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Abstract

Geophysical methods have been used for characterization of hydrogeol ogic conditionsand/or
contaminant distributionsat the Hanford Site sincethemid- to late-1940s. A review of these geophysical
methodsis presentedin two parts: 1) shallow surface-based geophysical methodsand 2) borehole
geophysical-loggingmethods.

Virtually all typesof surface-based geophysical methods have been tested, including ground-
penetrating radar (GPR), numerous el ectromagnetic, magnetic, seismic, and gravity methods. To date,
over 250 geophysical surveys have been conducted in portions of every ""Ared’ of the Hanford Site. The
most widely used geophysical methodsare GPR, frequency-domainel ectromagnetics(i.e., Geonics
EM-31), and metal detectors.

The geologic formationsthat make up the vadose zone are unconsolidated; thus, virtualy every
borehole iscased with schedule40 steel pipe. Thecasing, and in later yearsa grout annular seal,
have been the biggest factorsin determiningthe typesof logging methods used. Traditionally, gross
gammaray and neutron moisture probeswere the two most commonly used downhole tools. Recently,
spectral gammearray logging has replaced gross gamma-ray logging for most applications. Many other
techniques—including prompt fission neutron logging and neutron-gamma loggingfor specific el emental
analyses—have been tested and/or used for contaminant and lithol ogic characterizationin the subsurface.
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I ntroduction

Thispaper presentsareview of geophysical methodsused at Hanford in two parts, 1) shallow
surface-based geophysical methodsand 2) borehole geophysical methods. Thisreview was not intended
to be"dl encompassing,” but should represent the vast majority (>90% complete) of geophysical work
conducted onsite and aimed at hazardouswasteinvestigationsin the vadose zone and/or uppermost
groundwater aquifer(s). Thisreview did not cover geophysical methodsaimed at |arge-scale geologic
structuresor seismicity and, in particular, did not include those efforts conducted in support of the Basalt
Waste | solation Program. Thisreview focused primarily on the morerecent efforts.

Brief summariesof the geophysical methodsused at the Hanford Site follow. Included in the appen-
dicesare:

acatalog of the surface-based geophysical surveysconducted to date (Appendix A)
¢ ahibliography of Hanford-specificsurface-based geophysics (Appendix B)
abibliography of Hanford-specificborehole logging geophysics (Appendix C).

The reference numbers used throughout this report correspond to appendix and numerical listing for
referencein the corresponding bibliography.

Shallow Surface-Based Geophysical Methods

Geophysical methods have been used for the determinationof geologic conditionsat the Hanford Site
since 1955 (B-108). The use of geophysicsto support hazardous waste site investigationsat the Hanford
Sitewereinitiated by 1975 (B-103 and -1041). Virtually all types of geophysical methods have been
tested including ground-penetratingradar (GPR), numerous el ectromagnetic, magnetic, seismic, and
gravity methods. To date, more than 250 geophysical surveys have been conducted in portionsof every
"Ared" of the Hanford Site (Figure1). Appendix A isacatalog of these geophysical surveys, arranged by
Areaand Site. Table 1 providesa synopsisof thiscatalog, by describingthe methodsused, where and
when they were used, the objectivesof the surveys, and alist of availablereferences. The most widely
used geophysical methodsare GPR and electromagnetic induction (including metal detectors).
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Tablel. Summary of Shallow Surface-Based Geophysicsat the Hanford Site

References
Geophysical Method |  Area Site Type Dates Objectives (Appendix B)
Ground-PenetratingRadar
Calspan Corp. with (300 Buria Grounds, 1975 Detect size, distribution, 103, 104, 105
1000 MHz antenna Caissons and depth of buried objects
GSSI SRI 3, 7, 8, and {100,200, |Burial Grounds, Cribs,|{1981- Locate and map concen- |17, 19, 22, 23, 24,
10, with50-500 MHz {300,600, |Trenches, Retention |present (trationsof buried wastein |30, 33, 34, 35, 37,
antenna 700, Basins, Disposal Fits, buria grounds, and deter- (39, 42, 45, 58, 60,
1100,  |Ditches, ISV® Test mine depth of burial 62, 68, 77,79, 85,
3000 Sites, Suspected 86, 90, 106, 110,
Waste Sites, USTs®, 111,113,117
;.'F;' nes, Undisturbed Locate and map trench, 10, 12, 13, 15, 20,
crib, dry well (French 25,29,31, 32,35,
drain), septic system 36, 37, 38, 39, 40,
boundaries, and determine 41, 54, 65, 77,79,
depth of buria 81, 83, 88,93, 112
Site boreholes, soil gas 2,3,4,5,6,7,9 11,
points, and test pits 12, 15, 17, 19, 21,
22, 31, 38, 39, 59,
71, 73,74, 75,76,
78, 80, 82, 84, 87,
89,91, 92, 94, 116,
117
Locate and map pipelines |18, 28, 34, 36, 37,
and utilities, and determine|39, 40, 41, 43, 52,
depth of buria 110,112,118,119
Locateand map old 1, 8,27, 67
excavations
Locate USTs and deter- 1, 8, 34,43, 69
mine depth
Detect buried objectsor |10, 12, 13, 26, 30,
voidsand determinedepth |31, 35, 39, 110
L ocate, map, and charac- |46, 47, 53, 55, 106,
terize geologic materials  |109
and structures
Locate possibleleaks 110
Low-Frequency 300,600 |Cold Test Site(Little |1997 Development and testing |48
Electromagnetic Egypt), Buria Ground
Array




Tablel. (contd)

References
Geophysical Method |  Area Site Type Dates Objectives (Appendix B)
F-lectr omagnetics
PC Resistivity 200 Cribs, Undisturbed {1982, Detect geologic controls 96, 114
Areas 1993 on groundwater movement
Frequency Domain ~ |100,200, [Buria Grounds, Cribs, |1983- Map concentrationsof 17, 23, 24, 30, 33,
e.g., GeonicsEM31 300,600, [Trenches, Retention  |present |buried waste 34, 42, 86, 110, 113,
pnd EM31D) 1100 Basins, Disposal Pits, 116
gtf[segethletc(i:\A\gste L ocate and map pipes, 1, 8,10, 12, 13, 26,
Pipel}n Se\/\}ers utilities, tanks, and buried |30, 34, 35, 40, 42,
ISV TegtS’Si tes ’ s_tructu.r_es/features 110,112,116, 118
Undisturbed S| tes (including drums)
Map location and boun- (10, 12, 13, 23, 24,
daries of liquid disposal |27, 30, 33, 34, 40,
trenches, cribs, pits, and |67, 86
ditches
Identify/locate |eaks 110
Detect and map clastic 53
dikes
Time Domain 200 Cribs, Undisturbed 1993 Demonstration 46, 47,55, 109
Areas
Induced Polarization [200 Crib, Undisturbed Site| 1993 Demonstration 46,47, 55,110
Electrical Resistance (200 Test Sites 1996 Test capabilitiesand 101,102
[Tomography (ERT) limitationsof ERT to
detect and map leaks
Electromagnetic 300 Burial Ground 1999 Delineatedepth and lateral [NA
Offset Logging extent of conductivezones
(e.g., drums)
Metal Detectors(e.g., |100, 200, |Industrial Areas 1983-  |Locate and map pipes, 111,118
Fisher TW6, 300, 600, present |utilities, tanks, and buried
Metrotech 810) 700, structures/features
g 888 (including drums)
Burial Ground 1975- Determinepit boundaries |103,104, 105, 106,
present |and distributionof buried |111, 113
waste




Tablel. (contd)

References
Geophysical Method | Area Site Type Dates Objectives (Appendix B)
Magnetics
(e.g., Geometrics 100,200, (Buria Grounds, 1975-  |Determinepit boundaries (17, 45, 54, 105, 111,
(G816 and G856, 300, Disposal Pits, Cribs/ |present |and distributionof buried |117
Varian VIW 2302A1, (1100 Undisturbedareas, waste
Iilcsgrex EDA Omni ISV Test Site L ocate and map pipes, NA
utilities, and tanks
Geologic Controls 96,114
Seismic
Vertical Seismic 200 Cribs, Undisturbed 1994 Test techniquesfor 101
Profiling Areas obtaining velocity control
Refraction 200,300 |Cribs, Undisturbed 1975, Hydrogeol ogy 46, 47, 55, 109
Areas, Buria Grounds|1993
Reflection 200,300, |Cribs, Undisturbed 1975, Hydrogeol ogy 46,47, 55, 63, 64,
600 Areas, Buria Grounds|1991, 97,99, 100, 109
1993
2-D High Resolution {200 Cribs 1999 Determinelocation and NA
Reflectionwith distribution of DNAPL®
amplitudeoffset
technology
3-D Holographic 300 Burial Grounds 1980 Locate map and define 105
Imaging buried waste
Gravity
Worden Gravity 200 Undisturbed 1982 Hydrogeology 96, 114
Meter

(@) Indtuvitrification.
(b) Undergroundstoragetanks.
(c) Densenonaqueous-phaseliquid.

Ground-Penetrating Radar (GPR)

GPR ishy far themost widely used geophysical method at the Hanford Site. Thistechniqueisused
primarily for the detection and mapping of underground pipelines, utilities, buried debris, and other struc-
tures that might interferewith or impact drilling or other intrusive characterization or remediation
methods. A 300-MHz antenna has generally been preferred with a maximum depth of investigation of

|ess than —-16 ft.

Collins (1995) (B-48) recently demonstrated hol ographicimaging technology at a test site near the
618-10 burial ground (a.k.a., Little Egypt) and at the 618-4 burial ground.




Electromagnetics

Themost widely used el ectromagnetic method has been Frequency-Domain el ectromagnetics
(FDEM)—oprimarily using the Geonics Ground Conductivity Meter (EM-31 or -31D). Metal detectors
(and Time-Domain Electromagnetics[ TDEM]) are al so frequently used. Again the primary use of these
techniques has been for detection and mapping of underground pipelines, utilities, buried debris, and
other structures—primarily metallic or conductivematerials. The depth of investigation with these
techniquesis believed to be relatively shallow (<30 ft).

Lewisand Teel (1994) (B-66), suggested that electrical resistance tomography (ERT) might be the
most promising technology for leak detection. Narbutovskih and others (1996) (B-101 and -102)
demonstrated ERT’s ability to provideearly leak detection and the ability to install the needed electrode
arraysusing cone-penetrometer technology.

M agnetics

Tota field magnetic surveyshave been used extensively for the detection and mapping of buried
wasteand other ferrous objects. Recently, interest has been sparked regarding the potential for adaptation
of thistechnology to estimate the number of buried metallic drumsat asite.

Saismic Reflection

Narbutovskih (1993) (B-97) found that new seismic reflection technology has the potential for
providing the greatest resolutionof the subsurface hydrogeology than any other geophysical technique.
However, only very limited testing of these technologies have been performed.

Earth Sciences and Resources Ingtitute (University of South Carolina) staff recently tested the ability
of seismicreflection and amplitude verses offset (AV O) analysistechniquesto determine the location and
distribution of dense nonaqueous-phaseliquids (DNAPLs) near the 216-Z-9 Trench.

Borehole Geophysical L ogging Methods

Borehole geophysical logging methods have been used at the Hanford Site since the mid- to late-
1940s. The Hanford formation and most of the Ringold Formation that make up the vadose zone at the
Hanford Site are unconsolidated, non-lithified, and non-cemented. Thus, steel cased boreholes have been
the norm at the site sincethe 1940s. Thecasing, and in later years a grout annular seal, have been the
biggest factors in determining the types of logging methods used. Traditionally, grossgammaray and
neutron moisture have been the two most commonly used downhole tools. Recently, several other tech-
niques have been tested and/or used for contaminant and lithol ogic characterizationin the subsurface.



Table 2 isalist of logging types used at the Hanford Site, the approximatedatesthey were used, and
referencesthat either present data and data interpretation or discussinstrument design, calibration, or
some other aspect of the pertinent logging type. Also attached (Appendix C) isabibliography of bore-
hole geophysicsused a the Hanford Site. Thereferencenumberson Table 2 correspond to thosein the
bibliography. Unfortunately, most older logging data have not been reported, but thereisalot of infor-
mation on the morerecent logging efforts. References C-10, -26 through -32, -83, -84, -126, -155, and
-182 through -184 are compilations of logging data and are not included in Table 2.

Gross Gamma-Ray L ogging

The earliest logging at Hanford was gross gammearray logging at liquid waste disposal sites to monitor
the subsurfacedistribution of gamma-emittingcontaminants. Later, grossgammea-ray logging at tank
farms was initiated as a secondary method for lesk detection. Gross gammearray logging at tank farms
stopped in 1994. The earliest |ogs were obtained with Geiger-Muel ler detectors(later logging in high-
count rate zonesalso used GM detectors). Later logs were obtained with scintillation detectors.

A second major use of grossgammea-ray logging has been lithol ogiccharacterization. For the past
severa years, new boreholesare routinely logged for this purpose. More frequently, the old gross-gamma
logs are being incorporated into geologic interpretationsof the subsurfaceresulting in improved concep-
tual models.

Spectral Gamma-Ray L ogging

Spectral gamma-ray logging has replaced gross gammea-ray logging at the Hanford Site for most
applications. Spectral gamma-ray logging was developedin the 1970s, used sporadicallyin the 1980s,
and used much moreintensely in the 1990s. The dominant use has been contaminant monitoring and
characterizationfor waste management and environmental restorationpurposes. Spectral gamma-ray
logging has al so been used for lithologic characterization in new and uncontaminated boreholes (by
summing the potassium, uranium, and thorium channelsto obtain a natural gammalog). A third major
use of spectral gamma-ray logging has been facility support, such as determining subsurfaceconditions
before constructingnew transfer pipes.

Spectral gammarray logging was initiated at tank farmsin 1995 and used until 2000 to log essentially
every borehole within the farmsfor baseline characterization.

Neutron Moisture L ogging

The second most used logging toolsat the Hanford Site are neutron moisturetools. Neutron moisture
logging was used as early as the 1960sfor contaminant monitoring at liquid waste disposal facilitiesand
lithol ogic characterization. Another early use of thelogging data was measurement of moistureto aid
determination of soil thermal conductivityto evaluate heat dissipation (heat from radioactivedecay)
(C-141). Theearly neutron probe used a Pu-Be source for neutrons. However, its use was discontinued



Table2. Summary of Borehole Geophysical Logging Methods Used at Hanford

characterization

Log Type Use Dates References(Appendix C)
Geiger-Mudllertube 100 Areas 1947 - 1953 Data not reported or reported only in
200 Areas monthly status reports
Prototype gamma 200 Areasliquid waste 194
scintillation probe disposal sites
2™ generation gamma 200 Aressliquid waste 1955- 1961 1, 2,44, 126, 145
scintillation logging disposal sites
system
3™ generation gamma Contaminant monitoring | 1961 - 1973 1, 2,44, 126,127,156
scintillationlogging a liquid waste disposal
system sites
4" generation gamma Contaminant monitoring 1974 - early 33, 69, 83, 158
scintillation logging at liquid waste disposal 1990s
system (Gearhart-Owen sites
IndustriesModel 3200) 4 1ogic 1974-ealy  |3,4,5,6,7,8,9, 12,24,25,34, 56, 57,
characterization 1990s 60, 61, 73, 98, 99, 143, 144, 150, 151,
163, 164
Grossgammarray logging | Tank farm monitoring 1961 - 1994
(Geiger-Mueller tubes)
Grossgammearray logging | Tank farmmonitoring 1975- 1994 13, 87, 88,114,116,118,123,183
(Scintillationprabe)
Development Vans Contaminant monitoring | Early 1970s 23
'(spectral gammalogging
system)
Mobile Radionuclide Contaminant monitoring | —1982-1988 | 17, 19, 20, 146,173
AnalysisLaboratory
(spectral gamma)
Radionuclide Logging Contaminant monitoring 1993 - present | 36, 62, 64, 65, 66, 67, 68, 70, 76, 78,
System (HPGe and Nal and characterization 79, 86, 117,121,122, 142, 147, 148,
spectral gamma) 149,153,174,177,178
Interim ResponseAction | 1991 77
(CCly)
Lithologic 1990 - present | 70, 75, 86, 100, 106, 107, 108, 109,
characterization 131,152,179
CERCLA characterization | 1992 - present | 15, 16, 43, 45, 46, 49, 51, 52, 53, 63,
81, 82, 112,113,115, 132, 154, 158,
159,160
Facility support 1992 - 1998 35,42,47,48, 50, 54, 58, 101, 111,
119, 176
Tank farm 199510 2000 | 14, 80, 89, 90, 91, 92, 93, 124, 134,

135, 136, 137, 138, 158, 161, 162, 163,
164, 165, 166, 167, 168, 169, 170, 171,
172,184




Table2. (contd)

Log Type Use Dates References (Appendix C)
Neutron (moisture) Contaminant monitoring | 1963 - 1985 Data generally not reported. Original
logging logsavailable.

