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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 (DOE-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 S Tank Farm Report, which was prepared as part of this characterization project, was issued
as document GJO-97-31-TAR, GJO-HAN-17 in February 1998. That document reported the
results of the spectral gamma logging characterizations at the S Tank Farm that were originally
reported in Tank Summary Data Reports for each individual tank. The S 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 in
the S Tank Farm were used to develop a three-dimensional model of the distribution of the
contamination in the vadose zone in the immediate vicinity of the S Tank Farm.

Since the original S Tank Farm Report was issued, additional 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

S Tank Farm.

Additional data collected include spectral gamma data acquired from two boreholes that were not
logged during the original baseline logging effort. Both of these boreholes, 40-00-04 and
40-10-01, extend to near the top of the water table. The boreholes were not logged previously
because the borehole construction consisted of dual casing and grout. At that time, appropriate
casing correction factors were not available. The S Tank Farm Report recommended spectral
gamma logging in these two boreholes to determine if cesium-137 (*’Cs) had migrated deep into
the vadose zone. Log data from these boreholes might provide insights into the cause of high
technetium to uranium and low tritium to technetium ratios measured in groundwater samples
collected from borehole 40-00-04 (Johnson and Chou 1998). Only near-surface contamination,
presumably from a surface spill, was detected in these two boreholes.

A high rate logging system (HRLS) was developed and deployed in the S Tank Farm to measure
137Cs concentration levels in high gamma flux zones in two boreholes where the spectral gamma
logging system was unable to collect usable data because of high dead times and/or detector
saturation. This new system has enabled measurement of *’Cs concentrations up to about
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100 million picocuries per gram (pCi/g). ’Cs concentrations of more than 10° pCi/g were
detected in both boreholes (40-02-03 and 40-04-05) logged with the HRLS.

Other data collected since the S Farm Report was issued include repeat logging measurements
from borehole 40-00-02 acquired approximately 2.5 years after the initial baseline data were
collected. This borehole was selected for repeat logging to assess the potential effects on the
137Cs contaminant distribution in the sediments near the leak. The '*’Cs contamination was
apparently not remobilized by the raw water leak (at least in the vicinity of the borehole). No
additional boreholes were selected for repeat logging in the S Tank Farm.

A review of historical gross gamma logs provided no evidence of suspected contaminant
movement in the S Tank Farm. Independent analysis of historical gross gamma data by Randall
and Price (1999) supports this conclusion. However, the repeat logging was limited in scope and
the gross gamma logging program was discontinued in 1994; no comprehensive vadose zone
monitoring program currently exists.

The interpreted data set presented in the S Tank Farm Report was revised to incorporate the data
from the two additional boreholes and the high rate logging. In addition, intervals of relatively
low ¥’Cs contamination, which appeared to be related to borehole effects and/or contaminant
dragdown, were removed from the data set. The decision to remove contamination intervals
from the data set was based on the results of the previous shape factor analysis, the Randall and
Price (1999) data, and the experience of the analysts. These new data sets were used to create the
revised three-dimensional visualizations of subsurface contamination for the S Tank Farm
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 S Tank Farm.

This addendum completes the baseline characterization of the S Tank Farm. The purpose of this
characterization was to identify the nature and extent of contamination associated with gamma-
emitting radionuclides in the S 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 S Tank Farm is located in the southwest portion of the 200 West Area of the Hanford Site
(Figure 1). Although the S and SX Tank Farms are included together in the S-SX Waste
Management Area, each farm is considered a separate entity for purposes of this report. The

S Tank Farm consists of twelve second-generation single-shell tanks (SSTs), each with an
individual capacity of 758,000 gallons (gal). These tanks currently store a total of 4,934,000 gal
of high-level nuclear waste that was generated primarily from the chemical processing of
irradiated uranium fuel. Only one of the tanks (S-104) is listed in Hanlon (2000) as an “assumed
leaker.” This tank is estimated to have leaked 24,000 gal of high-level radioactive liquid to the
vadose zone sediments (Hanlon 2000).

In 1994, the U.S. Department of Energy (DOE) Richland Operations Office (DOE-RL) requested
the DOE Grand Junction Office (DOE-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. 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.

Figure 2 shows the location of each borehole in the S Tank Farm. 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 S Tank Farm geophysical logging was
completed in 1996, and the results of the radionuclide concentration logs for individual boreholes
were compiled and presented in 12 individual Tank Summary Data Reports (DOE 1997b, 1997c,
19974, 1997e, 19971, 1997g, 1997h, 19971, 1997j, 1997k, 19971, and 1997m).

The S Tank Farm Report was completed by the Hanford Tank Farms Vadose Zone Project in
February 1998. Since the report 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-97-31-TAR, GJO-HAN-17.

1.1 Background

A compilation of all borehole data collected for the baseline characterization was presented in the
original S Tank Farm Report. Included within that report were three-dimensional visualizations
of contaminant distribution in the vadose zone around the S Tank Farm.

DOE/Grand Junction Office Addendum to the S Tank Farm Report
August 2000 Page 1




TErEEtRESESTE ln‘a;-‘faa_‘,_‘*', = ir\
i
3
| WASTE MANAGEMENT AREA T
!
N - f
| T PLaNT ;
I 24T TANK FARH :
| |
!
|
|
i
i
— !
Lt ,
j “F
S é ]
L — B
|
”//,//,‘ 10
%s?// § ;
Z PLANT |
WASTE MANAGEMENT AREA U 3}
& ;|
U PLANT @,@“ )
Sooll 24 F A
e 5004~ TANK FARM ;!
St e :0()0/ ; ;
3
|
216-U-10 i i
) ||
1759 WASTE MANAGEMENT AREA S-SX |1}
83y auls !
;TANK FaRM L ) 'U'
241-8X
| TANK FARM
0 750 1500 Feer
I R
[ T 1
0 250 500 MeTERs
- SPLANT e
hAN — J
Figure 1. Map of the 200 West Area Showing the Location of the S Tank Farm
DOE/Grand Junction Office Addendum to the S Tank Farm Report
August 2000 Page 2




sajoyalog wie- yue| S e} mo dew ‘gz ainbi
199)) ajeuiplood UUON jue|d piojueH

0585¢€ 006s€ 0565€ 000s€e 0s09¢ oolee 0519e 00Zoe 0seoe

! | | 1 | L | 1

00tse

aayeary pommssy ()
‘pabBo| sejoyasog |euonippY -\/
Buibbo yeadal Joj pajos|es sjoyasog - O —
‘Buibboy syes ybly Joy pejosies ajoyaiog - ] YHON
-7 L -60~ Q0 -90-0t one -C0-
60-CL-0V o mo.mo.oov 60 mo (014 80 wm 1014 60 omo 80 mm oy 60 omo (414
.
dorei-on 90-90-0% 90-€0-0¥ L1-€0-0F
90°60-0% . . <
®
90-2L-0v .
10-60-0%
20-Z1-0b L& co-or
. ) $0-60-0% 206007 |, o Zo-00-0p 06007
roeior 60-80-0F S0-900F i 01500 » EEOOY
by e . g0-g0-0y  0V¢ sozdon .

0-L1-0V mo-woo.ov 01-20-0¥%

L1-20-0v
.

20-L1-0Y)

L0-50-0t L0-20-0v
. D) .

£1-80-0¥ .
60-20-0v

" 0. L4 10-8 m v [
§0-41-0¥ L0-LL-0V 0-0 10-20-0
§0-50-0 . ¥0-20-0% —
90-00°0% d £0-50-0% . £020-0
60-0L-0° . 0L-20-0¥ .
80-20-0v . 80-10-0% 01-10-0F
80-01-0F J .
]
b1-20-0
90-04-0¥ *
90-20-0%' 90-40-0p
[ ] L} o
. £1-0L-0% 10-L0-0V 10-10-0v
50-0L-0F
o . 1000 . .
£0-01-0% ooy | POLO0¥ 20 .oo.o@ 0-10-0F

0009

[~ 09654

= 00854

[— 098SL

— 008G

— 09494

[ 00454

— 059SL

009SL

(123)) 21BUIPI00D IS B PIOJUEH

Addendum to the S Tank Farm Report

DOE/Grand Junction Office

August 2000

Page 3

ALY SRS O S NS

SN

P RSN (T AR

~

RN N AT AL 2 7 ORI P

Sl WP RWELZ 164 S P T BT

DPRRa,

NI

BARNIA-AE A




In August 1996, a Phase I groundwater quality assessment for the S/SX Waste Management Area
(WMA) was initiated in response to a directive from the Washington State Department of
Ecology. This action was triggered by increases in specific conductivity and technetium-99
(**Tc) observed in downgradient monitoring wells. Results of the Phase I assessment (Johnson
and Chou 1998) indicated that the S/SX WMA had contributed to the groundwater contamination
and that multiple source locations within the WMA were required to explain observed spatial and
temporal groundwater contamination patterns. This work was carried out independently of the
work reported in the S Tank Farm Report. '

Since the original S Tank Farm Report was issued in 1998, additional data have been obtained
and enhancements have been made in the SGLS data evaluation process. Shape factor analysis
had been applied to the original baseline spectral data prior to issuing the S Tank Farm Report to
assess contaminant distribution with respect to the borehole axis. However, experience in the
shape factor interpretation has led to a more liberal approach when removing contaminant data
attributed to borehole effects. This more liberal approach has resulted from the recognition that
dragdown of contaminated material to lower depths during drilling is pervasive, particularly
when high gamma flux zones are encountered. Other data were obtained from two additional
boreholes that were not logged during the original baseline, and repeat logging was performed in
one other borehole. 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 S 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 data from two additional boreholes and high rate log
data. Tank farm conditions, operational history, current status, and geologic conditions are
discussed in the original S Tank Farm Report and in relevant Tank Summary Data Reports
(DOE 1997b, 1997c, 1997d, 1997e, 1997f, 1997g, 1997h, 19971, 1997j, 1997k, 19971, and
1997m), and will not be restated in this report. The reader is referred to those documents for
detailed information.

