Azsumeif loskers (Hanlon 2000} are showr I rodd fext

Depth of Horizontal Planar Slice £ 56 ft BGS

Ca-137 isolevel = 0.5 pCllg Co-80 isolevel = 0.1 pCilg
Le-137 Gem;mtraﬁn{ifg; Co50 Concentration (pClig)

104 10° 10

s

yodeyy HLe NUEE ) T OF NPUSPPY

11-c1 a8eg

Figure D-10. C Tank Farm Visualization



3 BOGEAUIDLOD FEI-NT

ﬁﬁﬁd 10 = BABDS) FEL-NT

UCHBZNENSIA UL YR 1 40T eunfid

85 . e

{Bpod) uoneAtesUOD 0T
5?*23‘553 i‘g@iﬁ’siﬁﬁ“ﬂi}

{Baoh) voReRURINOT JE1-8D
- Baod Oy = PABOR] JELRD

SO 499 8 sowg me;;g wonoH 3 e

FHBE PRI U MOYS 20 008 LEUIELE SHRETE BRINSEY

Siousion BUpOIION »

L3 3&3*5} EG&Z’*& #«‘513*(}"

HSHBTHENSIA SHE) 1O SUDLBIRLY M Bmmﬁﬁm
FUGIREHASIR A0) ¥ MUNORE MOIARL 03 DERARE S1ADRRI SUL

Addendrn to the © Tawk Farm Repot

Page [»12

PR Grand Jonetion (e

Sepetnber 060

e
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Figure D-12. C Tank Farm Visualization
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The reader is advised 1o review Section 4 for discussions
regarding the ﬁmimtians of this visuaiization, s Monitoring Borehole

C-204 C-203 - C-201

Aszsumed loskors (FHanion 2008 are shown i red raxt,

Depih of Horizontal Planar Stice @ 104 ft BGS™

Co-56 solavel = 0.1 pCifg
o6 conmtration {pCi!g}

*Only boreholes that penetrate beyond this
tepth are shown on the visualizafion,

Figure D-14. C Tank Farm Visualization



0noT Joqundag

20133¢) UGHOUDY POVIL/FOA

a1-(1 a8ey

yrdloyg . guRE, O M Q) WNPURPPY

The reader is advised to review Section 4 Tor discussions

regarding the Bmitations of this vieuaiixation. % ﬁnnitmﬁg Borehole

C-204 C-203  C-202 C-201

Agsumed foakers (Hamion 2000} are shown in red text.

Depth of Horizontal Plangr Stice @ 114 # BGS™

Co-80 isclevel = 5.1 pCilg

Co-6i Concentration {pCifg}

*Oni}f boreholes that penelrate bevond this
depth are shown on the visualization.

Figure D15, C Tank Farm Visualization



HORERHBNSIA Ued yue) O 94~ snbiy

VORREHBRNSIA S4f HO UAOYS el 1080 s ~ o
puchsd io oy epayeusd By} SHOHR0G AuQ 2

»

{Band) vopgrAUaIEDY HOv
CBADG LD = BSOS 0800

L TOE U 5Z1 B eoum seuiy IU0RIoN j0 Ydeg

IR PBL G UMOYE B (DT UOIIRH] SRR PRIRTEY

LWZ-D 2020 0 FOIO

atoypiog BULOHUON » UCHEZIRAEIA a.ﬁ 0 suogeihay auy Buyparebo

SUOISENISD 40} ¥ HORDES MUIARS O) PUBIADE B} JEPROL SIE]

Asdddendum tothe U Tank Farn Report

DOEGrand Junction Offics

September 2000

Page D-17




HOREZYRASIA UG NURL 23 "4 L ety

Page [3-18

P 04 $Gi 01 08 waw

mmmm& HOBRIUSOEG? J0]-8T
BADG 00 = oAy (01480

Addendum to the ¢ Tank Farm Bepott

{u) negm
-08Y

-+-008
g ila

1.