141
characterization 131, 182
Facility support 1998 101
Neutronflux logging Contaminant 1981,1982 71,72
characterization
Prompt Fission Neutron Contamination 1978,1984, 59,74
Logaing characterization 1993
Neutron- gammalogging | Contamination 1999 Datanot yet available.
(Cf source) characterization
Downhole Seismic Testing and development | 1994 - 1995 37, 38, 39, 103
Electrical Resistivity Testing and development | 1996 104,105, 120
Tomography
Temperaturelogging Numerous Hanford Site 1961 - 1974 Data not reported or reportedin
wellsfor contaminant 1974 --1982 | monthly status reports. Original logs
monitoring 1999 available.
125
Spontaneous Very few selected wells 1979--1987 | Datanot reported. Original logs
Potential/Resistivity and boreholes available.
Caliper Few selected wells and 1978--1990 | Datanot reported. Original logs
boreholes available.
Magnetic logging Very few selected, deep 1981 - 1984 Datanot reported. Original logs
wellsand boreholes available
Density Numerous wellsand 1976 - 1989 Data generaly not reported. Origind
boreholes for lithologic logsavailable.
characterization 8,9,56,57
Soniclogging Very few selected wells 1979 - 1985 Datanot reported. Original logs
and boreholes available.
MiscellaneousLogs Very few selected wells 1967 - 1995 Data not reported. Original
Schlumberger, Hallibuton, and
Birdwell logsavailable.
Indium and copper foils 216-Z-1A crib 1983 19,71, 72
216-Z-12 crib 1981,1989
Other nuclear logging Experimental and 1980s 20, 21, 22,94, 95, 129, 130, 139
techniques development




when more stringent radiation protection measures were implemented that made it difficultto shield
operating personnel (C-128). The probein use today usesan Am-Be source and logging focuses on
lithologic characterization, although somelogging for facility support has been done.

Temperaturel ogging

Temperaturelogging was done extensively in the 1960sand 1970sat the Hanford Site. Unfor-
tunately, no documentation of data or data interpretation was found during this compilationof geo-
physical logging. However, many, if not most, of the original logsexist in the geophysicslibrary at
PNNL. Thelogging system was used to log essentially every well on the Hanford Site beforethe early
1970s(C-128). The primary use of the data was to utilize the heat of disposed liquid wastesas a tracer to
determine subsurface movement of the waste.

Other Geophysical Borehole L ogging

Severa other typesof geophysical borehole logging were donein the past at the Hanford Site.
Monitoringof neutron fl ux down boreholesand prompt fission neutron logging were done to characterize
radionuclidecontaminants. Spontaneouspotential/resistivity logging, caliper logging, magneticlogging,
and sonic logging have all been donefor lithologic characterization. These latter methods have been used
primarily in deep boreholesinto basalt where no casingisrequired. All of these methods have been used
in only afew boreholesand, for the most part, the data and their interpretation are not reported.

Most recently, three new or revived logging methods have been tested at the Hanford Site. These
include neutron-gammalogging for specific elemental analysis, temperaturelogging, and spectral
gamrna-ray logging with new detectors designed to functionin zonesof high count ratesin which
previous detectors were saturated. Theresultsof theselogging efforts have not yet been published but
should be availablein fiscal year 2000.



Appendix A

Catalog of Shallow Surface Geophysical Surveys Arranged by Site
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Geophysical Methods Used Bibliography
Max.
Date(s) Downhole | Seismic Metal Depth Reference Ref.
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500 MHz Bergstrom
116-B-6B Crib 100-B GSSI SRI Confirm location and ERC IOM Mitchell, TH | 1998 NA NA
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300 MHz Bergstrom
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Drain with 300 Drain. TI-213 KA and JW
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Pump Station 10A with  |EM-31 and utilities and and KA
300 MHz unknown buried Bergstrom
; antenna structures, Al
116-C-2C Pluto Crib | 100-C GSS15R1 | Geonics Map associated pipes None (1) Mitchell, TH | 1998 NA NA
and Filter 10A with  |EM-32 and wtilities and and KA |
300 MHz unknown buried | Bergstrom
structures. |

P

0 Mitche,

8.93 burial ground 1) Feb-94. (1)8S, |1)No.
DP-067 (1) THand KA [2)Sep-94 [2)90  [2) Yes
WHC-SD-EN- | Bergs
TI-247(2). 2) Mitchell
100-D-32 Burial 100-D GSSI SR |Geonics Map western effluent None (1) Mitchell, TH [ 1999 NA NA
Ground 10A with |EM-31D {line and other and KA
200 MHz | subsurface features. | Bergstrom
100-D-6 Burial 100-D GSSISRI | Geonics Map westem effluent None (1) Mitchell, TH [ 1999 NA NA
Ground 10A with  |EM-31D line and other and KA
200 MHz subsurfacefeatures. Bergstrom
|antenna
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G Used . Bibliography
Max.
Date(s) Downhole | Seismic Metal Depth Reference Ref
Site/Location Area of Survey| GPR IP | Seismi (A i ERT | Gravily | Magnetics | Detector Other Survey Objectives (n) (Doc. No.) Author(s) Date Mumber | Abstract? | Comments

116-D-1A/1B Liquid | 100-D GSSISIR 8 Delineate utilities and | 14-16' | BHI-00396 Bergstrom,  |Jan-96 k13 Yes
Disposal Trench | and 10A subsurface features and KA, and TH

with 300 & trench boundary. Mitchell

100 MHz

I. i
B

4§ : | [
Delineate utilities and | 14-16' |ERC 10M Mitchell, TH
subsurface features, #039006 and KA
locate and map septic Bergstrom
system and piping, and
locate crib.
¢ T B

b

1.
|

- i ] ; : ! v
Delineate area of ERCIOM # Mitchell, TH | 1992, 1996
french drain and 039006 and KA
associated piping. Bergstrom

)07 |B , | M




Geophysical Methods Used Bibliography
Max,
Date(s) Downhole | Seismic Metal Depth Reference Ref
Site/Location Arca  |ofSurvey| GPR EM IP | Secismi (A ic) | Resistivity | ERT | Gravity | Magnetics | Detector Other Survey Objectives (ft) (Doc. No.) Author(s) Date Number | Abstract? | Comments

116-D-8 Cask 100-D 12-17-93 |GSSISIR 8 Locate french drain 10-14' | WHC-SD-EN- |Mitchell, TH | 1994 NA NA

with 300 associated with cask TI-224,10M  |and KA

MHz storage pad. #039006 Bergstrom

antenna

I
|

GSSI SIR 8 Delineate area of crib ERC IOM Mitchell, TH
and 10A and any underground #039006 and KA
with 300 iping. Bergstrom
MHz
antenna
12-29-93, |GSSI SIR 8 WHC-SD-EN- | Mitchell, TH
1-19-94  |with 300 TI-226 and KA
MHz Bergstrom
antenna

9V

WHC-SD-EN-
TI-227

10

Locate foundation of
building and arcas Ti-204, Rev. O
Solvent Storage MHz where solvents, etc.
antenna may have been
deposited.
190-D Sodium 100-D f GSSI SIR Locate and map ERC IOM Mitchell, TH [ 1997 NA NA  |Check
Dichromate North 10A with transfer line and #051508 and KA Sodium
Transfer Line 300 MHz identify all bends, Bergstrom Plume
| antenna encasements or other Documents|
P inl weak spos.
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Survey Objectives

5-5-92  |with 300 of the paint solvent TI-204, Rev. O |KA
MHz buildings and identify
antenna any excavations around |
the shop that may have
been used for disposal
([Salt Dissolving Pit | 100-D 5-27-92 |GSSISRI8 Locate salt-dissolving [10-12 | WHC-SD-EN- |Bergstrom, |1994 3 Yes.
with 300 pit. TI-204, Rev. O |KA
MHz
ium Dichromate | 100-D GSSI SIR Locate pipelineand ~ [9-12°  [None (1) Bergstrom,  |1999 NA NA
Pipeline from 10A with other utilities and KA, and TH
Transfer Station to 300 MHz struclures. Mitchell
183-DR antenna |
||Sodium Dichromate | 100-D 6-16-93 |GSSISIR 8 Locate subsurface 10-15" | WHC-SD-EN- |Bergstrom, |Oct-93 18 No.
Transfer Station with 300 pipes, utilities, and TI-178 KA, and TH |
MHz underground structures Mitchell
antenna related 1o transfer
station.
TP&L Trailer 100-D GSSI SIR Map utilities, pipelines, None (1) [Mitchell, TH | 1998 NA NA
Ground Rods 10A with and other subsurface and KA
300 MHz features. Bergstrom




gV

Waste Disposal 1-19-94 {trench. -
| Trench MHz
antenna
116-DR-7 Inkwell | 100-DR 1996 GSSI SRI Verify location of crib. ERC 10M Mitchell, TH | Jun-09 NA NA
rib 10A with #039006 and KA
500 MHz Bergstrom
antenna
116-DR-7 Inkwell | 100-DR 6-16-93 |GSSISIR 8 Verify location of crib. WHC-SD-EN- |Miichell, TH [Jan-94 83 No
Crib with 300 TI-179 and KA
MHz Bergstrom
antenna
116-DR-8 Crib 100-DR 12-15-93 |GSSI SIR 8 | Locate edges of crib 10-15'  |WHC-SD-EN- |Kunk, JA Mar-94 65 No.
with 300 TI-225 and
MHz Bergstrom,
antenna KA
a £ [ hz:l T = 4 =R e o
k3 : } S d 3 ;
132-DR-1 Waste 100-DR 12-29.93 |GSSISIR 8 Locate 132-DR-1 10-15" | WHC-SD-EN- |Bergstrom, |Aug-96 41 Yes
Water Pumping with 300 waste water pump TI-222 KA
|station MHz station and associated
antenna piping.
183-DR Sodium 100-DR None (1) Mitchell, TH [ 1999 NA NA Check
Dichromate Pipeline and KA Sodi
r Bergstrom Plume
D
rMO-WD Trailer Site | 100-DR GSSISIR Locate subsurface 0-14" MNone (1) Mitchell, TH | 1988 NA NA
10A with utilities and other and KA ‘
300 MHz buried objects/ debris. Bergstrom
antenna
100-F-1 Depression |100-F GSSISIR | Geonics Determine whether 10-18' |BHI-00343 Bergstrom, | Jul-95 a5 No
10 with EM-31D there is a subsurface Rev. 00 KA, and TH
300 MHz structure associated Mitchell
antenna with the depression.
= | ] = =% [ | | | J— e— F== | | . | [— f : | R F = i | =] = i ]

12-15.93,

7= | Methods Used Bibliography
Max.
Date(s) Downhole | Seismic Metal Depth Reference Ref.
Site/Location Area of Survey| GPR EM 1P Seismi A i Resistivity | ERT | Gravity | Magnetics | Detector Other Survey Objectives (ny (Doc. No.) Author(s) Date Number | Abstract? | Comments |
116-DR-3 Storage | 100-DR 6-14-93, |GSSISIR 8 Locate boundaries. 12-14 | WHC-SD-EN- [Miichell, TH |Nov.93 81 No.
Basin 6-28-93, |with 300 TI-177 and KA
8-17.93 |MHz Bergstrom

antenna
116-DR-4 Pluto Crib| 100-DR 6-16-93 |GSSISIR 8 Verify the location of |12-14' |WHC-SD-EN- |Bergstrom, |1993 20 Yes

with 300 the 105-DR Pluto Crib, TI-195 KA, and TH

MHz 116-DR-4. Mitchell
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Mitchell

Geophysical Methods Used Bibliography
Max
Date(s) Downhole |  Seismic Metal Depth Reference Ref.
Site/Location Area of Survey| GPR EM 1P Seismic | (Acoustic) | Resistivity | ERT | Gravity | Magnetics | Detector Other Survey Objectives (ft) (Doc. No.) Author(s) Date Fumber | Abstract? | Comments |
100-F-14 Vent Pipe |100-F GSSISIR | Geonics Determine whether 10-18" | BHI-00343 Bergstrom, | Jul-95 35 No
10 with EM-3ID there is a subsurface Rey. 00 KA, and TH
300 MHz struciure beneath the | Mitchell
antenna vent pipe and map
1 pipes.
‘IOB-F Building 100-F None (1) Mitchell, TH | 1999 NA NA
and KA
[116-F-14 100-F 1-30-93 X borehole siting WHC-SD-EN-  [Mitchell, TH | May-93 7% No
TI-126 and KA
Bergstrom
{ir1e-F-2 100-F 1-6-93 X borehole siting WHC-SD-EN- | Mitchell, Feb-93 76 no
Ti-114 , Kunk,
and KA
116-F-3 Fuel 100-F 1112/93 | GSSI SIR 8| Geonics Verify location of fuel |0-15 WHC-5D-EN- | 1) Bergstrom | 1) Jul-93. }i3 1) No.
Storage Basin with 300 |EM-31 storage basin trench TI-118 (1) and Mitchell [2) Jul-93 |2 12 2) Yes.
rench MHz and identify subsurface WHC-5A- 2)
b within 2018/CONF- | Bergstrom,
trench. 9310160-1 (2) |KA;
Mitchell,
TH; Kunk,
JR
116-F-4 Pluto Crib | 100-F 3.9.93, |GSSI SIR 8] Geonics | Determine extent of | 0-8' WHC-SD-EN- |Bergstrom, |Jun-93 10 No.
11293, |with 300 |EM-31 pluto crib and locate TI-119 KA, and TH
1-22-93, |MHz subsurface obstruc- ; Mitchell
3-17-93  |antenna tions.
116-F-5 Ball Washer | 100-F GSSI SIR Confirm locationand  |0-12 ERC 10M Bergstrom, [1997 NA NA
[[Crib 10A with map boundaries. #051553 KA, and TH
300 MHz Mitchell
antenna
116-F-6 100-F 116093 |x WHC-SD-EN- [1) 1) Jan-93. [1) 5. 1) No.
TIH5 (1), Bergstrom,  [2) Sep-94  [2)90 |2} Yes.
WHC-SD-EN- |KA, and TH
TI-247(2) Mitchell,
. 2) Mitchell
116-F-9D 100-F 31793 |X borehole siting WHC-SD-EN- | Bergstrom,  [Jun-93 9 No
TI-129 KA, and TH




Geophysical Methods Used Bibliograp |

Max. ' |
| Date(s) Downhole Seismic Metal Depth Reference Rel
Resistivity | ERT | Gravity | Magnetics | Detector ther () (Doc. No.)

I

PNL Parallel Pits 100-F GSS1SIR | Geonics  * {Locate and map the 10-18' | BHI-00343 Bergstrom, | Jul-95 9 No
10 with EM-31D pits, buried debris, and Rev. 00 KA, and TH
300 MHz h Mitchell
100-H-5 Disposal | 100-H GSSI SIR Locate and map trench ERC IOM Mitchell, TH | 1997 NA NA
Site 10A with and associaled #051553 * |and KA
300 MHz . features. Bergstrom
100-H-5 Sludge 100-H GSSISIR | Geonics ERC IOM Bergstrom, | 1997 NA NA
Trench 10A with  |EM-31D #051553 KA, and TH .
300 MHz Mitchell
| antenna
116-H-1 Liquid 100-H GSSI SIR Locate and accurately [12-15' |BHI-00715 Bergstrom, | Apr-96 39 Yes
Waste Disposal 10 with map location of inlet .
Trench 100 & 300 pipe, northern lobe of Mitchell, TH
MHz trench, unknown fea-
antenna tures, major concentra-
tionsof debris, pipe-
lines, utilities, etc..and
determine optimum
locations for core
penetrometer tech-
nology (CPT) holes

| i Ty Tk L LB
11116-H-3 Dummy GSSISIR 8 ERC IOM

||Decon French Drain with 300 and subsurface utilities #051553 and KA
MHz and buried debris. Bergstrom .
116-H-3 French 100-H : GSSI SIR Werify location of 14-16" |ERC I0OM Mitchell, TH | 1997 NA NA
Drain 10A with french drain. #051553 and KA
300 MHz Bergstrom
{antenna

s @ Eem 2w e B U, e, e, Fe|m M O BPm O pPeem ™™ | aumn: | ™R M E el e
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G ical Methods Used Bibliography
Max.
Date(s) Downhole |  Seismic Metal Depth Reference Ref.
Site/Location Area of Survey| GPR EM IP | Seismi (A ic) ity | ERT | Gravity | Magnetics | Detector Other Survey Objectives (fty (Doc. No.) Author{s) Date Mamber | Abstract? | Comments
118-H-1 Burial 100-H 9-93 GSSI SIR 8| Geonics Locate and map 10-14' | WHC-SD-EN- | 1) Bergstrom [ 1) Mar-94 | 1) 24 1) No.
(Ground with300 |EM-31D trenches, pits, and TI-207 (1) KA, 2) 1994 2, %0 2) No.
MHz buried debris within WHC-SD-EN- |Mitchell,
| antenna burial ground. Define DP-069 (2) TH, and JP
extent of anomalous Kiesler
region on northeast 2) Bergstrom
cormer. and Mitchell
118-H-2 Burial 100-H 9-93 GSSI SIR 8 | Geonics Locate two vaulis, 10-15"  |WHC-SD-EN- |1) KA 1) Mar-94 |1 23 |1)No.
Ground with 300 |EM-31D estimate their size, TI-208 (1), Bergstrom,  |2) 1994 210 2) No.
MHz determine thickness of WHC-SD-EN- | TH Mitchell,
antenna overlying fill, and DP-069 (2) and GJ
locate any additional Szwartz,
debris within burial 2) Bergstrom
ground. and Mitchell
118-H-3 100-H 993 GSSI SIR 8| Geonics Locate individual 10-15 ft | WHC-SD-EN- |1) KA 1) Mar-94 | 1) 86. 2) 1) No.
Construction Burial with 300  |EM-31D h i TI-209 (1). Bergstrom, |2) 1994 k1] 2) No.
Ground MHz of debris in trenches, WHC!SD-EN- | TH Mitchell,
antenna determine thickness of DP-069 (2) and GJ
overlying fill, and Szwanz. 2)
locate any edditional Bergstrom
debris within burial and Mitchell
zone.
128-H-1 Burial 100-H 12-93 GSSI SIR 8] Geonics Delineate subsurface  |0-11 WHC-SD-EN- |Szwartz, GJ, |11-Jul-94 156 Yes
Ground with 300 |EM-31D features in the 128-H-1 Ti-217 Mitchell, TH
MHz burn pit that may affect and KA
the emplacement of Bergstrom




Geophysical Methods Used Bibliography
Max. :
Date(s) Downhole |  Seismic Metal Depth Reference Ref.
Site/Location Area of Survey| GPR EM 1P Seismi (A ic) | Resistivity | ERT | Gravity | Magnetics | Detector Other Survey Objectives (fty (Doc. No.) Author(s) Date Nuamber | Abstract? | Comments
Sodium Dichromate | 100-H X X WHC-SD-EN- | 1) Mitchell, |1)0ct-92 |1)58. 2) |1) No.
Barrel Landfill ES-30(1). THand KA [2) Jul93 |12 2) Yes
WHC-SA-2018- | Bergstrom.
FP(2) 2) Berstrom,
Mitchell, and
Kunk

116-KE-1 Well Site | 100-KE GSSI SIR i 3 ERC IOM Mitchell, TH | 1998 NA NA
10A with #064927 and KA
300 MHz . Bergstrom
antenna

116-KE-3 Well Site | 100-KE GSSI SIR Map utilities, pipelines, ERC IOM Mitchell, TH | 1998 NA NA
10A with and other subsurface H064927 and KA
300 MHz features. Bergstrom
antenna
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G

ical Methods Used

GSSISIR
10A with
200-MHz

10A with
200-MHz
| antenna

GSSISIR

Downhole | Seismic
(Acoustic)

1

Resistivity

Metal

Dep(h Reference

(Doc. No.)

| Support excavation None (1)
| permits for test pits and
map edges of ditch.