In general, revisions to the visualizations are based on data from the two additional boreholes and
the high rate data. 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. Comparisons between repeat
logging and the original logs are discussed in the text. The contaminant plumes shown in the
visualizations are based on the original data and the data from the two additional boreholes, as
modified by professional judgment, with the HRLS results included in intervals where the SGLS
was saturated.

DOE/Grand Junction Office Addendum to the S Tank Farm Report
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2.0 Summary of Additional Data

Additional data presented in this addendum include data from two boreholes not logged during
the original baseline, high rate logging, and repeat logging. Improvements in data analysis and
interpretation methods are applied to all borehole data where appropriate. Also referenced in this
addendum is work performed by Randall and Price (1999), which provides an analysis of
historical gross gamma logging data for the S Tank Farm. This analysis by Randall and Price in
addition to SGLS repeat logging evaluated areas of possible contaminant movement within the

S Tank Farm vadose zone.

2.1 Additional Boreholes

Two additional boreholes, 40-00-04 (299-W23-01) and 40-10-01 (299-W23-17), were logged
with the SGLS after the S Tank Farm Report was issued. These two boreholes were not logged
during the original baseline because of their construction configuration (double-cased and
grouted). Since that time the decision was made to log boreholes with this type of construction.
These two wells were of particular interest because they could provide insights into whether or
not *’Cs had migrated deep into the vadose zone. This insight may provide a clue as to the cause
of the high technetium/uranium and low tritium/technetium ratios measured in the groundwater
downgradient of the waste management area that may be indicative of a tank waste source.
Technetium was detected in groundwater samples from borehole 40-00-04 in 1985-86 and again
in 1998. The tritium/technetium ratios for both of these samples was near 1 (Johnson and

Chou 1999). Both of these boreholes are greater than 200 ft in depth. Other boreholes in the

S Tank Farm only reached approximately 150 ft.

2.2 High Rate Logging

During SGLS logging operations in the S Tank Farm in 1996, it soon became apparent that some
borehole intervals exhibited very high gamma-ray fluxes, such that the SGLS detectors became
saturated, yielding no usable data.

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 SGLS logging systems.
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,” that contributes to degradation of spectra (Knoll 1989). “Pulse pileup” occurs when the
photon flux at the detector is so great 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
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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.

Like the SGLSs, the HRLS is essentially nonparalyzable. “Nonparalyzable” and “paralyzable”
describe system behavior during “dead periods” of data acquisition (Knoll 1989). In
nonparalyzable systems, the deposition of photon energy in the detector is followed by a brief
time interval, or dead period, of fixed duration, during which the output electrical pulse is being
processed. The system is unresponsive to any additional photons that enter the detector during
the dead period. If the gamma-ray flux is intense, a significant number of photons enter the
detector during dead periods, and are uncounted. Thus, the count rate rises as the gamma flux
increases, but the count rate does not rise as rapidly as the flux. The count rate is non-linear in
relation to flux, but linearity is imposed by applying the dead time correction to the recorded
count rates (DOE 1995).

In a paralyzable system, of which certain of the old Hanford Geiger-Mueller-based monitoring
systems are examples, the deposition of photon energy in the detector is followed by a dead
period, but the duration of this period is lengthened if additional photons enter the detector
during the dead period. Thus, on average, the dead periods grow longer as the gamma flux
increases. A consequence is that as the gamma flux on the detector increases, the output count
rate rises, but the count rate eventually reaches a maximum, then the rate decreases if the gamma
flux continues to climb. Because of this property, system output may be ambiguous in zones of
high gamma flux.

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 shielding 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
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.
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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). Shield correction factors for
other energy levels can be determined by extrapolation of relative attenuation calculations.

B7Cs was the only radionuclide detected with the HRLS in the S Tank Farm. Both boreholes
logged in the S 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 2742 3.758 96.40

2.3 Repeat Logging

Repeat logging using the SGLS is useful to evaluate possible contaminant movement over time
by comparing concentration data. Analysis of historical gross gamma logging by Randall and
Price (1999) has also proved useful for determining potential movement, particularly in zones of
high gamma flux. A sufficient amount of time has not passed since the implementation of the
HRLS to collect repeat data that would provide meaningful comparisons.

2.3.1 Spectral Gamma Logging System

Repeat logging was performed for one borehole interval in the S Tank Farm using the SGLS.
This borehole was selected for repeat logging to assess the impact of a raw water leak near
borehole 40-00-02 on the *’Cs distribution in the vadose zone. Approximately 500,000 gal of
water were released in a 1 hour period in 1996 from a separated water main near the northeast
side of the S Tank Farm. This water pooled in a low area along the east fence line of the farm
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estimated to be approximately 50 ft from borehole 40-00-02 (Johnson and Chou 1999). It is not
possible to determine if this surface water changed the moisture content of the vadose zone in the
vicinity of this borehole. The baseline *’Cs concentration profile collected on 6/4/96 was
compared to the repeat ¥’Cs concentration profile collected on 1/21/99. To provide for proper
comparison of log data between the original baseline and the repeat logging, the baseline *’Cs
was decayed from the date of the baseline logging (6/4/96) to the date of the repeat logging
(1/21/99).

2.3.2 Historical Gross Gamma Logging

In 1998, Randall and Price (1999) conducted an analysis of historical gross gamma-ray log data
collected in the S Tank Farm between 1975 and 1994. All historical log surveys for individual
drywells (boreholes) were evaluated for each interval with elevated gross gamma count rates,
allowing observations to be made regarding the stability of any contaminant interval over time.
Conclusions from this analysis are provided in this addendum. In general, no areas in the vadose
zone were identified as showing contaminant movement. However, the gross gamma logging
program was discontinued in 1994 and only limited data are available for the period since 1994.

3.0 Discussion of Results

3.1 Additional Boreholes

Two additional boreholes (40-00-04 and 40-10-01) were logged since the S Tank Farm Report

was issued. Both of these boreholes are double cased and grouted. As discussed previously,

these boreholes were of particular interest to provide clues to the potential impact of tank waste

on the ground water. Combination log plots for these boreholes showing the distribution of

naturally occurring and man-made radionuclides, as well as total gamma activity from both the

. SGLS and the most recent tank farms gross gamma log, are included in Appendix A (Figures
A-1 through A-4).

3.1.1 Borehole 40-00-04

Borehole 40-00-04 is located east of tanks S-107 and S-110 and was given the Hanford Site
designation 299-W23-01. This borehole was drilled in June of 1952 to a depth of 262 ft with
6-in.-diameter casing. Since then the borehole has been perforated and grouted with a 4-in.-
diameter casing set from 0 to 175 ft. This borehole was logged with the SGLS in three log runs
from 0 to 219 ft on Jan 21, 1999. Water was encountered in the borehole at about 216 ft. No log
data were collected below 219 ft. Both *’Cs and cobalt-60 (®°Co) were detected in this borehole.
The °Co was detected from 1.5 to 3.0 ft with a maximum concentration of about 1 pCi/g. The
B37Cs was detected from 0.0 to 3.5 ft with a maximum concentration of about 30 pCi/g occurring
at the ground surface. Low levels (less than 5 pCi/g) of *’Cs were detected intermittently

DOE/Grand Junction Office Addendum to the S Tank Farm Report
August 2000 Page 8



throughout the borehole to a maximum depth of 214.5 ft. These intermittent occurrences of
137Cs were attributed to borehole effects.