nieetngntiR e

oera} BORInS PURSD

v

ice

THRE PR U MA0HT 240 fONDT OIS SIS BeuneRy "SBUNG Mammn Ag W&&%&% @i japeal

LHEmGy S0 teu weafism ) NOOH] 40 SHtie

‘GORMTRNEA Sul 10 SUORETIUE Mg Buipaefics
BUGISETIDRID 1O} ¥ UODDBS MBIARE O DSIADY B JOPBRE 4

DROE/Grand Junition OF
September 2000




10

Vg
n {pCiig)

.1 B

Co80 kolovel =
Co-80 Concentratio

ﬁ¢1

The reader is advised to review Section 4 for discussions

regarding the limitations of this visualization.

Assuimed feakars (Havton 20001 are shown in reg text,

'

% g

2

i

S ®

.”l._&

£ 2

mwf

58

by pamrer

Wy g

83

£%

s e e

G : 3 -]

18 $5383888°¢%8S

g8 k
DOE/Graad Amcaon Ofhes ___ T Addendietn 10 the C TRk Farm Report

September 2000 _ Page [+19

Flgure D-18. C Tank Farm Visualization




LOBZHBNSIA UUBS MR 0 610 sunlid

g
&
il
£
ir,
]
B
804 LG m
{Bfio0d) uogenuestion pgi-ng £
Band L0 = RaRDS] FoL-nd m }
=
{33} aeim m
.!ﬁﬂﬂ M
)
-G0%
e
o 4028
, o
W w i -84
| oes
! TS
S-o70
]

) seune Apey Aq peeisny ase JRpBE
THEE PHE S TR B8 FOODT MOIUBLL SISYRS) DEREEY ey 8oty 1BYF WRBEIR YOOH 10 S[EUey

UORRTHENSIA SR SO SUCHEIUY o) Bunselag
SUGISERIND 04 p HORDIT MBIASS O} DREIADY 8] JRDEAS Bl

DOE/Grand Junction Offies

September 2000




UORBZIRNSIA WS UBL D 0Z-G 8inbly

ot o : ro o - £ b 0 L
2 e s 0 o
{31} aeiz
, 08
4005
 ozg
ovs
0ag
 ges
009
620
oo
\m “TeesTion < | Il —
!
/

m “HE 50 L RS DAL SOONT YOIIBHE SR NR] PSSy
SOUTIO AABSY 4G DRJENSI e Jopeel : :

premo] 508} JEG; uBIBEp Jo0iG 0 SjBUed "UOREZHRNSIA S144 JO SUOPEINY s nﬁuﬁm&

SUOISSNOBID 10} ¥ UORDAE MOIAGK O} DBSIAPE 8] JSPERI B

Addendam fo the C Tank Farm Report

il

DT e Junniion Offiee

September 2606

Page 21




The reader is advised to review Section 4 for discussions Pansls of block diagram that face toward
regarding the mitations of this visuslization. reader sre Nustrated ﬁj” haavy outlines.
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Figure D-21. C Tank Farm Visualization



ACTEC ENVIRONMENTAL RESTORATION SERVICES, LLC

CONTRACTNQ.: DE-AC13-98GJ87335
TASK CRDER NO.: MAC-00-09
CONTROL NO.: 3100-T00-0964

DATE: September 19, 2000

SUBJECT: Addenda to the B and C Tank Farm Reports (Final)

Please find enclosed copies of the subject reports. The C Tank Farm Report (TFR) Addenda
incorporates the results of the high-rate and repeat logging activities along with the shape factor
analysis. Based upon these results, the 3D visualizations for the C TFR have been revised to
reflect the additional data analysis and interpretation. The visualizations in the B TFR have not
been changed. In addition, plume volume and contaminate inventory estimates have been
calculated for both tank farms.

Should you have any questions or comments, please contact me at (509) 946-3635.
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