Support excavation
permits for test pits and
one barehole and map
original surface of
pond.

Author(s)

Mitchell, TH [1999
and KA
Bergstrom

GSS1 SIR
10A with

200-MHz

antenna

Suppoit excavation
permits for test pits and

Mitchell, TH | 1999
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GSSI SIR

10A with subsurface tanks,
300-MHz

utilities, pipelines, and
|antenna unknown buried
' features.

GSS51 SIR

Locate subsurface None (1)
10A with

utilities, pipelines, and
300-MHz
|antenna

other buried features.
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G hods Used Bibliography
Max.
Date(s) Downhole |  Seismic Metal Depth Reference Ref.
Site/Localion Area of Survey| GPR EM IP | Seismi (A y | ERT | Gravity | Magnetics | Detector Other Survey Objectives () (Doc. No)) _Author(s) Date Toumber | Abstract? | Comments
300 Area Process | 300 GSSI SIR | Geonics Confirm the locations EMO-1032 Sandness, | Mar-91 1o Yes
Sewers and {System7  |EM-31 of the sewers as shown GA
lioactive liquid with on existing maps or to
waste sewers 300-MHz otherwise accurately
antenna determine their loca-
tions, and second, to
attempt to identify
locations of possible
leaks.
1) No.
2) no.
3) yes.
Detect underground No
EM-31 pipes, cables, or other TI-062 GA
with 100- subsurface features,
120-, and and to locate the
300-MHz boundaries of the
trench. |
{1307 Retention Basin | 300 GSSI SIR Detect underground WHC-SD-EN- [Sandness,  |Nov-91 11 No
System 7 pipes, cables, or other TI-062 GA
with 120- subsurface features.
and 500-
MHz
antenna

Map utilities, pipelines, None (1)

l|Fuel Oil Day Tanks 10A with and other subsurface and KA

300 and features. Bergstrom

400-MHz

antenna
184 Powerhouse 300 GSSI SIR Map utilities, pipelines,|0-12°  [None (1) Mitchell, TH | 1998, 1999 |NA NA
USTs 10A with and other subsurface and KA

300-MHz features. Bergstrom

{antenna




Geophysical Methods Used Bibliography
Max.
Date(s) Downhole |  Seismic Metal Depth Reference Ref.
Site/Location Area of Survey| GPR EM IP | Seismic | (Acoustic) | Resistivity | ERT | Gravity | Magnetics | Detector Other Survey Objectives (ft) (Doc. No.) Author(s) Date Namb Al 7 | Ce

{l618-1 Burial Ground | 300 GSSI SIR Map subsurface pits, BHI-00297, Mitchell, TH | 1995 NA NA

10A with trenches, buried debris, Rev. 1 and KA

300-MHz ete. within landfill, Bergstrom

antenna

k
A
i
|5 [

=k 2= o al he Lt B i i -l Sl L 970 o M

oTv

518-10 Burial GSSI S| BHI-00291- Bergstrom,  [Sep-97 42 Yes
lGround System8 |EM-3I1D of individual trenches, REV.1 KA; Bolin,
(4800) with locate highest concen- DJ; Mitchell,
300-MHz trations of debris, TH
antenna determine thickness of
fill, locate vertical pipe
unils.
618-11 Burial 300 GS5SISRI | Geonics |Delineate boundaries  [10-18' | BHI-00291- Bergstrom, | Sep-97 42 Yes
Ground System 10 |EM-31D of individual trenches, REV.1 KA, Bolin,
with 300- locate highest concen- DI, Mitchell,
MHz trations of debris, TH
antenna determine thickness of
fill, locate vertical pipe
units and caissons

Map subsurface pits,
trenches, buried debris,

etc. within landfill

[ = = | i | i ot | om— | o— | ] F i | | | i | | | L | r—m ) | i | [ |



IV

Geophysical Methods Used Bibliography
Metal Ref.
Site/Location GPR EM Magnetics | Detector Other Survey Objectives Date Number | Abstract?
{l618-4 Burial Ground | 100 GSSI SIR Geometrics | Fisher Determine depths of {Sep-91 1 No
System 7 G-856 TW6 fill, identify subsurface
with Proton [structures such as
120-MHz Precession trenches and pits, and
antenna Magneto- detect and map buried
meter wasle materials and
other significant
features.
S Y ) T =Ty =15 P B
.’?.‘:n?d;g-- ‘i fl a3l =IDINGE ] IINA S
RS E Ao AN s | [2) d
| 2
1]
s
18-4 Burial Ground | 100 LEMA, Also tested Support development 1) Apr- 1) 8. 1) Yes.
GSSI SIR RAMAC GPR and testing of the Low- 1995, 2} NA 3){2) No
10A with with 200-, 400- | Frequency Electro- 2) Sep- N4 J)NA
300-MHz MHz, and | GHz |magnetic Array 1997,
antenna antenna, and the  |{LEMA) for imaging 3 - |3 NA
G551 GPR unit sites with in the burial
with 500-MHz ground.
antenna at Little
Egypt. |
618-5 Burial Ground | 100 GSSI SIR Geometrics | Fisher Determine depths of WHC-SD-EN- |Sandness,  |Sep-91 1 No
System 7 G-856 TW6 fill, identify subsurface
with Proton structures such as
120-MHz Precession trenches and pits, and
antenna Magneto- detect and map buried
meter waste materials and
other significant
features,
18-5 Burial Ground | 300 GSSISIR | Geonics Identify burial trenches Mar-91 113 Yes
Perimeter System 7 |EM-31 and pits, determine the
with depth of fill, and locate
300-MHz waste materials,
antenna including any that
might be outside the
perimeter fences.
618-7 Burial Ground | 300 GSSISIR | Geonics Delineate the bound- May-95 33 No
10 with EM-31D aries of individual
300-MHz trenches, locate the
antenna highest concentrations
of debris within the
trenches, determine the
thickness of the fill
overlyingthe waste,
and evaluate and
resolve conflicting
histerical documenta-
tion.




Geophysical Methods Used Bibliography

Max.
Date(s) Downhole | Seismic Metal Depth Reference Ref,
Site/Location Area of Survey| GPR EM P Seismis (A ic) | Resistivity | ERT | Gravity | Magnetics | Detector Other Survey Objectives (i) {Doc. No.) Author(s) Date Numk Al 7 | Co
18-8 Burial Ground | 300 GSSISIR 7 X . Varian Fisher | Locate buried waste | 1511 PNL Letter Sandness,  |26-Jun-B7 |NA NA
with 50- VIW- TWS material and determine Repont GA
200-MHz 2302A1 |boundaries of waste #0002745, 10
antenna Cesium | trenches or pits Mary Sinclair

[Landfill 1A 300 GSSISIR | Geonics

Fisher Determine depths of Apr-92 113 No.
System7  [EM-31 G-B56 TW6 fill, identify subsurface TI-060 GA
with 120- Proton | structures such as
and Precession | trenches and pits, and
300-MHz Magneto- detect and map buried
| antenna meter waste materials and
other significant
features.
Landfill 1B 300 ERC IMO Bergstrom, | 1998 NA NA
#053474 KA, and TH
Mitchell
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Geophysical Methods Used ~ Bibliography
Max.
Date(s) Downhole | Seismic Metal Depth Reference Ref.
Site/Location Area of Survey| GPR EM 1P | Seismi (A i R ity | ERT | Gravity | Magnetics | Detector Other Survey Objectives (ft) (Doc. No.) Author(s) Date N amiby Abstract? | C
Landfill 1B 300 GSSISIR | Geonics Geometrics | Fisher Determine depths of WHC-SD-EN- |Sandness,  |Apr-92 13 No.
System7  |EM-31 G-856 TW6 fill, identify subsurface TI-060 GA
with 120- Proton structures such as
and Precession | trenches and pits, and
300-MHz Magneto- detect and map buried
{antenna meter waste materials and
other significant
features.
|Landfill 1C oo GSS1SIR | Geonics Geometrics | Fisher Determine depths of WHC-SD-EN-  |Sandness, Apr-92 i No.
System7  |EM-31 G-856 TWo6 fill, identify subsurface TI-060 GA
with 120- Proton structures such as
and Precession trenches and pits, and
300-MHz Magneto- detect and map buried
antenna meter waste materials and
other significant
Landfill 1D Bum Pit | 00 GSSI SIR  |Geonics Geometrics | Fisher | Determine depths of WHC-SD-EN- |Sandness, | Apr-92 113 Mo
[System7 |EM-31 G-B56 TW6 fill, identify subsurface TI-060 GA
with 120- Proton [structures such as
and Precession | trenches and pits, and
300-MHz N Magneto- detect and map buried
antenna meter waste materials and
other significant
! ll" .‘-" 4:"-_,! ?-, £ i .5-1\ 3] P'?_ -’-;;, i" “’I,SEJI i'%” E .!.”b.u" ;
| i b (s e
. , 2 7 16 |
Tk u;‘
et
|‘lI ¥
Fire Station 00 X ? Locate and map 15h G Sandness |1992 NA NA
underground fuel
age tanks, pipes,
and cables.
3000-1,2,3 4, 12 1000 X X Determine location, 15t PNL letter G Sandness |06-Nov-89 |NA NA
underground fuel depth, orientation, and report to Mark
storage tanks size of each tank. Also _|Morton, WHO
map pipes and cables.
3000-5,6 2000 X X Locate and map under- | 15 ft PNL letter G. Sandness |16-Aug-89 |NA NA
ground fuel storage report to Ron
tanks, pipes, and cables. Shuck, WHO
3000-8,9,10,11 3000 X X Locate and map 151 PNL letter G. Sandness | 16-Aug-89 |NA NA
underground fuel report to Ron
storage tanks, pipes, Shuck, WHO
and cables.
622-R Weather 600 X X Locate and map ISf PNL letter G. Sandness | 16-Aug-89 [NA NA
Station |underground fuel report to Ron
|storage tanks, pipes, Shuck, WHO
and cables.




Geophysical Methods Used Bibliography
Max.
Date(s) Downhole | Seismic Metal Depth Reference Ref.
Site/Location of Survey| GPR EM 1P Seismi A ic) | Resistivity | ERT | Gravity | Magnetics | Detector Other Survey Objectives ) (Doc. No.) Author(s) Date Number | Abstract? | Comments
||6652 L & P, ALE | 600 X X Locate and map 150 PNL letter G. Sandness | 10-May-90 |NA NA
underground fuel report to Mark
storage tanks, pipes, Maorton, WHO
cables.

Landfill, Wahluke §-4.92 EM-3IDL Magnetic the extent of waste site ER-001 F W
Is di at 2 areas.
| EDA Omni
Plus
H-83-L Military 600 7-27 thru Geonics Scil Locate and determine WHC-SD-EN- |Gustafuson | Dec-92 54 No
Landfill, Wahluke 8-4-92 EM-31DL | Magnetic the extent of waste sile. ER-001 Fw
Slope goadi
EDA Omni
Plus
North Slope 600 X WHC-SD-EN- |Bergstrom | Jul-93 14 No.
TI-124 and Mitchell
PSN-04 Military 600 7-27 thru Geonics | Scintrex Locate and determine WHC-SD-EN- |Gustafuson | Dec-92 54 No |
| Magnetic the extent of waste site ER-001

al 4 areas.




| ——) | — | — | ~—  — [— [ — —d  — [ o— -— —3 -2 | == ) = p— j—

wn

Geophysical Methods Used

Date(s) Downhole | Seismic

of Survey

1) Personal cation with Tom Mitchell and Kevin Bergstrom (1
{ote: Unhighlighted entries are in the WIDS data base.
NA = Not Available or Not Applicable.

Seismi

ol Bty
2-9-99). In WIDS.

Alhw(s)

_{. ]




Appendix B
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Bergstrom, K. A, and T. H. Mitchell. 1992. DataPackagefor GeophysicalInvestigationsd
RiverlandERA. WHC-SD-EN-DP-061, Westinghouse Hanford Company, Richland,
Washington.

Bergstrom, K. A, and T. H. Mitchell. 1993. Ground Penetrating Radar I nvestigationfor
Proposed Borehole, South Pond, 100 N Area. WHC-SD-EN-TI1-094, WestinghouseHanford
Company, Richland, Washington.

Bergstrom, K. A, and T. H. Mitchell. 1993. Ground Penetrating Radar | nvestigationfor
ProposedBorehole, 116-K-2,100 K Area. WHC-SD-EN-TI-092, Westinghouse Hanford
Company, Richland, Washington.

Bergstrom, K. A, and T. H. Mitchell. 1993. Ground Penetrating Radar | nvestigationfor
ProposedBorehole, 119-N, 100N Area. WHC-SD-EN-TI-090, WestinghouseHanford
Company, Richland, Washington.

Bergstrom, K. A, and T. H. Mitchell. 1993. Ground Penetrating Radar Investigationfor
ProposedBorehole, 116-F-6,100 FArea. WHC-SD-EN-TI-115, WestinghouseHanford
Company, Richland, Washington.

Bergstrom, K. A, and T. H. Mitchell. 1993. Ground Penetrating Radar I nvestigationfor
ProposedBorehole, 299-W15-218,200 West Area. WHC-SD-EN-TI1-096, Westinghouse
Hanford Company, Richland, Washington.

Bergstrom, K. A, and T. H. Mitchell. 1993. Ground Penetrating Radar Investigationfor
Proposed Borehole, 116-N-2,100 N Area. WHC-SD-EN-TI1-088, Westinghouse Hanford
Company, Richland, Washington.

Bergstrom, K. A, and T. H. Mitchell. 1993. Ground Penetrating Radar | nvestigationfor
RiverlandERA. WHC-SD-EN-TI-117, Rev. 0, WestinghouseHanford Company, Richland,
Washington.

Bergstrom, K. A, and T. H. Mitchell. 1993. Ground Penetrating Radar | nvestigationfor
ProposedBorehole, 116-F-9D, 100 FArea. WHC-SD-EN-TI-129, WestinghouseHanford
Company, Richland, Washington.

Bergstrom, K. A, and T. H. Mitchell. 1993. Geophysical Investigationd Trench 116-F-4,100
FArea. WHC-SD-EN-TI-119, Rev. 0, Westinghouse Hanford Company, Richland,
Washington.