3.1.2 Borehole 40-10-01

Borehole 40-10-01 is located approximately 25 ft northeast of tank S-110 and was given the
Hanford Site designation 299-W23-12. This borehole was drilled in September of 1970 to a
depth of 238 ft with 6-in.-diameter casing. Since then it has been perforated and grouted with a
4-in.-diameter casing set from 0 to 180 ft. This borehole was logged with the SGLS in three log
runs from 0 to 209.5 ft on Jan 20, 1999. Both *’Cs and ®°Co were detected in this borehole. The
Co was detected from 1.5 to 2.0 ft with a maximum concentration of about 0.25 pCi/g. The
1¥7Cs was detected continuously from 0.0 to 54.0 ft at concentrations generally ranging from 1 to
10 pCi/g with a maximum concentration of about 50 pCi/g occurring at the ground surface. Low
levels (less than 2 pCi/g) of *’Cs were detected intermittently throughout the remainder of the
borehole to a maximum depth of 186 ft. All *’Cs detected below 3.0 ft is thought to be
dragdown from a surface spill.

The absence of "*’Cs or %°Co at depth in either of these boreholes does not support deep migration
of tank waste as a cause of the anomalous *Tc observed in the groundwater. However, it is not
conclusive, because it is also probable that neither borehole intersected the migration pathway.
Moreover, contaminants such as ®Tc do not emit a detectable gamma ray and are generally
considered to be more mobile than *'Cs.or ©*Co. Data from these two boreholes clearly do not
provide evidence supporting deep migration of tank waste, but neither can the data refute this
possibility.

3.2 High Rate Logging

Logging was conducted using the HRLS in boreholes 40-02-03 and 40-04-05 where the original
SGLS logs indicated 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 when an external shield is used. However, zones of more intense radiation were
encountered around these two boreholes in which dead times became excessive or the detector
became saturated. The HRLS detected *’Cs as the primary radionuclide in both of these
intervals.

Table B-1 (Appendix B) summarizes borehole information where high rate logging was
conducted in the S 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. 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 concentration detected, the date to which the HRLS data was corrected for decay,
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and an assessment of relative stability by Randall and Price (1999). 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 is added to the baseline SGLS data.

1¥7Cs concentration values calculated from the high-rate data are presented on plots for each
borehole (Figures B-1 and B-2, Appendix B). 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. The legend 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.

3.3 Repeat Logging

Repeat logging was performed in only one borehole (40-00-02) in the S Tank Farm. The
purpose was to evaluate possible effects of a surface water spill on the *’Cs distribution in this
borehole. This spill, which occurred soon after the baseline logging, pooled in a low area
approximately 50 ft from this borehole. The repeat data were collected approximately 2.5 years
later. Table C-1 (Appendix C) summarizes the repeat logging performed in the S Tank Farm and
includes a comparison log plot for the repeat logging interval in borehole 40-00-02. There does
not appear to be a significant change in log values, suggesting that either the water did not reach
the contamination in the vicinity of the borehole or that it failed to mobilize the *’Cs.

3.4 Changes to the Interpreted Data Set

The original interpreted data set presented in the S Tank Farm Report was updated by adding
spectral data from the two additional boreholes and substituting the high rate data in zones of
SGLS detector saturation. Further evaluation of shape factor data and contaminant profiles led to
removal of additional zones of contamination that were judged to be primarily associated with
contaminant dragdown and/or borehole effects from the original interpreted data set.

Table D-1 (Appendix D) includes a general discussion of the rationale for removing specific
depth intervals from the interpreted data set used to create the three-dimensional visualizations.
Correlation plots of boreholes surrounding each tank are also included in Appendix D to provide
a visual representation of the contaminated intervals. The table and correlation plots constitute
the interpreted data set (Section 4.1).
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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 S Tank Farm and to present
views derived from those visualizations. *’Cs, ®Co, and europium-154 (**Eu) were all detected
in the S Tank Farm. Visualizations were created for each of these radionuclides. The
development of the visualizations are described in the S Tank Farm Report. The software
package from C Tech Development Corporation called “Environmental Visualization System”
(EVS) was used to create the visualizations both in the original S Tank Farm Report and in this
addendum. However, some improvements to the data input and calculation parameters to the
model have been implemented since the original report and 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 consists of the original interpreted data set presented in the

S Tank Farm Report with the spectral data from the two additional boreholes and the HRLS data
added and additional contamination intervals removed that are judged to be localized to the
borehole and thus not representative of subsurface contaminant distribution.

All baseline SGLS data collected during 1996 in the S Tank Farm have been updated in this
addendum to reflect current analysis practices and procedures. In addition, insights gained
during the Expert Panel (a panel of experts appointed by DOE to provide independent oversight
of vadose zone technical investigations [DOE 1997a]) discussions have aided in judging the
nature of subsurface contaminant distribution as detected by the SGLS and HRLS.

Generally, the borehole radionuclide concentrations have not been corrected for decay, and
therefore represent their 1996 baseline values. The HRLS data were adjusted to account for
decay between 1996 and 1999.

The final result is an interpreted data set where all contamination intervals judged to be local to
the casing and not representative of the surrounding formation are removed and HRLS data have
been used to fill in zones of SGLS detector saturation.

4.2 Development of Three-Dimensional Visualizations

The original visualizations utilized an adaptive gridding option that results in estimated values
everywhere inside a user-specified rectangular domain. In this addendum a convex hull
boundary option is selected. This option produces an irregular boundary that is defined by the
distribution of measured data points, effectively restricting the extrapolation of parameters to that
volume enclosed by the data points.
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The data set derived from the SGLS data 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, creating 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, the data search routine is truncated after
collecting all data points from a single hole. To offset this effect, data points in individual
boreholes were averaged over 5-ft intervals such that a single average concentration value is
assigned to the midpoint of each 5-ft interval (e.g., at 2.5 ft, 7.5 ft, etc.), significantly reducing
the size of the input data set and the processing time. More importantly, it “forced” the search
algorithm to bring in data from multiple boreholes at most calculation points, which resulted 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 S 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.

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

DOE/Grand Junction Office Addendum to the S Tank Farm Report
August 2000 Page 12

ML SRy P AR I RO P O T S TR DI M1 S5 Y K S o 7 TN = v R i et TTTOIRT T




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 most accurately honor the measured distributions of each radionuclide was
determined through trial and error. An anisotropy value of 4 was selected for the '*’Cs, ©°Co, and
1%Eu plume calculations.

The MDLs for both *’Cs and ®Co are near 0.1 pCi/g and the MDL for '*Eu is approximately
0.5 pCi/g. In the preprocessing module, a value of 0.01 pCi/g was substituted for non-detects of
each radionuclide in the data file. This allowed 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 each contaminant 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.

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, which is discussed in the base
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calibration report (DOE 1995) and subsequent recalibration reports, 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;
the highest HRLS concentrations were about 100 times higher than the 8,000 pCi/g estimate.

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 S 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 above.

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 previously. The visualizations are provided in Appendix E in the order in which
they are discussed.
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Figure E-1 illustrates the "*’Cs contamination derived from the interpreted data set for all
boreholes logged in the S 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 million 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 (see Figure 2),
and the correlation plots presented in Appendix D.

Figures E-2 and E-3 are similar to Figure E-1 except they portray ©°Co and '**Eu, respectively.
The logarithmic color scales have also been changed to reflect the concentration range of each
radionuclide.

Figures E-4 through E-14 show horizontal planar slices at various depths in the S 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
the highest concentration and maximum extent of plumes that existed between the selected depth
intervals. For example, the 3-ft slice probably indicates the best representation of the lateral and
average concentration of near-surface contamination that exists between 0 and 3 ft.

Figure E-4, the horizontal slice from 3 f, provides the best representation of the maximum lateral
extent of the near-surface contamination resulting from surface spills. The next slice at 9 ft
(Figure E-5), which lies just above the top of the tanks, shows the lateral extent of these spills
has greatly decreased. The near-surface contamination near tank S-110 is absent at this depth.
The lateral extent of these plumes decreased in the next slice at 18 ft and the %°Co contamination
west of tank S-103 is no longer visible.

Figure E-7 is a horizontal slice at 28 ft just below the depth of the cascade lines. The high
concentrations of '*’Cs on the east side of tank S-102 are likely the result of a cascade line
breach. The contamination depicted on the west side of tank S-102 probably represents vertical
migration from a large surface spill that occurred near this tank. °Co contamination west of tank
S-103 may also have originated from a surface spill even though it is not shown to be continuous
deposition from the ground surface to this depth of 28 ft (i.e., the visualization at 18 ft does not
show the “Co contamination). The next slice at 35 ft shows the top of the plume originating
from a leak in tank S-104 and the continued vertical migration of *’Cs from the cascade line
breach near tank S-102. The slice at 42 ft shows the maximum concentration and lateral extent
of the plume associated with the S-104 tank leak.

Figure E-10 is a horizontal slice at 47 ft, just below the base of the tanks. The tank S-104 plume
appears to have migrated to the west under the tank. This figure also shows the vertical extent of
the continuous *’Cs contamination from the cascade line breach. '*’Cs contamination is again
shown on the west side of tank S-102 near boreholes 40-02-07 and 40-02-08. This is thought to
be continued vertical migration of the contamination associated with the large surface spill
observed in previous slices. Some of the deep *’Cs and ®°Co related to this surface spill,
between tanks S-102 and S-103 shown in Figures E-10 through E-13, may be due to
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contaminants migrating along the outside of a borehole casing and pooling near finer grained
sediments. The potassium-40 (*K), uranium-238 (**U), and thorium-232 (**Th) (KUT) plots
included in the Tank Summary Data Reports for tanks S-102 and S-103 (DOE 1997¢, 1997d)
show increases in “’K at various depths between 50 and 70 ft that support this theory.