Bergstrom, K. A, and T. H. Mitchell. 1993. Ground Penetrating Radar Investigationfor

Proposed WdI Sites, 299-W15-219,299-W15-220,299- W8-252, 200 West Area. WHC-SD-EN-
T1-153, Westinghouse Hanford Company, Richland, Washington.
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Bergstrom, K. A, T. H. Mitchell, and J. R. Kunk. 1993. Interpretation of Ground Penetrating
Radar data at the Hanford Site, Richland, Washington. WHC-SA-2018, COW-9310160-1,
Westinghouse Hanford Company, Richland, Washington. ABSTRACT: Ground-Penetrating
Radar (GPR) isbeing used extensively during characterizationand remediation of chemical and
radioactive waste sites at the Hanford Site in Washington State. Timeand money for GPR
investigations are often not included during the planning and budgeting phase. Therefore, GPR
investigationsmust beinexpensive and quick to minimize impact on already established budgets
and schedules. An approach tosurvey design, datacollection, and interpretation has been devel -
oped, which emphasizesspeed and budget with minimal impact on the integrity of the interpretation
or quality of thedata. Thefollowing simplerulesof thumb can be applied: 1) assemble as much
pre-survey informationas possible; 2) clearly define survey objectivesprior to designingthe survey
and determine which combination of geophysical methods will best meet the objectives; 3) continu-
ously communicatewith the client, before, during and after the investigation; 4) only experienced
GPR interpreters should acquirethe field data; 5) use real-time monitoring of thedatato determine
where and how much datato collect and assist in theinterpretation; 6) alwayserror' in favor of
collecting too much data; 7) surveys should have closely spaced (preferably 5 feet, no more than

10 feet) orthogonal profiles; 8) when possible, pull the antennaby hand.

Bergstrom, K. A, and T. H. Mitchell. 1993. Geophysical | nvestigation for Proposed Test Pit
116-F-3 1Q0F Area. WHC-SD-EN-TI-118, WestinghouseHanford Company, Richland,
Washington.

Bergstrom, K. A, and T. H. Mitchell. 1993. Ground Penetrating Radar | nvestigationfor North
Slope ERA. WHC-SD-EN-TI-124, WestinghouseHanford Company, Richland, Washington.

Bergstrom, K. A, T. H. Mitchell, and J. P. Kiedler. 1993. Geophysical I nvestigation for the
116-C-2A4 Pluto Crib, 100 B/C Area. WHC-SD-EN-TI-154, WestinghouseHanford Company,
Richland, Washington.

Bergstrom, K. A, and T. H. Mitchell. 1993. Ground Penetrating Radar | nvestigation at 216-
U-4 and 216-U-16; 200 West Area. WHC-SD-EN-TI-176, WestinghouseHanford Company,
Richland, Washington.

Bergstrom, K. A., T. H. Mitchell, and A. L. Langstaff. 1993. Geophysical | nvestigation of the
118-B-1Burial Grounds, 100-B/C Area, Hanford Site, Washington. WHC-SD-EN-TI-137,Rev. 0,
Westinghouse Hanford Company, Richland, Washington.

Bergstrom, K. A, and T. H. Mitchell. 1993. Geophysical | nvestigation of the Sodium
Dichromate Transfer Station, 100 D Area. WHC-SD-EN-TI-178, Rev. 0, Westinghouse
Hanford Company, Richland, Washington.

Bergstrom, K. A, and T. H. Mitchell. 1993. Geophysical | nvestigation of the 118-B-1 Burial

Ground, 100 B/C Area. WHC-SD-EN-TI-138, Westinghouse Hanford Company, Richland,
Washington.
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Bergstrom, K. A. 1993. Geophysicd Surveyd 105-DR Pluto Crib, 116-DR-4, 100-D Area

WHC-SD-EN-TI-195, Westinghouse Hanford Company, Richland, Washington. ABSTRACT:
The objective of this Geophysical Survey wasto verify the location of the 105-DR Pluto Crib, 116-
DR-4. A surface monument currently marksitslocation. The cribis10 feet by 10 feet and 15 feet
deep. Ground-Penetrating Radar was the geophysical method selected to conduct the investigation.

Bergstrom, K. A, and T. H. Mitchell. 1994. Geophysical Surveyfor Proposed Borehole 199-K-
1984, 100-K Area. WHC-SD-EN-T1-228, Westinghouse Hanford Company, Richland,
Washington. ABSTRACT: The objectiveof the electromagnetic survey wasto locate subsurface
obstructions that may affect thedrilling of proposed borehole, 199-K-108A, —75 ft southeast of the
105 KW Building, 100-K Area. Based upon the resultsof the survey, possibledrill siteswithin the
zone, withtheleast likelihood of encounteringidentified obstructions, wereidentified.

Bergstrom, K. A, and T. H. Mitchell. 1994. DataPackagefor Geophysicallnvestigation d
Burial Ground118-B-1; 100 B/C Area. WHC-SD-EN-DP-066, WestinghouseHanford
Company, Richland, Washington.

Bergstrom, K. A, T. H. Mitchell, and G. J. Szwartz. 1994. Geophysica Investigationd the
118-H-2Burial Ground, 100 HArea, Hanford Site, Washington. WHC-SD-EN-TI-208, Rev. 0,
WestinghouseHanford Company, Richland, Washington.

Bergstrom, K. A, T. H. Mitchell, and Kieder. 1994. Geophysica Investigation d the 118-H-1
Burial Grounds, 100 HArea. WHC-SD-EN-TI-207, Rev. -0, Westinghouse Hanford Company,
Richland, Washington.

Bergstrom, K. A, T. H. Mitchell, and G. J. Szwartz. 1994. Geophysica Investigationd the
1607-D3 SepticSystem, 100D Area. WHC-SD-EN-TI1-227,Rev. 0, Westinghouse Hanford
Company, Richland, Washington.

Bergstrom, K. A. 1994. Geophysicd investigationd the Thimble, >100-HArea. WHC-SD-
EN-TI-210, WestinghouseHanford Company, Richland, Washington. ABSTRACT: This
report summarizestheresults of the geophysical investigationsconducted as part of the characteri-
zation of theburied" Thimble" site. Thesiteislocated just south of the 116-H-2 Crib and isin the
100-HR-2 Operable Unit. Available documentation has located it between, and at the convergence
of, two railroad spursthat run north-south. A concrete monument isbelieved to mark the site. The
buria ground is suspected of containing a vertical safety rod thimblethat isreportedly 40 ft long.
Ground-penetratingradar (GPR) and el ectromagnetic induction (EMI) were the two techniques
used in theinvestigation. The methodswere sel ected becausethey are non-intrusive, relatively fast,
economical, and have been used successfully in other similar investigationson the Hanford Site.
The objective of theinvestigationwasto |locate the buried thimble.

Bergstrom, K. A. 1994. Geophysicd Investigationd the 216-B-3-1Ditch, Operable Unit 200-

BP-11, 200 East Area. WHC-SD-EN-TI1-281, Westinghouse Hanford Company, Richland,
Washington. ABSTRACT: Ditch 216-B-3-1islocated within the 200-BP-11 Operabl e Unit,
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located immediately northeast of the 200 East Area. At onetime, it drained into B Pond. Theditch
has been filled with soil and the surrounding areareclaimed. Thereisno remaining physical
evidence showing the original location of the ditch. Survey stakeswere recently emplaced that
show the documented location of the ditch from survey coordinates. The objective of thisinvesti-
gation wasto verify the staked location of the ditch with non-intrusivegeophysical methods.
Ground-penetratingradar (GPR) and electromagneticinduction (EMI) were the methods sel ected
for theinvestigation. GPR has been used successfully to locate similar ditchesin other parts of the
Hanford Reservation. EMI was used becauseit is much quicker to collect and interpret, and if
successful, could be used to rapidly map the entirelength of the ditch. Resultsare discussed.

Bergstrom, K. A. 1994. Geophysical | nvestigation of 216-U-8 Clay Vitrified Pipe Transfer
Line, 200 West Area. WHC-SD-EN-T1-241, WestinghouseHanford Company, Richland,
Washington. ABSTRACT: Two geophysical surveyswere conducted over avitrified clay
pipeline (VCP) that was used to transfer liquid radioactivewaste from the 224-U Buildingto the
216-U-8 and 216-U-12 cribs. The objectivesof the surveyswere to locate the VCPin the northern
site, locate the bendsin the VCPin the southern site, and locate possible utilitiesor pipelinesat
both sites. Ground-penetratingradar (GPR) was the method chosen for the surveys. Electromag-
netic induction (EMI) was also used at the southern site to map the extent of a possible pipeline. It
isvery difficult to detect most VCPs with GPR, however, excavation boundariesfor the pipelineare
often discernible. The VCP wasnot identifiedin the GPR data at the northern site. Its anticipated
depth was 10-12 ft. The VCP at the southern site appearsto be much shallower. The data suggests
it may be5 ft or less below the surfacein places. The edgesof the excavationfromN100 to N190
arebetween E120 and E135 and were quitedistinctin thedata. However, the excavation bound-
ariesweren't apparent north of N190, suggesting that the VVCP bends to the north near N200.
Severa profiles were extended beyond N200. These profiles detected a linear, with the character-
istic signature of a pipeline, -3 ft below the surface. There was no previous knowledge of the
pipeline. Thelinear wastraced across the entire surface contamination areawith an EMI
geophysical tool.

Bergstrom, K. A, and J. W. Fassett. 1994. Geophysical | nvestigationsof French Drain
116-B-9, and Dry Well 116-B-10,100 B/C Area. WHC-SD-EN-T1-213, WestinghouseHanford
Company, Richland, Washington. ABSTRACT: French Drain 116-B-9 and Dry Well 116-B-10
are both located within the 100 B/C-2 Operable Unit, 100 B/C Area(Figure 1). The 116-B-9
French Drain is—4 ft in diameter by 3-ft-deep. The exact location or use of thedrainisnot clear.
The 116-B-10 Dry Well isa 3 ft-diameter, tile-lined well on a concrete slab, 7 ft below the surface,
overlain by amanhole cover (DOE-RL 1991). The exact |ocation of the well isuncertain. The
objectiveof the survey wasto locatethe Dry Well and the French Drain. The areato be investi-
gated had several buildingsin the area which subsequently have been tom down. Ground pene-
tratingradar (GPR) wasthe geophysical method chosen for the investigation.

Bergstrom, K. A.,and T. H. Mitchell. 1994. Data Packagefor Geophysical Studies at the
118-H-1,118-H-2,118-H-3, and Thimble Burial Grounds, 100 H Area. WHC-SD-EN-DP-069,
WestinghouseHanford Company, Richland, Washington.
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Bergstrom, K. A. 1994. Ground-Penetrating Radar | nvestigations Conductedin the 100 Areas,
Hanford Site: Fiscal Year 1992. WHC-SD-EN-T1-204, WestinghouseHanford Company,
Richland, Washington. ABSTRACT: During Fiscal Year 1992, the Geophysics Group conducted
forty-five Ground-PenetratingRadar (GPR) surveysin the 100 Areas (Figure1). Objectivesfor the
investigationsvaried, from locating cribs, trenches, and septic systemsto hel ping site boreholes.
Theresultsof eachinvestigation were deliveredto clientsin the form of amap that summarized the
interpretationof agiven site. No formal reports were prepared. The purposeof this document isto
show where and why each of the surveyswas conducted. The data and interpretationof each
survey are availableby contacting the Westinghouse Hanford Company, GeophysicsGroup. A
map showing the locationand basic parametersof each survey can be found in the Appendicesof
thisreport.

Bergstrom, K. A, T. H. Mitchell,and B. J. Bolin. 1995. Geophysical | nvestigation of the
120-KE-3and 118-K-2 Sites, 100-KR-2 OperableUnit. BHI-00180-Rev.0, Bechtel Hanford,
Inc.,, Richland, Washington. ABSTRACT: Geophysical investigationsusing ground-penetrating
radar (GPR) and el ectromagneticinduction (EMI) were conducted at two waste sites, 120-KE-3 and
118-K-2,in the 100-K Area. The 120-KE-3 wastesite (Figure2), also known asthe 183-Filter
Water Facility Trench and 100-KE-3, received sulfuric acid Sudge from sulfuric acid storagetanks
that were contaminated with 700 kg of mercury. Part or dl of the trench wasexcavated when an
outside contractor attempted to recover the mercury. The actua size of the 'disturbed area from
the trench and subsequent excavationis unknown. The objectiveof the geophysical investigation
was to locate the original or reworked trench.

Bergstrom,K. A., T. H. Mitchell,and B. J. Bolin. 1995. Geophysical I nvestigationsof the
618-7 Burial Ground, 300-FF-2 Operable Unit. BHI-00313,Rev. 0, Bechtel Hanford, Inc.,
Richland, Washington.

Bergstrom, K. A., T. H. Mitchell,and B. J. Bolin. 1995. Geophysical | nvestigationsof the
316-4 (300 North Crib), the 618-8 Burial Ground, the 618-13 (Mound), the Undocumented Solid
Waste Burial Ground, the Solid Waste Burial Ground (Early Burial Ground) and the Burial
Trench West of the Process Trenches, 300-FF-2 OperableUnit. BHI-00212, Rev. 0, Bechtel
Hanford, Inc., Richland, Washington.

Bergstrom, K. A.,and T. H. Mitchell. 1995. Geophysical I nvestigationsof the 100-F-1
Depression, 100-F-14 VVent Pipe, PNL Parallel Pits, 100-FR-2 Operable Unit. BHI-00343,
Rev. 0, Bechtel Hanford, I nc., Richland, Washington.

Bergstrom,K. A., and T. H. Mitchell. 1996. Geophysical | nvestigationsof the 116-D-14 and
116-D-1B Liquid Waste Disposal Trenches, 100-D Area, 100-DR-1 OperableUnit. BHI-00396,
Rev. 0, Bechtel Hanford, Inc., Richland, Washington. ABSTRACT: Thisreportisacompila
tion of the results from four separate Ground-Penetrating Radar (GPR) investigationsconducted
over or near Liquid Waste Disposa Trenches 116-D-1A and 116-D-1B in the 100-D Area. The
bulk of the data are from threeinvestigationsconducted between September 1991 and February
1992. The objectives, grid spacing, recording windows, and antennas varied with each
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investigation. These data were compiled and additional GPR data were collected to fill in gaps
from theearlier surveys. Thisreport integrates these data setsinto a singleinterpretation.

Bergstrom, K. A.,and T. H. Mitchell. 1996. Geophysical I nvestigation of the 116-B-11
Retention Basin, 116-B-l Liquid Waste Disposal Trench, and 116-B-13 Sludge Trench, 100-
BC-I Operable Unit. BHI-00717, Bechtel Hanford, Inc., Richland, Washington. ABSTRACT:
Thisreport summarizesthe results of geophysical investigationsand dataintegration conducted for
the 116-B-1 liquid wastedisposal trench, the 116-B-11 retention basin, and the 116-B-13 sludge
trench, which aredl located at the 100-BC-1 Operable Unit (Figure1). Theobjectives of this
investigationinclude the following: map the extent of 116-B-1 trench and any anomal ous debris/
material that may have been buried in it; locateand accurately map the wallsand pipelines asso-
ciated with the 116-B-11retention basin; and locate and map the 116-B-13 sludge trench.

Bergstrom, K. A., and T. H. Mitchell. 1996. Geophysical | nvestigation of the 116-C-5
Retention Basin 100-BC-1, Operable Unit. BHI-00716, Bechtel Hanford, Inc., Richland,
Washington. ABSTRACT" Thisreport providesa summary of theresultsof geophysical investi-
gationsand dataintegration conducted for the 116-C-5 Retention Basin. The retention basin and
the surroundingterrain have changed significantly since they werein operation. Numerous piles of
soil and debris, that appear to berelated to the remova of thewalls, are found throughout the site.
The objectivesof thisinvestigationinclude: locate and accurately map the perimeter of thetwo
retention basins; locate and accurately map any unknown features(e.g., major concentration of
debris, pipelines, and utilities) that could be afactor during subsurfaceremediation work; and
determine optimum locationsfor cone penetrometersand test pitsthat are to be used to assessthe
presenceof subsurface contamination.

Bergstrom, K. A., and T. H. Mitchell. 1996. Geophysical I nvestigation of the 7116-H-1 Liquid
Waste Disposal Trench, 100-HR-1 OperableUnit. BHI-00715, Bechtel Hanford, Inc., Richland,
Washington. ABSTRACT: A geophysical investigation and dataintegrationwere conducted for
the 116-H-1 Liquid Waste Disposal Trench, whichislocated in the 100-HR-1 Operable Unit. The
116-H-1 Liquid Waste Disposal Trenchisaso known asthe 107-H Liquid Waste Disposal Trench,
the 107-H Rupture Effluent Trench, and the 107-H Trench (Deford and Einan 1995). Thetrench
was primarily used to hold effluent from the 107-H Retention Basin that had become radioactive
from contact with ruptured fuel elements. The effluent may include debris from the ruptured fuel
elements (Koop 1964). The 116-H-1 Liquid Waste Disposal Trench wasalso used to hold water
and dudge from the 107-H Retention Basin during the basin's deactivationin 1965.

Bergstrom, K. A.,and T. H. Mitchell. 1996. Geophysical | nvestigationsin the Group 11Sites
100-D Area. BHI-00786, Bechtel Hanford, Inc., Richland, Washington. ABSTRACT: This
document containsthe results of a geophysical investigation of nine Group1I sites: 1) 116-D-7 and
116-DR-9 Retention Basins; 2) 116-DR- 1 and 116-DR-2 Liquid Effluent Trenches; 3) 107-D-1,
107-D-2, 107-D-3, 107-D-4, and 107-D-5 Sludge trenches. All nine siteswere directly associated
with the operation of the retention basinswhich arelocated in the 100-DR-1 Operable Unit. An
areasouth of 116-D-7 was al so investigated as an areathat may have contained buried debris. The
objectivesof thisinvestigation includethe following: 1) locate, map, and/or verify locations of
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subsurfacepipelinesand utilities; 2) locate and map five sludge disposal trenches; 3) map the extent
of 116-DR-1 and 116-DR-2 liquid disposal trenches; 4) locate and accurately map any unknown
features(e.g., major concentration of debris, pipelines, and utilities) that could be a factor during
subsurfaceremediation work.

Bergstrom, K. A. 1996. Geophysical I nvestigation of the 716-DR-6 Liquid Waste Disposal
Trench and the 132-DR-1 Waste Water Pumping Station, 700D Area. WHC-SD-EN-T1-222,
Rev. 0, Westinghouse Hanford Company, Richland, Washington. ABSTRACT: Ground-
penetrating radar investigations were conducted at the covered-over locations of the 116-DR-6
Liquid Waste Disposal Trench and the 132-DR-1 Waste Water Pumping Station to better define
the actual subsurfacelocationsof these facilitiesand to locate any piping that may passinto them.
These surveyswere only partially successful.

Bergstrom, K. A., D. J. Bolin,and T. H. Mitchell. 1997. Geophysical I nvestigation of the 618-
10 and 618-11 Burial Grounds, 300-FF-2 Operable Unit. BHI1-00291-Rev. 1, Bechtel Hanford,
Inc., Richland, Washington. ABSTRACT: This doc'ument summarizestheresults of geophysica
investigationsconducted at two radioactive solid waste burial grounds, 618-10 and 618-11. The
burial groundsare located —4.5 milesand 7 milesnorth of the 300 Area, respectively. Thesesites
are within the 300-FF-2 Operabl e Unit, where geophysical techniques are being used to charac-
terize the distribution of solid wastein the subsurfaceas part of the Limited Field Investigationsfor
this operable unit.

Bergstrom, K. A, T. H. Mitchell,J. J. Sharp, and K. M. Singleton. 1998. ERC Geophysical

I nvestigation Summary, Building 221-U, 200 West Area. BH1-01182, Bechtel Hanford Inc.,
Richland, Washington. ABSTRACT: Thisreport summarizesthe geophysical investigation and
survey of the 221- U Plant, southernside of building. Theeffective depth of investigationwas0 to
14 ft throughout most of the survey area. Theoverall data quality was very good. Numerous
pipelinesand utilitieswere detected. Some correl ated with available drawings while others could
not berelated to adrawing. Table 1 summarizeseach GPR linear that was detected. Throughout
the northern haf of the site, scattered subsurface anomaliesand anomal ous zones (high concen-
tration of anomalies) were detected. Most rangein depth from 1- to 6-ft and have the charac-
teristicsof anthropogenicfeatures. Dueto the proximity of the site to the 221-U Building, it is
anticipated that the majority of the anomalies are construction debris, possibly related to the
construction of the plant. However, thereisno direct evidence of their true origin. A buried tank
isbelieved to belocated in the vicinity of N570/E150. Availabledrawings show that it isroughly
25 ft below grade. Although the tank was not detected with GPR, the approximate location of the
tank was estimated from circumstantial evidence (i.e., surface features, subsurface pipe locations).
Final interpretation maps were made for thesite. The depthsto each linear, anomaly, and

anomal ous zone are shown on the interpretation maps.

Berven, B. A, J. E. Nyquist, M. S. Blair, C. A. Little,and R. B. Gammage. 1989. Automation
of Geophysical Surveys Used in Assessment of Hazardous Waste. COW-891053-2, Oak Ridge
National Laboratory, Tennessee. ABSTRACT: Geophysical surveys generally involve non-
invasive measurementsmade from the ground surface to assess subterranean physical formations.
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These surveys can serve to locate subsurface contamination or assist in understanding the potential
movement of these materialsin groundwater. Oak Ridge National Laboratory has recently merged
two technol ogiesto automate geophysical measurements. The terrain conductivity meter (Geonics
EM-31) measures subsurface conductivity detecting anomaliessuch as water-filled trenches or
buried water or gaslines. The Ultra Sonic Ranging and Data System was devel oped to locate a
surveyor on a specified areausing triangulation with ultrasonic time-of-flight positioning. The
surveyor's position is transmitted once a second to a microcomputer in thefield. Simultaneously,
the measurement taken by the surveyor's portable instrument i s a so transmitted to the micro-
computer using aradiofrequency link. Up to 3,600 paired measurements and | ocations can be
stored directly in amicrocomputer for analysiseach hour. Thisrepresentsa significant advance
over conventional techniques by providing more datawith fewer errors (related to transcription of
information) in which the data can be analyzed in thefield. Output from the analysisincludes
report-ready tables, two-dimensional contour plots, and three-dimensional mesh plots. With these
plots, areas of high subsurface conductivity can bereadily visualized whilein thefield so that any
additional data needed can be obtained sooner with less cost.

Clark,S. W. 1992. Geophysical Surveysat theHorn RapidsLandfill. WHC-SD-EN-TI-015,
Rev. 0, Westinghouse Hanford Company, Richland, Washington.

Clayton, E. A. 1993. Integrated Test Plan for Demonstration of Surface Geophysicsat the
VOC-Arid ID Host Site. WHC-SD-EN-AP-116, Rev. 0, WestinghouseHanford Company,
Richland, Washington.

Clayton, E. A., and R. E. Lewis. 1995. Data Fusion QualitativeSensitivity Analysis. PNL-
10393, Battelle Pacific Northwest L abor atories, Richland, Washington. ABSTRACT: Data
fusionisthe mathematical combination (or fusion) of disparate data setsinto a singleinterpretation.
The data fusion softwaredeveloped by CRC wasinitially demonstrated on a data set collected at
the Hanford Site wherethreetypes of data were combined. These datawere 1) seismic reflection,
2) saismicrefraction, and 3) depth to geologic horizons. The fused resultsincluded-a contour map
of thetop of alow-permeability horizon. Thisreport discussestheresultsof a sensitivity analysis
of data fusion softwareto variationsin itsinput parameters.

Callins,H. D, R. P. Gribble, T. E. Hall, and W. M. Lechelt. 1995. Ultra Wide Band Radar
Holographiclmaging of Buried Waste at DOE Sites. PNL-SA-25908, CONF-950450-12,
Battelle Pacific Northwest L abor atories, Richland, Washington. ABSTRACT: Ultra wideband
linear array holography is a unique real-time imaging techniquefor in situ inspection of buried
wasteat variousDOE sites. The array can be mounted on various platforms such as crane booms,
pickup trucks, ATVs, and scanned generating '3-D' subsurfaceimagesin real time. Inspection
speedsare 0.5 to 2 meters/sec, if theimageisviewedin real time, greater for off-lineprocessing.
The Ground PenetratingHol ographic (GPH) system developed for inspection of DOE sites employs
two 32-element arrays of tapered-slot antenna operatingat 5-GHz and 2.5-GHz center frequencies.
The GPH system, which is mounted on a small trailer with a computer image processor, display,
and power supply, is capable of imaging a wide swath (1 to 2 meters) withitslinear arrays. The
lower frequency array will be used at INEL (for greater depth penetration) because of high soil
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attenuation. Recent holographic'3-D' imagesof buried waste container lids and diel ectricsobtained
in Hanford sand and INEL soilsat variousdepths graphically illustrate the uniqueimage resol ution
capabilitiesof the system. Experimental results using the 5-GHz array will be presented showing
the excellent holographic image quality of various subsurface targetsin sand and INEL soil.

Drnevich, V. P., R. Slgado, A. Ashmawy, W. P. Grant, and P. Vallenas. 1995. |nterpretation of
Large-Strain Geophysical Crosshole Tests. WHC-SA-2959, COW-9511128-14, Westinghouse
Hanford Company, Richland, Washington. ABSTRACT: A seismic crossholetest hasbeen
developed wherelarge dynamic forcesare applied in aborehole. This paper providesan improved,
systematic interpretationscheme for the data from these large-straingeophysical crossholetests.
Useismade of both the measured vel ocitiesat each sensor and the travel times. The measured
velocity at each sensor location is shown to be a good measure of the soil particle velocity at that
location. Travel timesto specificfeatureson the velocity time history, such asfirst crossover, are
used to generate travel time curvesfor the waveswhich are nonlinear. At somedistancethe
amplitudesreduce to where the stress-strain behavior is essentialy linear and independent of strain
amplitude. Thisfact isused together with the measurements at the three sensor locationsin a
rational approach for fitting curvesof shear wave velocity versus distance from the source hole that
allow the determination of the shear wave velocity and the shear strain amplitudeat each of the
sensor locations as well as the shear wave vel ocity associated with small-strain (linear) behavior.

Elbring, G. J., and S. M. Narbutovskih. 1994. |ntegrated Test Plan for Cresswell Compres-
sional and Shear Wave Seismic Tomographyfor Site Characterization at the VOC Arid Site.
WHC-SD-EN-TP-039, Westinghouse Hanfor d Company, Richland, Washington.
ABSTRACT: Thisintegrated test plan describesthe demonstration of the crosswell acoustic
tomography techniqueas part of the Vol atile Organic Compounds-And Integrated Demonstration
(VOC-Arid ID). The purposeof thisdemonstration isto image the subsurface seismic velocity
structure and to relate the resulting vel ocity modd to lithology and saturation. Infiscal year (FY)
1994 an initial fielding will test three different downhole sourcesat two different sitesat the
Hanford U.S. Department of Energy facility to identify which sourceswill provide the energy
required to propagate between existing steel-cased wells at thesetwo sites. Oncethis hasbeen
established, a second fielding will performafull compressiona and shear wave tomographic survey
at themost favorablesite. Datareduction, analysis, and interpretation of thisfull data set will be
completed by the end of thisfisca year. Datacollection for a second survey will be completed by
theend of thefiscal year, and datareductionfor thisdata set will be completedin FY 1995. The
specific need is detailed subsurface characterization with minimum intrusion. Thistechniquealso
has applicationsfor long term vadose zone monitoring for both Resource Conservation and
Recovery Act (RCRA) waste storage facilitiesand for remediation monitoring. Images produced
are continuous between boreholes. Thisisa significantimprovement over the single point data
derived solely from coreinformation. Saturation changes, either naturally occurring (e.g., perched
water tables) or remediation-induced (e.g., water table mounding from injection wellsor during
inwell air sparging), could beimaged. These crosswell data allow optimal borehole placement for
groundwater remediation, associ ated monitoring wells, and possibly evaluation of the effective
influence of a particular remediation technique.
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Elbring, G. J. 1995. Comparison of Lower-Frequency (<1000 Hz) Downhole Seismic Sources
for Useat Environmental Sites. SAND-95-0344C, COW-950450-3, Sandia National L abora-
tory, Albuquerque, New Mexico. ABSTRACT: In conjunctionwith crosswell seismic surveying
being done at the Hanford Site in south-central Washington, four different downhole seismic
sources have been tested between the same set of boreholes. Thefour sources evaluated werethe
Bolt airgun, the OY O-Conoco orbital vibrator, and two Sandia-devel oped vertical vibrators,one
pneumatically driven and the other based on amagnetostrictive actuator. The sources generate
seismicenergy in the lower frequency range of lessthan 1000 Hz and have different frequency
characteristics, radiation patterns, energy levels, and operational considerations. A collection of
identical data setswithall four sourcesallowsthe direct comparison of these characteristicsand an
evaluation of the suitability of each sourcefor a given Site and target.

Fassett, J., and K. A. Bergstrom. 1996. Geophysical I nvestigation of the 216-U-1/2 Pipeline,
200 West Area. WHC-SD-EN-TI-262, Westinghouse Hanford Company, Richland, Wash-
ington. ABSTRACT: Ground-penetratingradar was used at threelocationsin an attempt to locate
and determinethe depth of the 216-U-1/2 pipeline. Many anomalieswerefound, all very useful to
the project, but only some of which wereidentified with the pipeline.

Fecht,K.R., B.N. Bjorngtad, D. G. Horton, G. V. Lag, S. P. Reidel, and K. A. Lindsey. 1999.
ClagticInjection Dikesof the Pasco Basin and Vicinity. BHI-01103, Rev. 0, Bechtel Hanford,
Inc., Richland, Washington. ABSTRACT: Theatlas providesa summary of the current under-
standing of clasticinjection dikesin the Pasco Basin and vicinity. Theatlasisa compilation of
photographs, maps, tables, illustrations, and text that providesasummary of the physical descrip-
tion, emplacement history and mechanisms, and hydrologic characteristicsof clastic injection dikes.
Theinformation that has been assembled is based on geologic, geophysical, and geohydrologic
investigationsconducted in the Pasco Basin and vicinity. This atlasincludesadescription of the
test results of surface-based, nonintrusivegeophysical surveysover buried clastic injection dikes.
Thetest methods used were ground-penetrating radar and el ectromagnetic induction.

Gustafson, F. W. 1992. Geophysical Surveysof Military Landfills Located on Hanford’s
Wahluke (North) Slope-1n Support of the Wahluke Siope Expedited Response Action. WHC-
SD-EN-ER-001, WestinghouseHanfor d Company, Richland, Washington.

Hoekstra, P., J. Vandergraft, M. Blohm, and D. Porter. 1993. Geophysical Data Fusion for
Subsurfacel maging. Phase 1. DOE/MC/29106-3531, Coleman Research Corp., Columbia,
Maryland. ABSTRACT: A geophysical datafusion methodology i s under devel opment to
combinedata from complementary geophysical sensorsand incorporate geophysical understanding
to obtain three-dimensional images of the subsurface. Theresearch reported hereisthe first phase
of athree-phaseproject. The project focuses on the characterization of thin clay lenses (aquitards)
in ahighly stratifiedsand and clay coastal geology to depths of up to 300 feet. The sensor suite
used in this work includes time-domain electromagnetic induction (TDEM) and near-surface
seismic techniques. During thisfirst phase of the project, enhancementsto the acquisition and
processing of TDEM data were studied, by use of smulated data, to assessimprovementsfor the
detection of thin clay layers. Secondly, studies were made of the use of compressiona wave and
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shear wave seismic reflection data by using state-of-the-art, high-fkequency vibrator technol ogy.
Finally, a newly devel oped processing technique, called "' data fusion,” was implementedto process
the geophysical data, and to incorporate a mathematical model of the subsurfacestrata. Examples
are given of theresultswhen applied to real seismicdata collected at Hanford, Washington, and for
simulated data based on the geology of the Savannah River Site.

Johnson, V.M., K. A. Lindsey,J.R. Serne, R. S. Edrington, and T. H. Mitchell. 1995. The
N-SpringsBarrier Wall Drilling Program Data Package. BHI-00135-Rev. 1, Bechtel Hanford,
Inc., Richland, Washington.

Kieder,J. P.,,and T. H. Mitchell. 1993. Ground Penetrating Radar | nvestigation Over Leaking
Pipe at U-Plant Cut; 200 West Area. WHC-SD-EN-TI-180, Westinghouse Hanford Company,
Richland, Washington.

Kieder,J. P.,,K. A. Bergstrom,and T. H. Mitchell. 1993. Geophysical | nvestigation of 218-W-
4AC Trenches #l and #4, 200 West. WHC-SD-EN-TI-174, Westinghouse Hanford Company,
Richland, Washington. ABSTRACT: Theobjective of these surveys wasto determinethe
effectivenessof ground-penetrating radar (GPR) for defining the depth and location of barrelsin
Burial Ground 218-W-4C, 200 West area of the Hanford Reservation. GPR data were collected in
aportion of trench (number sign) 1-module 3 and trench (number sign) 4. The GPR system used
for thiswork utilized a 300-megahertzantennato transmit the el ectromagnetic energy into the
ground. A percentageof the transmitted energy isreflected back to areceiving antennawhere
variationsin thereturn signal arerecorded. Common reflectorsinclude natural geologic conditions
such as bedding, cementation moisture and clay, or man-made objects such as pipes, barrels,
foundations, and buried wires. Depth of penetration, which varieswith changesin geology, ranged
from 10 to 15 feet for thissurvey. The method islimitedin depth by transmit power, receiver
sensitivity, and attenuationof the transmitted energy. Depth of investigationisalso limited by
highly conductive materials, such asmeta drums, whichreflect all the transmitted energy,
preventing investigation below such objects. Display and interpretationof the dataaresimilar to
that of seismicreflectiondata. In some areasinterpretationscan be straightforward; however,
unknown parameters within a highly variable subsurface often yield complex data.

Kieder, J. P. 1994. Geophysical | nvestigationfor Proposed Flow Meter I nstallation Holes,

| OCH Area. WHC-SD-EN-TI-263, WestinghouseHanford Company, Richland, Washington.
ABSTRACT: The objectivesof the surveyswere to locate subsurface obstructionsthat may affect
the drilling of two holesto befit with flow metersin the 100-H Areaof the Hanford Site (Figure 1).
Possibledrill siteswith the least likelihood of encountering identified obstructionswere identified
based upon the results of the survey. Ground-penetrating radar (GPR) was the method selected for
the investigations. The electromagneticinduction method was also used to verify that the general
siteisrelatively void of metallic debrisat depth.