The slice from 55 ft, Figure E-11, shows separate *’Cs and *°Co plumes located between tanks
S-102 and S-103 that are probably associated with the large surface spill discussed previously.
Figure E-12, the slice from 63 ft, still shows some ®Co between tanks S-102 and S-103. It also
shows a plume on the east side of tank S-102 that may be associated with the cascade line
breach. This occurrence of an apparently separate plume of *’Cs below a larger plume above
may be the result of waste migrating along the borehole casing and pooling on finer grained
sediments. The possibility exists that this plume and the deep plumes of '*’Cs and “Co
associated with the surface spill may not extend laterally more than a foot or so from the
boreholes in which they were detected. The final slice from 69 ft, Figure E-13, shows ®Co
between tanks S-102 and S-103 that represents the deepest extent of contamination in the vadose
zone near the S Tank Farm and appears to be the result of the large surface spill in the vicinity of
tanks S-102 and S-103.

Figures E-14 through E-16 are three-dimensional visualizations that illustrate contamination
plumes for *’Cs, “Co, and '**Eu within the vadose zone at the S 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. Each figure is viewed looking down at the tanks from the
northeast. Only one radionuclide was presented on each figure, allowing the reader to more
easily view the extent of each plume.

Figure E-17 shows a view from the northeast of the plumes associated with tanks S-101, S-102,
S-104, and S-105. These plumes are cut by a southeast-northwest-trending vertical plane that
passes through tank S-104 and between tanks S-101 and S-102. This cut exposes the interior of
the three major plumes associated with S Tank Farm: 1) S-104 tank leak, 2) cascade line breach
near tank S-102, and 3) the large surface spill near tanks S-102 and S-103. The cut was
positioned to show the maximum concentrations of these plumes.

4.5 Contaminated Volume and Total Activity Estimate

With completion of the revised visualizations, it became possible to calculate a rough estimate of
the volume of contaminated soil and total activity inventory as a function of contaminant
threshold level within the plumes shown in the S 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.
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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 1996. 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
include any data from historical gross gamma logs or any soil sample data.

The contribution from ©Co and "*Eu may be slightly underestimated because these data are not
always measured accurately in zones of high gamma flux by the HRLS. 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.

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 17,180 9.86
5 5,481 9.81
w10 50 1,682 9.64
500 599 9.01
5,000 211 7.14
00 ' 0
6 0.1 2,777 8.67x10*
Co
-4
154 0.5 267 6.76 x 10*
Eu
2 68.8 3.13x 10* |

5.0 Conclusions

The purpose of this addendum is to provide an update to the original S Tank Farm Report that
was issued more than 2 years ago. The interpretations and conclusions provided in the original
report are essentially 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 S Tank Farm Report was issued. Some of the more important improvements in the
understanding of the log data have resulted from the following:
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¢ Although re-evaluation of shape factor results and other data provided a justification for
further eliminating many borehole contamination intervals from the interpreted data set, most
intervals of significant contamination remain and only relatively low-concentration “ghost”
plumes were eliminated from the visualizations.

 Analysis of historical gross gamma logging data provides a qualitative identification of
contaminant movement.

 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 if a monitoring
program is implemented. Historical gross gamma logging detectors may have been paralyzed
in some cases and the data produced may not be reliable for comparison purposes in the very
high concentration zones.

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 S Tank Farm. Conclusions stated in the original
S Tank Farm Report remain appropriate and will not be entirely reiterated.

To date there is no evidence of contaminant movement in the vadose zone under the S Tank
Farm. The repeat logging from borehole 40-00-02 did not provide evidence of remobilization of
1¥Cs from the infiltration of a surface water spill. Randall and Price (1999) determined there
was no movement observed from the historical gross gamma logging performed from 1975 to
1994. However, routine gross gamma logging was discontinued in 1994, and there has been no
comprehensive monitoring effort since that time. A comprehensive routine monitoring program
for selected drywells in the S Tank Farm should be implemented to provide data that will
substantiate the long-term stability of the observed gamma-emitting contaminants.

Contamination from the tank S-104 plume may not exist as deep as originally thought. *’Cs
below 47 ft in borehole 40-04-05 has been determined to be dragdown and was removed from
the interpreted data set. The original interpreted data set included *’Cs as deep as 120 ft in
borehole 40-04-05.

There is no evidence of deep migration of gamma-emitting radionuclides that may be affecting
the groundwater quality beneath the S Tank Farm. Boreholes 40-00-04 and 40-10-01 were both
logged to investigate this possibility. Only intermittent occurrences of low concentrations of
B7Cs were detected at any significant depth and these were all attributed to borehole effect and
removed from the interpreted data set. This does not rule out the possibility that migration
pathways were not intersected by existing boreholes or that more mobile contaminants have
reached the groundwater at this site.
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High rate logging of borehole 40-02-03 detected a maximum '*’Cs concentration of

2,240,000 pCi/g at 26.5 ft, supporting the conclusion in the S Tank Farm Report that the cascade
line at approximately 22 ft may have been breached during one of the four attempts to drill this
borehole. On the basis of drill cuttings measurements, some contamination existed prior to
drilling. Therefore, it is not known conclusively if the cascade line was breached, adding
additional contamination to the vadose zone, or that all the contamination existed prior to
drilling. However, all *’Cs contamination measured from 22 to 47.5 ft and from 57 to 62 ft is
believed to be associated with the cascade line. The "*’Cs above 22 ft is probably from nearby
surface spills.

Significant amounts of ®’Cs, once attributed to surface spills in the vicinity of tanks S-101,
S-102, S-103, and S-104, have been determined to be dragdown and were removed from the
interpreted data set. It still appears, however, some of this '*’Cs near boreholes 40-02-07 and
40-02-08 has migrated to approximately 55 ft, perhaps by migrating along the borehole casings
and pooling in finer grained sediments. The ®Co associated with this plume appears to have
migrated to 72 ft in the vicinity of borehole 40-03-05.

Most of the '*’Cs previously attributed to undocumented surface spills near tanks S-107, S-108,
S-110, and S-111 has also been attributed to dragdown and removed from the interpreted data
set. All *7Cs around tank S-112 was removed.

6.0 Recommendations

Recommendations included in the original S Tank Farm Report have not substantially changed.
Areas where recommendations have been implemented have resulted in improvements in the
understanding of the nature and extent of vadose zone contamination in the S Tank Farm.

The baseline data reported in the S Farm Report and this addendum did not provide any
indication of ongoing migration of gamma-emitting radionuclides. An independent assessment
of historical data supports this conclusion (Randall and Price 1999). However, the gross gamma
logging program was terminated in 1994, and only one borehole was selected for repeat logging.
This provides little new data with which to assess any recent (post-1994) migration. Therefore, it
is imperative that a routine monitoring program be reinstated within the S Tank Farm as soon as
possible. It is not necessary to monitor all boreholes; the S Tank Farm baseline data clearly
indicate where monitoring is required. The monitoring program should be based on the use of
calibrated detectors with continuing verification measurements to assure detector stability. Both
the SGLS and HRLS are complex systems and relatively slow. A faster logging system capable
of routine operation by tank farms personnel should be deployed. Preliminary work has been
completed on such a system, known as the Radioelement Assessment System (RAS). The SGLS
and HRLS should remain available for follow-up investigation of anomalies.

An additional borehole should be drilled and samples collected to further investigate non-
gamma-emitting contaminants associated with the tank S-104 plume. Reinterpretation of the
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137Cs associated with this plume indicated the maximum depth of contamination was about 48 ft.
This fails to explain the reoccurring technetium detected in groundwater in borehole 40-00-04
(299-W23-01).

The Results of Phase I Groundwater Quality Assessment for Single-Shell Tank Waste
Management Areas S-SX at the Hanford Site (Johnson and Chou 1998) indicated several driving
forces that may be contributing to contaminant migration in S Tank Farm. One such driving
force was the main water line leak in 1996. Borehole 40-00-02 was relogged in hopes of
determining the impact of this large quantity of surface water infiltrating through the vadose zone
on the "*’Cs distribution. The '*’Cs distribution did not change, but without moisture data it was
impossible to determine the amount of water, if any, that actually moved through this zone.
Moisture logging in and around this farm would provide valuable data concerning the location of
these sources and help quantify the extent to which they may be remobilizing tank waste.
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Appendix A
Additional Borehole Data
for the S Tank Farm
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Figure A-1. Additional Borehole Data for the S Tank Farm
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Appendix B
Summary of High Rate Logging Results
for the S Tank Farm



Table B-1. Summary of High Rate Logging Results for the S Tank Farm

Log Run Shield/
Borehole Depth Correction
Number Interval (ft) Factor® Comments
1¥7Cs was identified from 35.0 to 21.5 fi. The highest
20.0 - 29.0 NS/1.00 concentration (10¢ pCi/g) occurs at 26.5 ft.
These data were corrected for decay back to 5/22/96.
The HRLS "*’Cs data added to the baseline data: 22.0 - 23.5 ft
40-02-03 23.0-29.0 ES/3.758 | LRLS 7Cs (wino shield); 24.0 - 27.5 ft HRLS 'Cs
(w/external shield); 28.0 - 31.0 ft HRLS "’Cs (w/no shield).
R/P® state that due to instrument limitations the stability of
28.0-35.0 NS/1.00 the interval from 17 - 32 ft was undetermined and there was a
possibility of changing *’Cs distribution.
137Cs was identified from 54.0 to 49.5 ft and from 46.5 to
37.0-43.0 NS/1.00 38.0 ft. The highest concentration (10° pCi/g) occurs at
435 ft.
38.0-47.0 1S/27.42
40-04-05 These data were corrected for decay back to 6/5/96.
42.0-45.0 NS/1.00 The HRLS ®’Cs data added to the baseline data: 38.5 - 46.0 ft
HRLS "¥’Cs (w/no shield).
44,0 - 55.0 NS/1.00

R/P indicate that the '*’Cs from 35 - 55 ft was stable.

2 Shield configuration options: NS - No shield; ES - External shield; IS - Internal shield; BS - Both shields

b R/P - Randall and Price (1999)
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Appendix C
Summary of Repeat Logging Results
for the S Tank Farm
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Table C-1. Summary of Repeat Logging Results for the S Tank Farm

Logging Unit &
(count time)
Borehole Depth Reason
Number Interval (ft) for Repeat Baseline Repeat Evaluation
No apparent change in
40-00-02 136.5-0.0 IA® (32015;) (IGO%)BS) contaminant concentration or
distribution.

* TA - Infiltration assessment
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Appendix D
Summary of the Interpreted Data Set
for the S Tank Farm




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

Borehole Depth
Number | Interval (ft) | Source® | SFA® Disposition/Comments
0.0-2.5 Ssb Inal Included **’Cs.
3.0-16.0 BE*® Ina. Removed "*Cs; appears to be dragdown. *
40-01-01
16.5-128.0 | None Ina. No man-made contaminants detected.
128.5-129.0 | BE Ina. Removed "’Cs; fell in from the ground surface.
0.0-2.0 SS Df Included *Cs.
2.5-10.5 BE Local® | Removed *’Cs; appears to be dragdown.
11.0-19.0 None Ina. No man-made contaminants detected.
19.5-25.5 BE Ina. Removed *’Cs; appears to be dragdown. *
40-01-04
26.0 - 40.5 BE Ina. Removed *Cs; appears to be dragdown.
41.0-42.0 BE Ina. Removed "*"Cs; appears to be dragdown.*
42.5-100.0 | None Ina. No man-made contaminants detected.
100.5 BE Ina. Removed B37Cs; fell in from the ground surface.
0.0-3.0 SS Ina. Included ¥Cs.
3.5-30.0 BE Ina. Removed "’Cs; appears to be dragdown.
40-00-02 | 30.5-36.0 None Ina. No man-made contaminants detected.
36.5-52.5 BE Ina. Removed "*’Cs; appears to be dragdown; perforated casing.*
53.0-99.0 BE Ina, Removed "*’Cs; appears to be dragdown; perforated casing.
99.5 - 137.0 None Ina. No man-made contaminants detected.
0.0-10.0 SS Ina. Included ¥Cs.
40-01-06
10.5-19.5 BE Ina. Removed "*"Cs; appears to be dragdown.

® 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 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 S Tank Farm Report.
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Table D-1 (con't.). Summary of Interpreted Data Set for the S Tank Farm

Borehole Depth
Number | Interval (ft) | Source®* | SFA* Disposition/Comments
20.0-38.5 BE Ina. Removed "’Cs; appears to be dragdown.*

40-01-06 | 39:0-49.5 BE Ina. Removed "*’Cs; appears to be dragdown.

(con’t.) 50.0 - 96.5 None Ina. No man-made contaminants detected.
97.0-97.5 BE Ina. Removed "*’Cs; fell in from the ground surface.
0.0-10.0 SS Ina. Included "*’Cs, ®Co, and '**Eu; possible transfer line.
10.5-15.0 BE Ina. Removed "*’Cs; appears to be dragdown.

40-01-08
15.5-102.5 None Ina. No man-made contaminants detected.

103.0 BE Ina. Removed "’Cs; fell in from the ground surface.
0.0-3.0 SS Ina. Included "Cs.

3.5-29.0 BE Ina. Removed "*"Cs; appears to be dragdown.*
29.5-36.5 None Ina. No man-made contaminants detected.

40-01-10
37.0-48.0 BE Ina. Removed 3’Cs; appears to be dragdown.
48.5-96.5 None Ina. No man-made contaminants detected.
97.0-98.0 BE Ina. Removed '*’Cs; fell in from the ground surface.
00-15 SS Ina. Included ¥Cs.

40-02-01 {2.0-129.0 None Ina. No man-made contaminants detected.
129.5-130.0 | BE Ina. Removed "Cs; fell in from the ground surface.
0.0-20.0 SS D Included ®Cs.

_ d g 137, ; :

40-02-03 20.5-21.5 P Inc. Included "*’Cs; possible transfer lmg leak.

Replaced SGLS ®Cs with HRLS (w/no shield) *’Cs.
22.0-23.5 P Ina. Included P’Cs; possible transfer line leak.*

* Source - Source of contamination in judgment of analyst.

b8S- 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.

JIna, - Inapplicable to apply SFA in this instance.

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

Borehole Depth
Number | Interval (ft) | Source® | SFA® Disposition/Comments
Replaced SGLS "*’Cs with HRLS (w/external shield) *Cs.
24.0-27.5 P Ina. Included *’Cs; possible transfer line leak.*
Replaced SGLS "’Cs with HRLS (w/no shield) *’Cs.
28.0-310 P Ina. Included "*’Cs; possible transfer line leak.*
40-02-03 — :
(con’t)) 31.5-47.5 P Inc. Included *’Cs; possible transfer line leak.
48.0 - 56.5 BE Local | Removed "’Cs; appears to be dragdown.
57.0-62.0 P Inc. Included "’Cs; possible transfer line leak.
62.5-98.5 BE Ina. Removed "*’Cs; appears to be dragdown.
0.0-9.0 SS Ina. Included ¥7Cs.
40-02-04
9.5-144.5 None Ina. No man-made contaminants detected.
0.0-27.0 SS Inc. Included "Cs.
27.5-43.5 BE Ina. Removed ’Cs; appears to be dragdown.
40-02-05
44.0-87.5 None Ina. No man-made contaminants detected.
88.0-99.0 BE Ina. Removed ""'Cs; fell in from the ground surface.
0.0-2.0 SS Ina. Included ¥’Cs and “°Co.
2.5-45.0 BE & SS | Ina. Removed *Cs; appears to be dragdown. Included %°Co.*
400207 1 455 54.5 SS Ina. Included "*’Cs and %Co.
55.0-90.0 BE Ina. Removed P’Cs; appears to be dragdown.*
90.5-95.5 BE Ina. Removed ’Cs; fell in from the ground surface.
0.0-30.0 ss D Included "*’Cs and *Co.
40-02-08
30.5-41.5 BE Ina. Removed "*’Cs; appears to be dragdown.*

2 Source - Source of contamination in judgment of analyst.

®SS- 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.

81Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
" Local - Contamination is confined to the vicinity of the boréhole casing.

IR - Contamination is remote from the borehole.

JIna, - Inapplicable to apply SFA in this instance.

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

Borehole Depth
Number | Interval (ft) | Source® | SFA® Disposition/Comments
42.0 - 55.0 SS .D Included *’Cs and %Co.

40-02-08 | 55-5-57.0 BE Ina. Removed *'Cs; appears to be dragdown. *

(con’t.) 57.5-99.0 None Ina_. No man-made contaminants detected.
99.5-100.0 |BE Ina. Removed "*’Cs; fell in from the ground surface.
0.0-2.0 SS Ina. Included ®’Cs.

25-120 None Ina. No man-made contaminants detected.

40-02-10 | 12.5-13.0 BE Ina. Removed ’Cs; appears to be dragdown.
13.5-99.5 None Ina. No man-made contaminants detected.

100.0 BE Ina. Removed *'Cs; fell in from the ground surface.
0.0-2.5 SS Ina. Included "’Cs.

40-02-11 | 3.0-99.5 None Ina. No man-made contaminants detected.
100.0-100.5 | BE Ina. Removed "*"Cs; fell in from the ground surface.
0.0-0.5 BE Ina. Removed '*Cs; appears to be surface shine.