Kieder, J. P. 1994. Geophysical | nvestigationof Trench 4, Burial Ground 218-W-4C, 200 West

Area. WHC-SD-EN-TI-285, Westinghouse Hanford Company, Richland, Washington.
ABSTRACT: Thisreport contains theresultsof a geophysical investigation conducted to
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characterize Trench 4, located in Burial Ground 218-W-4C, 200 West Area. Trench4 iswhere
transuranic (TRU) wasteis stored. The primary objective of these geophysical investigationswas
to determine the outer edges of the trench/modules and select |ocationsfor plate-bearingtests. The
test locationsare to be 5 to 8 ft. beyond the edges of thetrench. Secondary objectivesinclude
differentiatingbetween the different types of waste containers within a given trench, determining
theamount of soil cover over the waste containers, and |ocating the module boundaries. Ground-
penetratingradar (GPR) and electromagnetic induction (EMI) were the methods selected for this
investigation.

Kiedler,J. P. 1996. Geophysical Investigation of Selected Sitesin Burial Grounds218-W-34, -
4B, and -4C. WHC-SD-EN-TI-295, Westinghouse Hanford Company, Richland, Washington.

Kunk, J. R, and T. H. Mitchell. 1991. Geophysical Surveysat the 618-9 Burial Ground.
WHC-MR-0271, Westinghouse Hanford Company, Richland, Washington.

Kunk, J. R, S M. Narbutovskih, K. A. Bergstrom, and T. H. Mitchell. 1993. Phasel
Summary of SurjiaceGeophysical Studiesin the 300-FF-50perable Unit. WHC-SD-EN-TI-
069, Westinghouse Hanford Company, Richland, Washington.

Kunk, J R. 1993. Data Package for Geophysical Studiesin the 300-FF-50perable Unit.
WHC-SD-EN-DP-059, Westinghouse Hanford Company, Richland, Washington.

Kunk, J R, and K. A. Bergstrom. 1994. Geophysical | nvestigation of the 116-DR-8 Crib,
100 D Area. WHC-SD-EN-T1-225, Rev. 0, WestinghouseHanford Company, Richland,
Washington.

Lewis, R. E, and S S Ted. 1994. A Survey of Existingand Emerging Technologiesfor
External Detection of Liquid Leaksat the Hanford Site. PNL-10176, Pacific Northwest
Laboratory, Richland, Washington.

Mitchell, T. H., and J. R. Kunk. 1991. Geophysical Surveys at the 1100-EM-1 South Pit.
WHC-MR-0243, Westinghouse Hanford Company, Richland, Washington.

Mitchell, T. H, and K. A. Bergstrom. 1992. Geophysical Investigation at the Sodium
Dichromate Barrel Landfill. WHC-SD-EN-ES-30, \Westinghouse Hanford Company,
Richland, Washington.

Mitchell, T. H, and J. R. Kunk. 1992? 100-DR-1 Geophysical Surveys. WHC-MR-0257,
WestinghouseHanford Company, Richland, Washington.

Mitchell, T. H,, and J. R. Kunk. 1992? 100-HR-1 Geophysical Surveys. WHC-MR-0263,
Westinghouse Hanford Company, Richland, Washington.
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Mitchell, T. H, and K. A. Bergstrom. 1993. Ground Penetrating Radar Investigation for
Proposed Borehole, 1322-N, 100 N Area. WHC-SD-EN-TI-089, Westinghouse Hanford
Company, Richland, Washington.

Mitchell, T. H.,, and K. A. Bergstrom. 1993. Data Package for Geophysical | nvestigationsof
Sodium DichromateBarrel Landfill ERA. WHC-SD-EN-DP-061, WestinghouseHanford
Company, Richland, Washington.

Mitchell, T. H, and K. A. Bergstrom. 1993. Ground Penetrating Radar Investigationfor
Proposed Borehole, 116-KW-4A4, 100 K Area. WHC-SD-EN-TI1-093, WestinghouseHanford
Company, Richland, Washington.

Mitchell, T. H, and K. A. Bergstrom. 1993. Ground Penetrating Radar Investigationfor
Proposed Borehole, 116-KW-3A, 100 K Area. WHC-SD-EN-TI-095, Westinghouse Hanford
Company, Richland, Washington.

Mitchell, T. H.,, and K. A. Bergstrom. 1993. Ground Penetrating Radar Investigation for
Proposed Borehole, UN-100-N-17,100 N Area. WHC-SD-EN-TI-091, Westinghouse Hanford
Company, Richland, Washington.

Mitchell, T. H, J R Kunk, and K. A. Bergstrom. 1993. Ground Penetrating Radar Investiga-
tion for Proposed Borehole, 116-F-2,100 F Area. WHC-SD-EN-TI-114, Westinghouse
Hanford Company, Richland, Washington.

Mitchell, T. H, K. A. Bergstrom, and D. J. Hoff. 1993. Data Package for Geophysical
I nvestigation of the Nonradioactive Dangerous Waste Landfill (NRDWL). WHC-SD-EN-DP-
064, Westinghouse Hanford Company, Richland, Washington.

Mitchell, T. H, and K. A. Bergstrom. 1993. Ground Penetrating Radar |nvestigationfor
Proposed Borehole, 116-F-14, 100 F Area. WHC-SD-EN-TI-126, Westinghouse Hanford
Company, Richland, Washington.

Mitchell, T. H, K. A. Bergstrom, and D. J. Hoff. 1993. Geophysical Investigation of the
NonradioactiveDangerous Waste Landfill (NRDWL). WHC-SD-EN-TI-116, Westinghouse
Hanford Company, Richland, Washington.

Mitchell, T. H, and K. A. Bergstrom. 1993. Ground Penetrating Radar Investigation for
Proposed Wells, 299-w15-223 and 299-W15-25, 200 West Area. WHC-SD-EN-TI-196,
WestinghouseHanford Company, Richland, Washington.

Mitchell, T. H.,, and K. A. Bergstrorn. 1993. Ground Penetrating Radar Investigationat the

116-DR-3Burial Grounds,; 100 D Area. WHC-SD-EN-TI-177, WestinghouseHanford
Company, Richland, Washington.
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Mitchell, T. H. 1993. Geophysical Surveyfor Cone Penetrometer Site, CPT-4,200 West Area.
WHC-SD-EN-TI-162, Westinghouse Hanford Company, Richland, Washington.

ABSTRACT: Thisreport describesa geophysical survey performed at the Hanford Reservation.
The objectiveaf the survey wasto locate subsurface obstructionsthat may affect cone penetrometer
work at site CPT-4, adjacent to and west of borehole 299-W18-252, Figure 1. Based upon the
results of the survey, possible " drill sites” within the zone, with the least likelihood of encountering
identified obstructions, were identified.

Mitchell, T. H, and K. A. Bergstrom. 1994. Geophysical | nvestigation of 116-DR-7,100D
Area. WHC-SD-EN-TI-179, Rev. 0, Westinghouse Hanford Company, Richland, Washington.

Mitchell, T. H, and K. A. Bergstrom. 1994. Ground Penetrating Radar | nvestigation for
Proposed Borehole, 299-WI1-232,200 West Area. WHC-SD-EN-T1-141, Westinghouse
Hanford Company, Richland, Washington.

Mitchell, T. H., and K. A. Bergstrom. 1994. Data Package for Geophysical | nvestigation of
Burial Ground118-C-1; 100 B/C Area. WHC-SD-EN-DP-067, Westinghouse Hanford
Company, Richland, Washington.

Mitchell, T. H, K. A. Bergstrom, and G. J. Szwartz. 1994. Geophysical | nvestigation of the
118-H-3Burial Grounds, 100 H Area. WHC-SD-EN-TI-209, Rev. 0, Westinghouse Hanford
Company, Richland, Washington.

Mitchell, T. H, and K. A. Bergstrom. 1994. Ground Penetrating Radar | nvestigation for Cone
Penetrometer Survey: CPT-BT-23; 200West Area. WHC-SD-EN-TI1-193, Westinghouse
Hanford Company, Richland, Washington.

Mitchell, T. H, and K. A. Bergstrom. 1994. Geophysical | nvestigation of the 118-D-5 Ball 3X

Burial Ground, 100-D Area. WHC-SD-EN-TI-226, WestinghouseHanford Company,
Richland, Washington.

Mitchell, T. H. 1994. Geophysical Surveyfor Proposed Borehole 199-K-106A4, 100-K Area.
WHC-SD-EN-TI-230, Westinghouse Hanford Company, Richland, Washington.

ABSTRACT: Theobjectiveof the survey wasto |ocate subsurface obstructionsthat may affect the
drilling of proposed borehole, 199-K-106A, about 50 ft east of the 1,714 KW Building, 100-K
Area. Based upon theresults of the survey, possible drill siteswithin the zone—with the least
likelihood of encounteringidentified obstructions—wereidentified. The ground-penetratingradar
(GPR) system used for thiswork utilized a 300-MHz antennato transmit the el ectromagnetic(EM)
energy into theground. The transmitted energy isreflected back to areceiving antennawhere
variationsin thereturn signal are recorded. Common reflectorsincludenatural geologic conditions
such as bedding, cementation, moisture, and clay or man-made objects such as pipes, barrels,
foundations, and buried wires. The methodis limited in depth by transmit power, receiver sen-
sitivity, frequency, and attenuationof the transmitted energy, which can be strongly affected by
geology. Depth of investigationisalso influenced by highly conductive material, such as metal
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drums, whichreflect al the energy back to thereceiver. Therefore, the method cannot ™' see” below
such objects. Maximum depth of penetration for thissurvey seemed to be about 10 to 12 ft.

Mitchell, T. H. 1994. Geophysical | nvestigationsin the100 Areas: Fiscal Year 1991 Through
December 1993. WHC-SD-EN-T1-247, WestinghouseHanford Company, Richland, Wash-
ington. ABSTRACT: Thegeophysical investigationsidentified in this document were conducted
by the Westinghouse Hanford Company (WHC) Surface GeophysicsTeam, Geophysics Group
between October 1991 and December 1993. Theinvestigations supported 100-Area activitiesfor
the Resource Conservation and Recovery Act of 1976 (RCRA) and the ComprehensiveEnviron-
mental Response, Compensationsand Liability Act of 1980 (CERCLA). The primary intent of this
document isto provideageneral map location and the associated document number for investiga-
tionsthat have been conducted asof December 1993. Theresultsof the individual investigations
arenot included here. Theresultsof all of theseinvestigations have been previously reported
individuallyin WHC supporting documents. Theinvestigations conducted during Fiscal Y ear (FY)
1992 are summarized in asingle WHC document, WHC-SD-EN-TI-204Rev. 0. A brief summary
of some of the successful applicationsof geophysicsin the 100-Areasis included.

Mitchell, T. H. 1994. Geophysical Surveyfor Proposed Borehole 199-K-107A4, 100-K Area.
WHC-SD-EN-TI1-229, WestinghouseHanford Company, Richland, Washington.

ABSTRACT: The objectiveof the survey wasto | ocate subsurface obstructions that may affect the
drilling of proposed borehole, 199-K-107A, located about 100 ft northwest of the 105 KW Build-
ing, 100-K Area. Based upon theresultsof thesurvey, possibledrill siteswithin the zone, with the
least likelihood of encountering identified obstructions, were identified. The ground-penetrating
radar (GPR) system used for thiswork utilized a 300-megahertzantennato transmit the electro-
magnetic (EM) energy into the ground. The transmitted energy isreflected back to areceiving
antennawherevariationsin thereturn signal arerecorded. Common reflectorsincludenatural
geologic conditionssuch as bedding, cementation, moisture, and clay or man-made objects such as
pipes, barrels, foundations, and buried wires. Several isolated anomalies, at variousdepths, are
observed inthedata. Additionally, two areasthat appear disturbed, with perplexing character, are
plotted. Because of the uncertainnature of these two areas, they were avoided when recommending
aborehole location. Initially, the proposed borehole was staked at N130/E122. Thenewly
proposed borehole location isN139/E176. Thislocation appearsfree of anomaliesand isover 10 ft
from interpreted linear anomalies/pipe-like features.

Mitchell, T. H. 1995. Geophysical Surveysfor Proposed Boreholes 299-W15-25, 26 and 27,
200 West Area. WHC-SD-EN-T1-282, WestinghouseHanford Company, Richland, Wash-
ington. ABSTRACT: The objectiveof the survey wasto |ocate subsurfaceobstructionsthat may
affect thedrilling of the proposed borehol es 299-W15-25,299-W15-26, and 299-W15-27, north of
the 321-Z building. The possibledrill sites within the zone with the |east likelihood of encounter-
ing identified obstructionswere identified based on the results of the survey. Ground-penetrating
radar (GPR) was the geophysical method chosen for the shallow characterization of thissite.
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Mitchell, T.H.,and K. A. Bergstrom. 1995. Geophyscal Investigationsd the 1716-B-3 Pluto
Crib, 116-B-4 French Drain, 116-B-5 Crib, 100-BC-1 Operable Unit. BHI1-00344, Rev. 0,
Bechtel Hanford.Inc., Richland, Washington.

Mitchell, T. H. 1995. Geophysical Surveyfor Proposed Boreholes, 199-K-109A4, 199-K-110A,
and 199-K-1114, I0CK Area. WHC-SD-EN-T1-253, Westinghouse Hanford Company,
Richland, Washington. ABSTRACT: A survey was conducted to locate subsurfaceobstructions
that may affect thedrilling of three proposed boreholesin the 100K Area. Drill siteswith the least
likelihood of encountering obstructionswere identified by the method of ground-penetrating radar.
Theseresultsare presented in this document.

Mitchell, T. H. 1995. Geophyscal Investigationd theSQ Tanks, 221-T Building, 200 Wes
Area. WHC-SD-EN-TI1-223, WestinghouseHanford Company, Richland, Washington.
ABSTRACT: The SQ Tanksare located on the northwest side of the 221-T plant, in the 200-West
Area of the Hanford Reservation. The objective of the survey wasto locate subsurfaceobstructions
that may affect theremoval of tanksand supporting structures. Based upon theresults of the
survey, obstructionsand linearswere identified. Accesswaslimited in the survey area dueto
structures, buildings, and constructionwork.

Moore, B. A. 1982. Geophyscal Investigationsd the GableM ountain Pond-West LakeArea,
Hanford Site, South-Central Washington. A thesisfor Master of Sciencein Hydrology at
University of ldaho. RHO-SA-239, Rockwell Hanford Oper ations, Richland, Washington.
ABSTRACT: Low-levd radioactiveliquid waste is discharged directly to cribs, trenches, and
unlined surface ponds at the U.S. Department of Energy's Hanford Site, Washington. One such
facility, Gable Mountain Pond, rechargesthe unconfined aquifer contained within glaciofluvial
sediments of the Hanford formation. The underlying Elephant Mountain basalt separatesthe
unconfined aquifer from a confined aquifer in the Rattlesnake Ridge interbed. The hydraulic head
of the unconfined aquifer is greater than that of the confined aquifer, creating the potential for
downward flow of groundwater to the confined aquifer.

A two-phaseresearch project was designed to investigateradionuclide contamination of
the Rattlesnake Ridgeinterbed. Hydrogeol ogic studies focused on characterizing the aquifer,
developing a conceptua groundwater flow mode, and evaluating the extent of aquifer contamina-
tion. Surface geophysical methods were employed to delineatethe geologic controlsfor potential
groundwater movement from Gable Mountain Pond to the Rattlesnake Ridge interbed. Structures
and erosional features were mapped on the basalt surface, the lower boundary of the unconfined
aquifer, using gravity, electrical resistivity, and magnetic techniques. The geophysical surveys
extended informationgained at drilling sitesto intenvell areas. Theresultsof the geophysica
investigation are presented in the report.

Two structures were inferred at the basalt surface by correlating gravity and geoelectric
trends to stratigraphictrends. These structuresincludea syncline and an anticline. The syncline
trends northwest, paralleling the Western Gable Mountain anticline, which forms a basalt topo-
graphic ridge to the north. Magnetic and geoel ectric trends suggest secondary erosion of the
syncline. The northwest-trending anticline, located to the south of Gable Mountain Pond, is
partially eroded at the crest, asindicated by well data.
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Trendsin geoelectric and gravity profilesindicatethat negative anomaliesare spatially
associated with erosional lowsand synclines. Positiveanomaliescorrespond to erosional highsand
anticlines. In general, magnetic profile trendsdo not correspond to known near-surfacebasalt
features.

Magnetic trendsand well dataindicate that the Elephant Mountain basalt is completely
eroded at various|ocationswithin the study area. The RattlesnakeRidgeinterbed, the first interbed
below the Elephant Mountain basalt, i sassumed to be in direct contact with the unconfined aquifer
at theselocdlities. Minor areal erosion of the Elephant Mountain basalt i s evident throughout the
study area. Thinning of thisconfining layer, in conjunction with the presence of fracturesand
cooling jointswithin the basalt, may create possibleavenuesfor aguifer intercommunication.