1.0 - 14.0 None Ina. No man-made contaminants detected.

40-03-01
14.5-15.0 BE Ina. Removed "*’Cs; appears to be dragdown.
15.5-98.5 None Ina. No man-made contaminants detected.
0.0-5.5 Ss Ina. Included P’Cs.

40-03-03 | 6.0-6.5 BE Ina. Removed "’Cs; appears to be dragdown.*
7.0-123.5 None Ina. No man-made contaminants detected.

40-03-05 10.0-1.0 BE Ina. Removed *"Cs; appears to be surface shine.

2 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.

8Inc. - 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.

¥1na. - Inapplicable to apply SFA in this instance.

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

Borehole Depth

Number | Interval (ft) | Source® | SFA® Disposition/Comments

1.5-48.0 None Ina. No man-made contaminants detected.

?:)&31-;)5 48.5-72.5 BE&P | Ina. ﬁﬁ%‘;d;zgs: appears to be dragdown; perforated casing.
73.0-148.0 | None Ina. No man-made contaminants detected.
0.0 BE Ina. Removed "*"Cs; appears to be surface shine.

40-03-06
0.5-98.5 None Ina. No man-made contaminants detected.

_ 0.0-55 SS Ina. Included Cs.

40-03-08 | 6.0-11.0 BE Ina. Removed "’Cs; appears to be dragdown. *
11.5-96.0 None Ina. No man-made contaminants detected.
0.0-2.5 SS Ina. Included "’Cs and “Co.
3.0-50.5 BE & SS | Ina. Removed "*’Cs; appears to be dragdown. Included ®Co.*

40-03-09 51.0 - 58.0 None Ina. No man-made contaminants detected.

Removed "*’Cs; appears to be dragdown; fell in from the

58.5-130.0 | BE Ina. around surface,

0.0 BE Ina. Removed ""Cs; appears to be surface shine.
40-03-11

0.5-98.5 None Ina. No man-made contaminants detected.

0.0-2.0 Ss D Included "Cs.

2.5-18.0 BE Inc. Removed ¥’Cs; appears to be dragdown.*
40-04-01 | 18.5-44.0 BE Ina. Removed "’Cs; appears to be dragdown.

445-62.5 BE Ina. Removed "*’Cs; appears to be dragdown. *

63.0-98.0 BE Ina. Removed P®'Cs; appears to be dragdown.

2 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.

2Inc. - 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.

iIna. - Inapplicable to apply SFA in this instance.

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

Borehole Depth : .
Number | Interval (ft) | Source® | SFA® Disposition/Comments
0.0-4.5 SS Inc. Included "’Cs.
5.0-36.5 BE Inc. Removed P"Cs; appears to be dragdown.*
37.0-38.0 P R Included "’Cs; probable S-104 tank leak.
137, H H 137

e e e T
46.0-47.0 P R Included "’Cs; probable S-104 tank leak.
47.5-95.0 BE Inc. Removed "*’Cs; appears to be dragdown. *
95.5-111.0 | BE Ina. Removed "*’Cs; appears to be dragdown.
111,5-120.0 | BE Ina. Removed *’Cs; appears to be dragdown.*
120.5-134.0 | BE Ina. Removed *'Cs; appears to be dragdown.
0.0-18.0 SS D Included B’Cs.
18.5-45.0 BE Ina. Removed '*'Cs; appears to be dragdown.

40-04-07 | 45.5-51.0 BE Ina. Removed "*"Cs; appears to be dragdown.*
51.5-54.0 P _D Included "*’Cs; probable S-104 tank leak.
54.5-975 BE Ina. Removed "’Cs; appears to be dragdown.
0.0-24.5 SS D Included P'Cs.

40-04-08 | 25.0-30.0 BE Ina. Removed ®Cs; appears to be d}agdown.*
30.5-48.0 BE Ina. Removed "’Cs; appears to be dragdown.
0.0-2.5 Ss D Included ¥’Cs.

40-05-03 | 3.0-24.0 BE Ina. Removed "*’Cs; appears to be dragdown. *
24.5-35.0 None Ina. No man-made contaminants detected.

2 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.
b 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 S Tank Farm Report.

DOE/Grand Junction Office Addendum to the S Tank Farm Report
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Table D-1 (con’t.). Summary of Interpreted Data Set for the S Tank Farm

Borehole Depth
Number | Interval (ftf) | Source® | SFA® Disposition/Comments
35.5-36.0 BE Ina. Removed "*’Cs; appears to be dragdown.
36.5-89.0 None Ina. No man-made contaminants detected.
40-0,5 -03 89.5 BE Ina. Removed "’Cs; appears to be dragdown.
(con’t.)
90.0 - 100.0 None Ina. No man-made contaminants detected.
100.5 BE Ina. Removed "’Cs; fell in from the ground surface.
0.0-19.5 BE Ina. Removed "*’Cs; appears to be dragdown. *
20.0 - 56.5 None Ina. No man-made contaminants detected.
40-05-07
57.0 BE Ina. Removed ""Cs; appears to be dragdown.
57.5-96.5 None Ina. No man-made contaminants detected.
0.0-15 BE Ina. Removed P’Cs; appears to be surface shine.
2.0-9.0 None Ina. No man-made contaminants detected.
40-05-08
9.5-12.0 BE Ina. Removed "’Cs; appears to be dragdown.*
12.5-98.5 None Ina. No man-made contaminants detected.
00-15 BE Ina. Removed ’Cs; appears to be surface shine.
40-05-10
2.0-89.5 None Ina. No man-made contaminants detected.
0.0-85 BE Ina. Removed **’Cs; appears to be dragdown.
40-06-02 | 9.0-14.0 BE Ina. Removed "*’Cs; appears to be dragdown. *
14.5-99.5 None Ina. No man-made contaminants detected.
0.0-45 BE Ina, Removed "*’Cs; appears to be dragdown.
40-06-04
5.0-125.0 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.

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

IR - Contamination is remote from the borehole.

JIna. - Inapplicable to apply SFA in this instance.

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

Borehole Depth
Number | Interval (ft) | Source® | SFA° Disposition/Comments
0.0 BE Ina. Removed "*’Cs; appears to be surface shine.
40-06-05
0.5 - 140.5 None Ina. No man-made contaminants detected.
0.0 BE Ina. Removed "*Cs; appears to be surface shine.
0.5-31.0 BE Ina. Removed "’Cs; appears to be dragdown.
40-06-06 | 31.5-57.5 None Ina. No man-made contaminants detected.
58.0 - 60.0 BE Ina. Removed "*’Cs; appears to be dragdown.
60.5 - 96.5 None Ina. No man-made contaminants detected.
40-06-08 | 0.0-97.0 None Ina. No man-made contaminants detected.
0.0-2.5 SS Ina. Included *Cs.
3.0-9.0 None Ina. No man-made contaminants detected.
40-06-09
9.5-32.0 BE Ina. Removed "*’Cs; appears to be dragdown.
32.5-99.0 None Ina. No man-made contaminants detected.
0.0-6.0 SS Inc. Included "’Cs.
6.5-23.0 BE Ina. Removed *’Cs; appears to be dragdown.*
23.5-39.0 None Ina. No man-made contaminants detected.
00701 | 395-435 p Inc. i::ll(\‘xded 137Cs; correlates w/40-04-05; probable S-104 tank
44.0 - 51.5 None Ina. No man-made contaminants detected.
52.0 BE Ina. Removed P’Cs; appears to be dragdown.
52.5-98.5 None Ina. No man-made contaminants detected.
99.0 BE Ina. Removed "*’Cs; fell in from the ground surface.

3 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.
81nc. - 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 S Tank Farm Report.
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Table D-1 (con't.). Summary of Interpreted Data Set for the S Tank Farm

Borehole Depth
Number | Interval (ft) | Source® | SFA® Disposition/Comments
00-1.5 SS Ina. Included **Cs.
40-07-04 |2.0-101.5 None Ina. No man-made contaminants detected.
102.0 BE Ina. Removed "’Cs; fell in from the ground surface.
0.0-0.5 SS Ina. Included "*"Cs.
1.0-4.0 BE Ina. Removed *Cs; appears to be dragdown.*
40-07-06
4.5-98.0 None Ina. No man-made contaminants detected.
98.5 BE Ina. Removed *’Cs; fell in from the ground surface.
0.0-11.5 SS Ina. Included ¥"Cs.
12.0-20.5 None Ina. No man-made contaminants detected.
21.0 BE Ina. Removed "’Cs; appears to be dragdown.
21.5-25.0 None Ina. No man-made contaminants detected.
40-07-08 25.5-30.0 BE Ina. Removed "*’Cs; appears to be dragdown. *
30.5-81.0 None Ina. No man-made contaminants detected.
81.5 BE Ina. Removed *’Cs; appears to be dragdown.
82.0-98.5 None Ina. No man-made contaminants detected.
99.0 BE Ina. Removed "*’Cs; fell in from the ground surface.
0.0-160 . |BE Ina. Removed "*’Cs; appears to be dragdown.*
40-07-10
16.5 - 98.5 None Ina. No man-made contaminants detected.
0.0-11.0 SS D Included *Cs.
40-07-11
11.5-57.0 BE Inc. Removed 7Cs; appears to be dragdown.*

2 Source - Source of contamination in judgment of analyst.

b8S- 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.
%L ocal - Contamination is confined to the vicinity of the borehole casing.