Narbutovskih,S. M. 1993. Feasihility of the Shallow High Resolution Seismic Reflection
Techniquefor Use at the Hanford Site. WHC-SD-EN-T1-120, Westinghouse Hanford
Company, Richland, Washington. ABSTRACT: Data obtained during site characterization
should be useful to assessthe need for remediation, to evaluate and design effectiveremedial plans,
and to alow long-termmonitoringto discern remediation effectiveness. A valuable environmental
tool that incorporatesthisdataisamode that describesgroundwater, vadose zone flow, and trans-
port characteristics. Data on geology and hydrology combined with information on contaminant
sourcesare incorporatedinto these conceptual modelsthat delineatetherelative significanceof the
variousfluid migration pathways. Downstream these same model s also support risk assessment,
remediation design, and long-term assessment of remediation effectiveness. Consequently, the
building of coherent, accurate vadose zone and groundwater modelsis fundamental to a successful
remediation. Among the important requirementsfor these modelsisaccurate knowledge of flow
domain boundariesand soil characteristics. At the Hanford Site, thisknowledgeis obtained pri-
marily from borehole data, which providesinformation only at a point. In the high energy flood
and fluvial depositsfound at the Hanford Site, it can, at times, be difficult to correlatelithologic
horizonsbetween boreholes. Wherethereisno borehole control, our understandingof the geo-
metry of hydrogeol ogic boundaries—and thusof fluid migration paths—is limited. Surfacegeo-
physical techniquesare generally used to provideameasure of geologic control between boreholes.
In particular, the seismic reflection method has the potential to provide the greatest resolution of the
subsurfacehydrogeol ogy between and beyond boreholes.

Narbutovskih,S. M., and F. Michelsen. 1994. PreliminaryResultsof a Seismic Borehole Test
Using Downhole Shaped Charges at the DOE Hanford Site. WHC-SA-2304, CONF-940353-4,
WestinghouseHanford Company, Richland, Washington. ABSTRACT: Geophysical site char-
acterizationstudies can beimportant stepsin the process of designingand monitoring remediation
at hazardouswaste storagefacilities. Use of seismictechniquesfor subsurfacecharacterizationat
the DOE Hanford Site hasbeen limited. Onereasonisthelack of borehole velocity control, and
low-velocity sedimentsare highly attenuative. Consequently, standard techniquesto provide
velocity control are not adequate. Both Vertical Seismic Profilingand reversed V SP surveysare
currently being investigated to provide vel ocity control and for subsurfaceimaging capabilities.
Recently, ajet perforating gun was used to perforatea double-cased borehole in the 200 West Area.
Acoustic emissionswere recorded from numerous depthsto obtain velocity control for aprevious
surface survey conducted in the sasmearea. Both P- and S-wave data were recorded simultaneously
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from multiple horizonsusing the DAS-1 seismograph and 3-component geophones. The datawere
analyzed for a variety of uses besidesvelocity control. Signal attenuation was studied asafunction
of source depth and offset distance to evaluate formation absorption while vertical resolution was
determined from the frequency spectrum. Preliminary resultsindicatethat adequate P-wave velo-
city control can be obtained even though the near-surface sedimentsare very attenuative. However,
we concludethat the perforatinggun produceslittle SH energy. Preliminary velocitiesindicatethat
reflection coefficientsshould be great enough to use surfacetechniques. Resultsfrom thefie-
quency study suggest that a swept source for both surface and borehole surveysmay be necessary
to obtain required resolutions. Finally, signal attenuation as afunction of formation facies suggest
that seismic techniquesmay be useful in mapping perched water zonesand for long-term vadose
Zone monitoring.

Narbutovskih, S M. 1994. Integrated Test Plan for a Shallow High Resolution Compressional
Seismic Refection Demonstration. WHC-SD-EN-TP-048, Westinghouse Hanford Company,
Richland, Washington. ABSTRACT: Thisintegrated test plan describes the demonstration of a
surface high-resol utionsei smic reflection acquisition system using swept source technol ogy.
Compressiona wave data will be collected along a previously occupied seismic line associated with
arecent seismic survey north of the 300 Area. The swept source systemwill be employed testing
two very different high-resolution vibrator sources, one with afrequency range from 10 to 500 Hz
and asmaller unit with arange from 20 to 1,500 Hz. This will enable a precursory comparison of
two vibrator data sets with standard impulse data. The data will be evaluated for the presence of
reflected energy, signa strength, frequency content, and signal-to-noiseratio. If the water table can
be distinguished from the Hanford/Ringold formation contact, then the high permeability Hanford-
filled channelscan be mapped. Next, if details on the configuration of the Ringold middle mud can
be discerned, this will allow detecting fluid pathway through the mud and confirm the depositional
nature of this unit. Finally, by mapping the extent of the lower confining mud unit, areaswhere the
polluted unconfined and lower confined agquiferscommunicate might be located. Another source
and acquisition method will also be tested by gathering dataaong the sameseismic line. This
system uses alightweight source that produces a high-velocity shock wave that strikesthe earth's
surface causing an acoustic wave to propagate downward. The acquisition method iSnonconven-
tional and isreported to eliminate obstructing noise such as groundroll and air blast. It isnot
expected that thissystem will have theimaging ability of the vibratory systems. However, it could
proveto be economicd for shallow applicationswhen only compressional energy isneeded.

Narbutovskih, S M., F. B. Michelsen, J. C. Clark, and E. W. Christensen. 1995. High
Resolution Seismic Reflection Test at the DOE Hanford Site. WHC-SA-2784, CONF-950450-6,
WestinghouseHanford Company, Richland, Washington. ABSTRACT: A recent test was
conducted to ascertain the benefits of swept source technology for use a the DOE Hanford Site.
Previous high-resolution seismic surveys suffered from coherent noise interference, poor signal
transmission, and lack of borehole velocity control. P-wave data were collected with the T-2500
Minivib produced by IVI, Inc. and Oyo Geospace's DAS-1 acquisition system. Results showed a
significant increase in signal-to-noi seratio, increased resolving power, and better depth penetration
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of thesignd. It isconcludedthat swept source technology as part of atotal systemsapproach
significantly expands the capabilitiesof the shallow high-resolution seismic reflection method for
use a the DOE Hanford Site.

Narbutovskih, S. M., T. D. Halter, M. D. Sweeney, W. Daily, and A. L. Ramirez. 1996.
Electrical Resistivity Tomographyat the DOE Hanford Site. WHC-SA-3035-FP, CONF-
960477-3, WestinghouseHanford Company, Richland, Washington. ABSTRACT: Recent
work at the DOE Hanford site has established the potential of applying Electrical Resistivity
Tomography (ERT) for early leak detection under hazardous waste storagefacilities. Several
studies have been concluded to test the capabilitiesand limitationsof ERT for two different
gpplications. First, field experimentshave been conducted to determinethe utility of ERT to detect
and map leaks from underground storage tanks during wasteremoval processes. Second, the use of
ERT for long-term vadose zone monitoring has been tested under different field conditionsof
depth, installation design, acquisition mode/equipment, and infiltrationchemistry. Thiswork
involvestransferring the technology from Lawrence Livermore National Laboratory (LLNL) to the
Resource Conservation and Recovery Act (RCRA) program at the DOE Hanford Site. This paper
coversfield training studiesrelevant to the second application for long-term vadose zone
monitoring.

Narbutovskih, S. M. 1996. Electrical Resistivity Tomographyfor Early VadoseL eak Detection
Under Single Shell Storage Tanks. WHC-SD-EN-TP-057, Fluor Daniel Hanford Inc.,
Richland, Washington. ABSTRACT: Thisdocument describesplanned testing with Electrical
Resstivity Tomography (ERT). Itisprepared in supportof TTP RL46WT51 Rev. 1, funded by the
Tank Focus Areathrough the Office of Technology Integration. The primary god of the testing for
fiscal year 1996 (FY96) isto develop and demonstratethe ability to place vertica electrodemay s
(VEA) with the cone penetrometer technol ogy (CPT) to depthsbelow existing single-shell tanks
(SST) at the DOE Hanford Site. 1t isdesirableto have the capability to use CPT for this application
for obviousreasons. First, current methods of emplacement, drilled boreholes, are expensivewith
respect to therest of the ERT operation. Cone penetrometer VEA emplacementsoffer the oppor-
tunity to significantly reduce installation costs. Second, use of CPT will reduce emplacement time
from weeksor monthsto just several days depending on the number of VEAs and the depth of
placement. ERT is preferableto other monitoring methods because operation costs and turn-around
time areless than the current baselines of either groundwater sampling networksor borehole
logging techniques. ERT cost savings can be substantial and will continueinto thefuture. ERT can
also provide complete coverage under a tank or other facility, whichisan important supplement to
existing monitoring methods. Groundwater sampling providesone data point per well and borehole
logging providesdataaong aline in the ground. Neither provideinformation from beneath a
facility and, thus, are not ableto locate rel ease points. These electrodearrays are used to acquire
subsurfaceel ectrical resistance data in a manner appropriatefor tomographicinversion. The
resulting tomograms can then be used to detect, monitor, and track contaminated moisture plumes
leaking from underground storage tanks during wasteretrieval operations.
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Transportin the Hydrogeologic System. BNWLSA5494/CONF-750967-15, Pacific Northwest
Laboratory, Richland, Washington. ABSTRACT: The groundwater monitoring program pro-
videsinformation and data on groundwater quality required to eval uate the impact of waste disposal
practiceson the Hanford Reservation. The programincludes: collectionand analysis of ground-
water samples on aroutine basis; data processing, analysis, and reporting; design, construction, and
maintenanceof well sampling structures; and design and implementationof supporting research
studies. Withinthe overall framework of the Groundwater Monitoring Program, the 300 Areaand
Wye Burial Ground Characterization Program was initiated to evaluate transport of radionuclidesin
the partially saturated zone above the water table and to provide site characterization at solid waste
burial locationson the Reservation. Methodsfor collecting and analyzing program data include
geophysical exploration by ground-penetratingradar, refraction and reflection acoustics, magnetics,
and metal detection; stratigraphicinvestigationsby drilling and sample collectiontechniques;
evaluation of transport phenomenaby in situ psychrometric and gamma-neutrontechniques;
laboratory characterization of fluid and vapor transport-controllingmechanisms; and evaluation of
biological radionuclide transport by organismsinhabiting contaminated aress.

Phillips, S. J., and J. R. Raymond. 1975. Monitoringand Characterization of Radionuclide
Transportin the Hydrogeologic System. BNWLSA35494/CONF-750967-16, Battelle Pacific
Northwest Laboratories, Richland, Washington. ABSTRACT: Historical records pertainingto
the 300 North and Wye Burial Groundsat the Hanford Reservation werereviewed asaprerequisite
to determining programsfor land reclamation. All available historical documents, agency com-
munications, and engineering drawings related to the study areas were located, reviewed, and
analyzed. An inventory of recorded location, type, and quantity of radionuclidesand associated
materialsin each burial ground was completed and distributedto cooperatinginvestigators. A
geophysical survey of the 300 North Burid Ground was conducted as abasisfor detecting the
composition, size, distribution,and depth of buried objects and characterizing the sedimentsin
whichthey areburied. Acoustic, radar, magnetic, and metal detection surveyswere completed and
their applicability evaluated; drilling techniquesand equipment for recovering and characterizing
sedimentsand radioactive contaminated material were developed. Drillingwill also determine the
amount and dimensional extent of radionuclidemigration; sediment-fluidinteraction and fluid
migration through the unsaturated zone at the 300 North Burial Ground were characterized. A
study to determine biological transport of radionuclidesat the Wye Buria Ground was a so
initiated. Thisstudy involved a preliminary survey of present floraand faunainhabiting the Wye
Burial Ground site. Plant tissue waschemically and radiochemicallyanalyzed and investigatedto
determineradionuclide migration, possible dose effects, and popul ation dynamicsof burrowing
animalsthat could potentially be exposed to buried waste materials.

Phillips, S. J., A. E. Reisenauer, W. H. Rickard, and G. A. Sandness. 1977. Initial Site
Characterization and Evaluation of Radionuclide Contaminated Solid Waste Burial Grounds.
BNWL -2184, Battelle Pacific Northwest L abor atories, Richland, Washington.
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Phillips, S. 4, L. L. Ames, R. E. Fitzner, G. W. Gee, and G. A. Sandness. 1980. Characteriza-
tion of the Hanford 300 Area Burial Grounds. Final Report: Decontaminationand Decommis-
sioning. PNL-2557, Battelle Pacific Northwest L abor atories, Richland, Washington.

ABSTRACT: Pacific Northwest Laboratory conducted a seriesof investigationsat the Hanford

Site to devel op technologiesfor characterizingand monitoring radioactive waste burial facilities
that could be used in determining appropriatedecommissioningalternatives. Specific objectives
were to develop unique functional geophysics, geochemical, soil physics, numerica modeling, and
biol ogical methodol ogiesneeded to better characterizeand monitor buried radioactivewaste
disposal sites. To meet these objectivesthe project was dividedinto four tasks. Task |, Geophysi-
cal Evaluation - Geophysical surveyswere taken to locate and define the gross composition of
waste materials. Task II, Geochemical Analysis- Theinteractionof disposed radionuclideswith
geologic mediawas analyzed through an integrated radiochemical procedure. Task III, Fluid
Transport and Modeling - Computer modeling of water migration in partially saturated groundwater
systemswas verified with actual data collected at a field test facility used to monitor micrometeoro-
logical and geohydrologica energy and masstransfer factors. Task IV, Biological Transport -
Several biological organismswere evaluated for potential radionuclide uptake and transport. Along
with thefour tasks, the project included areview of pertinent literature and regul atory issues that
niight affect the alternatives selected. Surveyswere taken of the surrounding areaand specific sites
and operations. Theoverall resultsindicated that the 300 AreaBurid Groundshave been adequate
in containing radioactivewaste. Based on theresults of the project, the aternativesidentified for
decommissioning these sites are exhumation and transl ocation, entombment, perpetual care, and
abandonment. Perpetual care (currently used) appearsto be the best decommissioning alternative
for these burial grounds at thistime. However, another alternativemay be selected depending on
future waste management policies, plans, or activities.

Ramirez, A., W. Daily, A. Binley, and D. LaBrecque. 1996. Tank Leak Detection Using
Electrical ResistanceMethods. UCRL -JC-122875, CONF-960477-4, L awrenceL ivermore
National Laboratory, California. ABSTRACT: Large volumesof hazardousliquids and high-
level radioactive wastesare stored worldwide in surface and underground tanks. Frequently, these
tanksare found to leak, thereby resultingin not only aloss of stored inventory, but in contamination
to soilsand groundwater. It isimportant to devel op areliable method of detecting |eaks before
large quantitiesare emitted into the environment surrounding the tanks. Two field experiments
were performed to evaluate the performance of electrical resistancetomography (ERT) asaleak
detection method under metal underground storagetanks (UST). This paper providesasummary of
the field experiments performed under a 15-m diameter steel tank mockup located at the Hanford
Reservation.

Raymond, J.R. 1955. Applicability of Geophysical Methods of Exploration at Hanford Atomic
ProductsOperation. HW38707XAB, Gener al Electric Company, Richland, Washington,
Hanford Atomic ProductsOperation. ABSTRACT: The applicability of electrical, gravita-
tional, magnetic, seismic, and radiometriclogging methods to the determination of the geological
conditionsat Hanford are evaluated for definition or delimitationof the basalt bedrock surface, the
surface of the Ringold formation, and the groundwater table. The induction equipment, gravimeter,
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dip needle, magnetometer, and seismographs can be used to obtain bedrock information. The
seismic techniques are the only geophysical methods by which the groundwater table depth and
thicknessof the aquifer can be obtained at this site.

Rohay, V. J., K. J. Swett, V. M. Johnson, G. V. Last, D. C. Lanigan, and L. A. Doremus.
1993. FY 93 Site Characterization Status Report and Data Packagefor the Carbon Tetra-
chloride Site. WHC-SD-EN-T1-202,WestinghouseHanford Company, Richland, Washington.
ABSTRACT: Thisreport providesthe status and accomplishmentsfrom fiscal year site
characterization activities conducted as part of the 200 West Area Carbon Tetrachl oride Expedited
Response Action and the Vol atile Organic Compounds- Arid Integrated Demonstration. The
report includes, or references, al available raw data collected as part of these tasks. During fiscal
year 1993, the 200 West Area Carbon Tetrachl oride Expedited Response Action and the Volatile
Organic Compounds, And Integrated Demonstration programsfocused on the carbon tetrachloride
plumein the unsaturated zone underlying the 200 West Area a the Hanford Site in southeast
Washington.