IR - Contamination is remote from the borehole.

JIna. - Inapplicable to apply SFA in this instance.

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

Borehole Depth
Number | Interval (ft) | Source® | SFA® Disposition/Comments
40-07-11 | 37-5-97.0 None Ina. No man-made contaminants detected.
(con’t) 97.5 BE Ina. Removed *'Cs; fell in from the ground surface.

0.0-1.0 BE Ina. Removed *’Cs; appears to be surface shine.
40-08-01

1.5-97.0 None Ina, No man-made contaminants detected.

0.0 BE Ina. Removed "Cs; appears to be surface shine.

0.5-125 BE Ina. Removed "*’Cs; appears to be dragdown.
40-08-06

13.0-99.0 None Ina. No man-made contaminants detected.

99.5 BE Ina. Removed ’Cs; fell in from the ground surface.

0.0-1.0 BE Ina. Removed *7Cs; appears to be surface shine.
40-08-08

1.5-97.5 None Ina. No man-made contaminants detected.

0.0 BE Ina. Removed ""Cs; appears to be surface shine.
40-08-09

0.5-95.0 None Ina. No man-made contaminants detected.

0.0 BE Ina. Removed P’Cs; appears to be surface shine.
40-08-12 | 0.5-4.5 BE Ina, Removed ¥°Cs; appears to be dragdown.

5.0-123.5 None Ina. No man-made contaminants detected.

0.0 BE Ina. Removed "’Cs; appears to be surface shine.
40-09-01

0.5-96.0 None Ina. No man-made contaminants detected.

0.0 BE Ina. Removed *’Cs; appears to be surface shine.
40-09-02 | 0.5-97.5 None Ina. No man-made contaminants detected.

98.0 BE Ina. Removed "Cs; fell in from the ground surface.

2 Source - Source of contamination in judgment of analyst.

b8S- 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.

81nc. - Inconclusive, generally due to low or rapidly changing concentrations.
11,0cal - Contamination is confined to the vicinity of the borehale 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 S Tank Farm Report.

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

Borehole Depth
Number | Interval (ft) | Source® | SFA® Disposition/Comments
0.0-1.0 BE Ina. Removed "’Cs; appears to be surface shine.
1.5-49.0 None Ina, No man-made contaminants detected.
49.5-63.5 BE Ina. Removed "*’Cs; appears to be dragdown; perforated casing,
40-09-05
64.0-108.0 | None Ina. No man-made contaminants detected.
108.5 BE Ina. Removed "*"Cs; appears to be dragdown.
109.0 - 141.5 | None Ina. No man-made contaminants detected.
0.0 BE Ina. Removed "*’Cs; appears to be surface shine.
40-09-06
0.5-98.0 None Ina. No man-made contaminants detected.
0.0-97.5 BE Ina. Removed *"Cs; appears to be surface shine.
40-09-08
1.5-975 None Ina. No man-made contaminants detected.
0.0 BE Ina. Removed B37Cs; appears to be surface shine.
40-09-09 | 0.5-2.5 BE Ina. Removed "*’Cs; appears to be dragdown.
3.0-138.0 None Ina, No man-made contaminants detected.
137, 60, 3
0.0-3.0 ss Ina. Incl.uded Cs a{ld Co. This borehole was not logged
during the baseline.*
Removed *"Cs; appears to be dragdown or *’Cs is in the
40-10-01 35-185.5 BE Ina grout. This borehole was drilled in 1970, possibly after the
’ ’ ’ surface spill had occurred. Borehole 40-00-04, which was
drilled in 1952, does not show as extensive dragdown.*
186.0 - 209.5 | None Ina, No man-made contaminants identified.*
137 60, H
40-00-04 | 0.0-3.5 ss Ina. Incl.uded Cs a{1d Co. This borehole was not logged
during the baseline.*

® 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.

E1Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
b 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 S Tank Farm Report.

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

Borehole Depth
Number | Interval (ft) | Source® | SFA® Disposition/Comments
Removed "*’Cs; appears to be dragdown or **’Cs is in the
40_00_04 4.0 - 214.5 BE Ina. grout.*
(con’t.)
215.0-219.0 | None Ina. No man-made contaminants identified.*
00-15 SS Ina. Included "Cs.
2.0-16.0 BE Ina. Removed "*’Cs; appears to be dragdown. *
40-10-03
16.5-97.0 None Ina. No man-made contaminants identified.
97.5 BE Ina, Removed *’Cs; fell in from the ground surface.
00-1.0 BE Ina. Removed ''Cs; appears to be surface shine.
40-10-05
1.5-98.0 None Ina. No man-made contaminants identified.
0.0-3.0 SS Ina. Included *"Cs.
35-15.0 BE Ina. Removed "*’Cs; appears to be dragdown. *
15.5-22.0 BE Ina. Removed "*’Cs; appears to be dragdown.
40-10-06
22.5-49.0 BE Ina. Removed "’Cs; appears to be dragdown.*
49.5-144.0 None Ina. No man-made contaminants identified.
137.0-144.0 | BE Ina. Removed "’Cs; fell in from the ground surface.
0.0-3.0 SS Ina. Included "Cs.
35-17.0 BE Ina. Removed ’Cs; appears to be dragdown.*
40-10-08 | 17-5-285 None Ina. No man-made contaminants identified.
29.0 BE Ina. Removed "’Cs; appears to be dragdown.
29.5-95.0 None Ina. No man-made contaminants identified.
95.5-100.0 | BE Ina. Removed *’Cs; fell in from the ground surface.

3 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

fD - Contamination distributed in formation.

8Inc. - Inconclusive, generally due to low or rapidly changing concentrations.
b 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 S Tank Farm Report.
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Table D-1 (con't.). Summary of Interpreted Data Set for the S Tank Farm

Borehole Depth
Number | Interval (ftf) | Source® | SFA® Disposition/Comments
0.0-25 SS Ina. Included "Cs.
‘3.0-9.5 None Ina. No man-made contaminants identified.
40-10-09 | 10.0 BE Ina. Removed "*’Cs; appears to be dragdown.
10.5-99.0 None Ina. No man-made contaminants identified.
99.5-100.5 |BE Ina. Removed "*’Cs; fell in from the ground surface.
0.0-2.0 SS Ina. | Included *'Cs.
25-15 BE Ina. Removed **’Cs; appears to be dragdown. *
40-10-13
8.0-122.0 None Ina. No man-made contaminants identified.
122.5-124.0 | BE Ina. Removed "’Cs; fell in from the ground surface.
0.0-2.0 Ss Ina. Included P’Cs.
25-7.0 BE Ina, Removed "’Cs; appears to be dragdown.*
ool 7.5-143.0 None Ina. No man-made contaminants identified.
143.5-144.5 | BE Ina. Removed "*'Cs; fell in from the ground surface.
0.0-1.5 Ss Ina. Included ®Cs.
20-7.0 BE Ina. Removed "*"Cs; appears to be dragdown.*
7.5-475 None Ina. No man-made contaminants identified.
40-00-06 | 48.0-50.0 BE Ina, Removed "*’Cs; appears to be dragdown; perforated casing.*
50.5-97.5 None Ina. No man-made contaminants identified.
98.0 BE Ina. Removed *’Cs; appears to be dragdown.
98.5-150.0 | None Ina. No man-made contaminants identified.

® 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.
" 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 S Tank Farm Report.

DOE/Grand Junction Ofﬁce-
August 2000
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Table D-1 (con't.). Summary of Interpreted Data Set for the S Tank Farm

Borehole Depth :
Number | Interval (ft) | Source®* | SFA*® Disposition/Comments
0.0-2.5 BE Ina. Removed '*Cs; appears to be dragdown.
40-11-05
3.0-975 None Ina. No man-made contaminants identified.
0.0 BE Ina. Removed P7Cs; appears to be surface shine.
0.5-13.5 BE Ina. Removed "*’Cs; appears to be dragdown. *
14.0 - 36.0 None Ina. No man-made contaminants identified.
40-11-07
36.0-41.5 BE Ina. Removed "*’Cs; appears to be dragdown. *
42.0-100.0 None Ina. No man-made contaminants identified.
100.5 BE Ina. Removed "*'Cs; fell in from the ground surface.
0.0-1.0 BE Ina. Removed *’Cs; appears to be surface shine.
40-11-08
1.5-97.5 None Ina. No man-made contaminants identified.
0.0 BE Ina. Removed "’Cs; appears to be surface shine.
40-11-09
0.5-98.5 None Ina. No man-made contaminants identified.
0.0 BE Ina. Removed 37Cs; appears to be surface shine.
40-12-02
0.5-99.5 None Ina. No man-made contaminants identified.
0.0-45 BE Ina. Removed "*’Cs; appears to be dragdown.*
50-70 BE Ina. Removed "*’Cs; appears to be dragdown.
40-12-04
7.5-125.0 None Ina. No man-made contaminants identified.
125.5-126.0 | BE Ina. Removed "*’Cs; fell in from the ground surface.
40-12-06 | 0-0-17.0 BE Ina. Removed "’Cs; appears to be dragdown.*
17.5-60.5 None Ina. No man-made contaminants identified.

* 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.

8Inc. - 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.

JIna. - Inapplicable to apply SFA in this instance.

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

Borehole Depth
Number | Interval (ft) | Source® | SFA® Disposition/Comments
40-12-06 | 61:0-63.0 BE Ina. Removed "*’Cs; appears to be dragdown. *
(con’t.) 63.5-144.0 | None Ina. No man-made contaminants identified.
0.0-0.5 BE Ina. Removed "*"Cs; appears to be surface shine.
40-12-07
1.0 - 98.5 None Ina. No man-made contaminants identified.
0.0 BE Ina. Removed "*"Cs; appears to be surface shine.
0.5-8.5 None Ina. No man-made contaminants identified.
9.0 BE Ina. Removed *"Cs; appears to be dragdown.
9.5-15.0 None Ina. No man-made contaminants identified.
40-12-09
15.5-25.5 BE Ina. Removed *'Cs; appears to be dragdown.*
26.0-29.0 None Ina. No man-made contaminants identified.
29.5 BE Ina. Removed ""Cs; appears to be dragdown.
30.0-99.0 None Ina. No man-made contaminants identified.

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,
8]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 S Tank Farm Report.
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Figure D-13. Summary of Interpreted Data Set for the S Tank Farm
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Appendix E
S Tank Farm Visualizations

ARSI RSN

LR PR

PR Ry

YR T AL X T O S A NGB OIRRCR Y Py




Assumed leakers (Hanlon 2000) are shown in red text.

660
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620+
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560~
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Cs-137 Concentration (pCilg) Panels of block diagram that face toward

107109 107 102 103 104 105 10° 107 reader are illustrated by heavy outlines.

Figure E-1. S Tank Farm Visualization
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Elev. (ft)

Assumed leakers (Hanlon 2000) are shown in red text.
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Figure E-2. S Tank Farm Visualization
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Assumed leakers (Hanlon 2000) are shown in red text.

660 | S-12
640, l 401208 49.42.04
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540~}
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] - | reader are illustrated by heavy outlines.
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Figure E-3. S Tank Farm Visualization
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The reader is advised to review Section 4 for discussions
regarding the limitations of this visualization.

Assumed leakers (Hanlon 2000) are shown in red text.
. S-112 S-109
*
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¢ Mo
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Depth of Horizontal Planar Slice @ 28 ft BGS

Cs-137 Isolevel = 0.5 pCilg
Cs-137 Concentration (pCi/g)
101 10° 101 102 10° 104 105 10% 107

Co-60 Isolevel = 0.1 pCilg

Co-60 Concentration (pCl/g)

|

0.1

Figure E-7. S Tank Farm Visualization

1

10



uoneziensip wie- yuej S °'g-3 aJnbi

0L 0L s0L 40IL ¢OL z0L 0L o0} -0}
er. 1 |
(6/19d) uonesyuasuo) LgL-SO

6/10d §'0 = [eAe|0S| LEL-SO

SOd U 68 ® 00|IS Jeue|d |ejuoziioH jo yideq

ajoyazog BuuIo)JUOIN e
LOL-S . voL-S L0L-S * 0LL-S ¢
AV G0l-S . 801-S * LLL-S
€0L-S 90L-S 601-S AR .
‘1xa3 pad uy umoys are (000Z UO|UBH) Siaxes] pawnssy

‘uopeZ|[BNSIA SIY} Jo suopeul] oYy Bujpiebas
SUOJSSNIS|P 10§ { UOIIIS MOIASS O} POSIAPE S| J8peal 3y L

Page E-9

Addendum to the S Tank Farm Report

DOE/Grand Junction Office

August 2000

R IRt RN

-ty T



uojjeziiensip ule yuel S ‘6-3 ainbi4

10} 901 0L +OL ¢OV 01 -o_‘ o0l ;-0

(6/10d) uopesussuod £

1-sD

6/i0d G0 = [oA8]0S| LEL-SO

S99 I Zv © 99)|S Jeueld |ejuozioH jo yideQ

ajoyasog Bupiojiuop e

LOL-S i

c0lL-S

€0L-S

GoL-S

901-S

L01-S

801-S

601-S

‘1x83 pad uf umoys ase (00QZ UOJUBH) Staxyes] pauwInssy

OLL-S .

LL-S

cil-S .

‘uogezZienSsIA Siy} Jo suogejwy| ey} Gupaebaa

SUO)SSNOSIP 10§  UORISS MBIASI O} POSIAPE S Jopeal sy}

Addendum to the S Tank Farm Report

DOE/Grand Junction Office

August 2000

Page E-10

R NP




uonezifensip wied yuel S ‘0L-g ainbi-

(0L 30L 0L 0L ¢OL zO0L 0L oOL -0}
(B/10d) uonenuUadUOY LEL-SD
B/10d g'0 = [9A8l0S| LEL-SD

ajoyasog Bujiopuoil e

€0L-s

S99 ¥ Ly © 80)iS Jeued jeyuozuoH jo yideq

| . 0LL-S .
S0LS © -+ - 8OLS  * LLL-S
%0Ls " B0L-S i AT .
1x8} pat uj umoys ase (000Z UOJUBH) Sia)ea) paunssy

‘uogezZ|ens|A siy} jo suogenwyy sy bugpsebaa
SUOISSNISIP 10}  UOIIDSS MBIASI O} POSIAPE S119peEad 8yl

Addendum to the S Tank Farm Report

DOE/Grand Junction Office

August 2000

Page E-11

v
i
4
‘

WA SRR




0l l
| }

uoneziensip wued yuel S i L-3 ainbi-

10 (0L 0L 0} vOL ¢OL 201 .00 0Ol -0}
[ e
(B10d) uonenuadU0Y L£L-SD
6/10d 6'0 = |12A9|0S] LEL-SO

(619d) uoeuasuocn g9-09
B/1od 10 = |12A8j0s] 09-00

S99 Y 5§ @ 99iS Jeueid [ejuozlioH Jjo yideq

ajoyasog Bupiojiuoly e
Lok-s e 0L-S L04-S y oi-s ¢
. S0Ls -+ ogOLS e s .
90L-S 601 . AN .
21X} pad ui umoys ase (QQ0Z UojUBH) sseyEd] pawinssy

‘uopeZI[eNnsIA SiU Jo suonepl oy Huiprebal
SUO0ISSNISIP 10} { UOOSS MBJASI O} PaSIApE Si Japeal ayl

Addendum to the S Tank Farm Report

DOE/Grand Junction Office

August 2000

Page E-12

}
¢




0

SUoHeZI[eNSIA Wue- Yuel S "Zi-3 ainbl4

(XY

l l
e

{6/10d) uogenuasuon g9-09
B/10d 1°0 = [onslost 09-00

0} 90L 50l yOL cOFL z0L ,0L o0} ,-01

g 1 ]
(610d) uogenuasuo) /g1-s9
Bn10d 60 = joAs|0S] LE1-SO

SDHE.Y £9 © 801iS Jeueld |ejuoziioH jo yidaq

ajoyasog Buniopuo e

—.O—.lw .H . *

Yoe

€01-S

S0L-S

20L-s

201-8 ¢ OLL-S ¢
* .- 80lS . LLL-S
601-S . Zii-S i
‘1x3) pad uj umoys ase (Q00Z UO|UBH) SIoxea] pauinssy

*UOREZIBNSIA SIU JO suonewyl oy} Buipiebal
SUOISSNISIP 10} ¥ UORI3S MBJASI O} POSIAPE S| Japeal aly )

Addendum to the S Tank Farm Report

DOE/Grand Junction Office

August 2000

Page E-13

e R

¥

T T




T s

25

st e

NG ST

0007 Isngny

921130 uondunf puelnH;/4Od

$1-9 98ed

yoday uLe, Jue], S Y3 0) WNPUSPPY

The reader is advised to review Section 4 for discussions
regarding the limitations of this visualization.

Assumed leakers (Hanlon 2000) are shown in red text.
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Figure E-13. S Tank Farm Visualization
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The reader is advised to review Section 4 for discussions
regarding the limitations of this visualization. Panels of block diagram that face toward

reader are illustrated by heavy outlines.
Assumed leakers (Hanlon 2000)
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Figure E-17. S Tank Farm Visualization