Sandness, G. A. 1991. Report on Geological Surveysin the 300-FF-1 Operable Unit. EMO-
1032, Battelle Pacific Northwest L abor atories, Richland, Washington. ABSTRACT: This
report describes a set of geophysical surveysperformed by the Pacific Northwest Laboratory at

sel ected | ocations within the 300-FF-1 Operable Unit at Hanford. Field work and preliminary data
processing activities wereinitiated in September 1989. Theseactionswere terminated by the
WestinghouseHanford Company before completionin December 1989. Work was reinitiated in
October 1990, to compl ete the processing of the data that had aready been collected and to report
theresults. Because the field work was only partially completed, the task objectives, as presented
in the Statement of Work, could not be fully met. Thisreportis, therefore, a progressreport cover-
ing the work performed through December 11, 1989. Thistask involved 1) ground-penetrating
radar surveysof the 618-4 and 618-5 Burial Groundsand 2) ground-penetrating radar and

el ectromagneticinduction surveys along the assumed routes of the abandoned processsewers and
radioactiveliquid waste sewersin the 300-FF-1 OperableUnit. The surveysinthe burial grounds
wereintended to identify burial trenchesand pitsto determinethe depth of fill and to locate waste
materials, including any that might be outside the perimeter fences. The surveysalong the sewer
routes wereintended, first, to confirmthelocations of the sewers as shown on existing mapsor to
otherwise accurately determinetheir locations, and second, to attempt to identify locationsof
possibleleaks. 3refs, 3figs, 2tabs.

Sandness, G. A. 1991. Geophysical SurveysPerformed by the Automatic and Measurement
Sciences Department of the Pacific Northwest National Laboratoryat Hanford Burial Grounds
618-4 and 618-5. WHC-SD-EN-TI-061, Rev. 0, WestinghouseHanford Company, Richland,
Washington.

Sandness, G. A. 1991. Geophysical Surveys. WHC-SD-EN-T1-062, Rev. 0, Westinghouse
Hanford Company, Richland, Washington.
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Sandness, G. A. 1992. Geophysical Surveys Performed by the Automaticand Measurement
Sciences Department of the Pacific Northwest National Laboratory. WHC-SD-EN-T1-060,
Rev. 0, WestinghouseHanford Company, Richland, Washington.

Strait, S. R, and B. A. Moore. 1982. Geohydrology of the Rattlesnake Ridge Interbed in

the Gable Mountain Pond Area. RHO-ST -38, Rockwell Hanfor d Oper ations, Richland,
Washington. ABSTRACT: Liquid waste disposa practicesat the U.S. Department of Energy's
Hanford Siteincludethe discharge of low-level radioactive liquid waste to cribs, trenches, and
surface ponds. A study was conducted to devel op a conceptua groundwater flow model and
characterizethe current distribution of radionuclidesin the groundwater of the RattlesnakeRidge
interbed at one of thesefacilities, the Gable Mountain Pond (facility 216-A-25). Specialy con-
structed wellsweredrilled in the vicinity of Gable Mountain Pond to obtain radionuclidedistribu-
tion data and hydrologic properties of the aquifer. The acquired data were analyzed to determine
concentrationsof anions, cations, sel ected radionuclidesand groundwater flow patterns. Geologic
mechanisms, which may be responsiblefor the determined concentration distribution, were
evaluated using borehole and subsurfacegeophysical techniques.

Sweeney, M. D. 1999. Environmental Monitoring Alternativesfor the Liquid Effluent Reten-
tion Facility. PNNL-12024, Pacific Northwest National L abor atory, Richland, Washington.

Szwartz, G. J. 1994. Geophysical | nvestigationof Burn Pit, 128-H-1,100-HArea. WHC-SD-
EN-TI-217, Westinghouse Hanford Company, Richland, Washington. ABSTRACT: The 128-
H-1 burn pit islocated in the northeast comer of 100-H Area. The objectiveof the survey wasto
delineate subsurface featuresin the 128-H-1 burn pit that may affect the emplacement of soil-gas
probes. Ground-penetratingradar (GPR) and electromagneticinduction (EMI) were the two
techniquesused in theinvestigation. The methodswere selected becausethey are non-intrusive,
relatively fast, economical, and have been used successfully in other geophysical investigationson
the Hanford Site. The GPR system used for this work utilized a 300-MHz antenna to transmit the
Em energy into the ground. The transmitted energy isreflected back to areceiving antennawhere
variationsin thereturn signal arerecorded. Common reflectorsincludenatural geologic conditions
such as bedding, cementation, moisture, and clay or man-made objectssuch as pipes, barrels,
foundations, and buried wires. The studied depth, which variesfrom siteto site, was 0 to 11 ft for
thissurvey. The method islimited in depth by transmit power, receiver sensitivity, and attenuation
of the transmitted energy. Depth of investigationis influenced by highly conductivematerial, such
asmetal drums, whichreflect al the energy back to thereceiver. Therefore, the method cannot
"see'" below such objects.

U.S. Department of Energy (DOE). 1995. 118-B-l Burial Ground Excavation Treatability Test
Report. DOE/RL-95-34, Rev. 0, U.S. Department of Ener gy, Richland, Washington.
ABSTRACT: Thistreatability investigation focused on the feasibility of excavating, analytical
screening, and handling waste material sfrom the 118-B-1 Burial Ground located in the 100 B/C
Areaof the Hanford Site. The 118-B-1 Burial Ground consists of —24 trencheson a 7-acre parcel.
Solid low-level radioactive wastes and other debrisand trash associated with reactor operations
were disposed in 28 buria groundsin the 100 Area between 1944 and 1973. The mgjority of waste
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generated from routine reactor operationswas placed in seven primary burial grounds, including
118-B-1. The 118-B-1 Buria Ground was selected asthe location to perform this treatability test
based on the availability of historical datafor this site, and becauseit was thought to be representa-
tive of other primary-useburial groundsin the 100 Area. Geophysical surveyswere conducted
over the buria ground to map the concentrationsof waste and aid in the selection of test pit exca-
vation locations. Thetest plan devel oped for this study integrated the Streamlined Approach for
Environmental Restoration (SAFER), aU.S. Department of Energy (DOE) initiative based on both
the Data Quality Objective (DQO) process and the observational approach. Thistreatability testis
thefirst one a the Hanford Site to use the SAFER approach. The purpose of this study was 1) to
support development of the Proposed Plan and Record of Decision, which would identify the
approachto be used for burial ground remediation and 2) to provide specific engineeringinfor-
mation for receiving waste generated from the 100 Arearemova actions. Theresults of the
treatability test can be used to determine the feasibility of performingexcavation, analytical
screening, and handling of burial ground materials from similar burial grounds.

Westinghouse Hanford Company (WHC). 1992. Geophysical Survey of White BluffsCribs
Site. WHC-SD-EN-ER-002, Rev. 0, Prepared by | T Corporation, Irvine California, for
Westinghouse Hanford Company, Richland, Washington.

Westinghouse Hanford Company (WHC). 1994. ColumbiaRiver Effluent Pipeline Survey.
WHC-SD-EN-TI-278, Rev. 0, Prepared by Gelder Associatesinc., for Westinghouse Hanford
Company, Richland, Washington.
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Additon, M. K., K.R. Fecht, T. L. Jones,and G.V. Last. 1978. Scintillation Probe Profiles
200 East Area Crib Monitoring Wells. RHO-L D-28, Rockwell Hanford Company, Richland,
Washington. ABSTRACT: Scintillationprobe profilesfrom 154 monitoringwellslocated in

200 East Area have been compiled for input into the Long-Term Management of Low-Level Waste
Project's database. A thallium-activated sodiumiodide scintillation system and the scintillation
equipment and instrumentation used to log these monitoring wells are described. In addition, waste
management applicationsof scintillation probe profilesare discussed including the determination of
the distributionof gamma-emitting radiocontaminants and the identification of stratigraphicunits.
Crossreferencesfor well number and associated crib facility designation are given in the
appendices.

Additon, M. K., K. R. Fecht, T.L. Jones, and G. V. Last. 1978. Scintillation Probe Profiles
200 West Area Crib MonitoringWells. RHO-L D-29, Rockwell Hanford Company, Richland,
Washington. ABSTRACT: Scintillationprobe profiles from 187 monitoringwellslocated in

200 West Area have been compiled for input into the Long-Term Management of Low-Level
Waste Project's database. A thallium-activated sodium iodide scintillation system and the
scintillation equipment and instrumentationused to | og these monitoringwellsare described. In
addition, waste nianagement applicationsof scintillation probe profilesare discussed, includingthe
determination of the distribution of gamma-emitting radiocontaminants and the identificationof
stratigraphic units. Crossreferencesfor well number and associated crib facility designation are
givenin the appendices.

Arthur,R. J. 1990. 1990 Yearly Calibration of Pacific Northwest Laboratory's Gross-Gamma
Borehole Geophysical Logging System. PNL-7460, Battelle Pacific Northwest L abor atories,
Richland, Washington. ABSTRACT: Thisreport describesthe 1990 yearly calibrationof a
gross-gamma geophysical pulse-logging system owned by the U.S. Department of Energy (DOE)
and operated by Pacific Northwest Laboratory (PNL). The calibration wasconducted to permit the
continued use of thissystem for geologica and hydrologic studies associated with remedial investi-
gation at the Hanford Site. Primary calibrationsto equival ent uranium unitswere conducted in
borehole model standardsthat were recently moved to the Hanford Site from the DOE field cali-
bration facility in Spokane, Washington. The calibrationswere performedin borehole models
SBL/SBH and SBA/SBB, which contain low equivalent-uranium concentrations. The integrity of
the system throughout the previousyear from gamma-ray monitoring was demonstrated using the
before- and after-logging field calibrationreadingswith the field sourcein calibration Positions1
and 2. Most of the Position 1 readingsare within an 8% limit that is set by the governing PNL
technical reference procedure as a critical value above which the instrument is considered suspect.
Many of the Position 2 readings exceed the 8% limit; however, the fluctuationwas traced to field-
source geometry variability that affected Position 1 count rates by up to 6% and Position 2 count
rates by asmuch as 16%. Correlationswere established based on two similar approachesfor relat-
ing observed count rate in before- and after-loggingfield calibrationsto equivalent uranium con-
centrations. The temperaturedrift of the gammarray probe was documented and amountsto less
than 0.1%/°C within the temperature range 0°C to 42°C. The low-energy cutoff for the gross
gamma-ray probewas determined to be between 46.5 and 59.5 keV.
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Arthur, R. J. 1991. 1991 Yearly Calibration of Pacific Northwest Laboratory's Gross Gamma-
Ray Borehole Geophysical Logging System. PNL-7785, Battelle Pacific Northwest L abor a-
tories, Richland, Washington. ABSTRACT: Thisreport describesthe 1991 yearly calibration of
a gross gammarray geophysical pulse-logging system owned by the U.S. Department of Energy
(DOE) and operated by the Pacific Northwest Laboratory. The calibration was conductedto permit
the continued use of this system for geologic and hydrologic studies associated with remedial
investigationsat the Hanford Site. Primary calibrationsto equivalent uranium units were conducted
in DOE borehole model standardsthat reside on the Hanford Site. The calibrations were performed
in borehole models SBL/SBH and SBNSBB, which contain |ow-equival ent uranium concentra-
tions. Correlations were established based on two similar approachesfor relating observed count
rate in before- and after-loggingfield calibrationsto equivalent uranium concentrations. A new
field source (Ra-20S-82) was fabricated to replacethe old source (Ra-20S-204), whose activity led
to variablefield calibration results previoudy caused by anonfixed geometry. A cross-calibration
study was performed to compare the operation of the new sourcerelative to the old source. A
digitally based collection/recording System was recently acquired so that many of the procedures
were performed with the old anal og system and the new digital system to compare the performance
of thedigital system.

Arthur,R. J. 1992. Yearly Calibration of Pacific Northwest Laboratory's Gross Gamma-Ray
Borehole Geophysical Logging System, 1992. PNL-8220, Battelle Pacific Northwest Labor a-
tories, Richland, Washington. ABSTRACT: Thisreport describesthe 1992 yearly calibration of
agross gammearray geophysical pulse-loggingsystem owned by the U.S. Department of Energy
(DOE) and operated by Pacific Northwest Laboratory. The calibrationwas conducted to permit the
continued use of this system for geologic and hydrologic studies associated with remedial investiga:
tion at the Hanford Site. Thecalibration islimited to the probeidentified as CG27A-97. Primary
calibrationsto equival ent-uraniumunits were conducted in DOE borehole model standards that
reside on the Hanford Site. The calibrationswere performed in borehole models SBL/SBH and
SBNSBB, which contain low equivalent-uraniumconcentrations. A previous correlationfor
relating observed count ratein before- and after-logging field calibrations to equivalent-uranium
concentrationswas confirmedfor field source Ra-20S-82. A computer-baseddigital collection/
recording system was used s multaneously on many of the procedureswith the original analog
system so that the performanceof the two collection systems could be correlated and compared at
some future date.

Arthur,R. J. 1993. 1993 Yearly Calibration of Pacific Northwest Laboratory's Gross Gamma-
Ray Borehole Geophysical Logging System. PNL-8895, BattellePacific Northwest Labora-
tories, Richland, Washington. ABSTRACT: Thisreport describesthe 1993 yearly calibration of
agrossgamma-ray geophysical pulse-logging system owned by the U.S. Department of Energy
(DOE) and operated by Pacific Northwest Laboratory. The calibrationwas conducted to permit the
continued use of this system for geologic and hydrol ogic studies associated with remedia investi-
gation at the Hanford Site. The calibrationislimited to the probeidentified asCG27A-97 and
appliesto anew probe detector crystal that replaced the former detector in January 1993, after a
crack wasdiscovered. Primary calibrationsto equival ent-uraniumunits were conducted in DOE
borehole moddl standardsthat resideon the Hanford Site. The calibrationswere performedin



borehole models SBL/SBH and SBA/SBB, which both contain sectionswith relatively low
equivalent-uraniumconcentrations. Model SBWSBL has now been countersunk at the site so that
datawere taken by suspendingthe probe downhole. Model SBA/SBB isstill lying horizontally
aboveground at the site, so datawere logged asin previouscalibrations at the Hanford Site by
pushing the probe into the hole and drawing it out with the logging equipment. A previous
correlationfor relating observed count ratein before- and after-logging field calibrationsto
equi val ent-uraniumconcentrationswas confirmed for field source Ra-20S-82. A computer-based
digital collection/recording system was used simultaneously on many of the procedureswith the
original analog system so that the performance of the two collection systems could be correlated
and compared. Thedigital system was calibrated thisyear to confirmits linearity and to establish
correlationwith the analog data (i.e., chart-recorder output).

Battelle Pacific Northwest L aboratories. 1987. Groundwater Monitoring Compliance Projects
for Hanford Site Facilities: Volume 3, AppendicesC-G, Progress Report for the Period October
1 to December 31,1986. PNL-6465, Vol. 3, Appendices C through G, BattellePacific North-
west L aboratories, Richland, Washington. ABSTRACT: Thisvolume containsAppendicesC
through G. Appendix C containsthe geophysical logsfor 12 new wellsin the 100-H Area. Appen-
dix D containsthe Statement of Work, which detailsthe effortsneeded to finish construction of the
deep monitoring and observation wells at the Nonradioactive Dangerous Waste Landfill. Appendix
E containsdrilling logs, geologists 1ogs, and construction diagramsfor the deegp monitoring and
observation wells at the Nonradioactive Dangerous Waste Landfill. Appendix F containsinforma-
tion on the hydrogeol ogic testing plan for new wellsat the Nonradioactive Dangerous Waste
Landfill. Included arethetext of a presentation concerningthisplan and an account of the dis-
cussionthat followed. Appendix G containsraw analytical datafrom a set of samplescollectedin
October 1986 from wells SM-1 through SM-5 at the Nonradi oactive Dangerous Waste Landfill.

Battelle Pacific Northwest L aboratories. 1987. Groundwater Monitoring ComplianceProjects
for Hanford Site Facilities. PNL-6467 Val. 3, Appendix C-1, BattellePacific Northwest L abo-
ratories, Richland, Washington. ABSTRACT: Appendix C containsthe raw analytical data
collected from the groundwater monitoring networksfor the 183-H Solar Evaporation Basinsfor
December 1986 through February 1987. Appendix D containsinformationon particlesize analysis,
calcium carbonate determinations, soil moistureanalysis, and low-permeability unit analysisfor
samples from monitoringwellsin the areaof the NRDW Landfill. Appendix E containslithologic
logs and well construction summaries for wellsin the areaof the NRDW Landfill. Appendix F
containsgeophysical logsfor the wellsin the area of the NRDW Landfill. Thelogs, gamma,
neutron, and density are al plotted on graphs, one graph for eachwell. Appendix G provides
aquifer test data, including pumping and observation well completions and locations, pumping
rates, drawdown and recovery water-level data, and presentation and discussion of analyses.
Appendix H provideswater-level data collected at the Nonradioactive Dangerous Waste Landfill
intendedto provide information on the hydraulic gradients (horizontal and vertical) beneath the site.
Appendix | contains measurementsand samples taken from the pumping well discharge during
aquifer testsand routine quarterly samplestaken during thefirst two quartersof monitoring.
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Battelle Pacific Northwest L abor atories. 1988. Groundwater Monitoring Compliance Projects
for Hanford Site Facilities: ProgressReport for the Period April 1 to June30,1988: Volume 2,
Appendices. PNL-6675 Vol. 2, Battelle Pacific Northwest L abor atories, Richland, Washing-
ton. ABSTRACT: ThisisVolume 2 of atwo-volumeset of documentsthat describesthe progress

. of 10 Hanford Site groundwater monitoring projectsfor the period April 1 to June 30, 1988. This

volume discusses as-built diagrams, drilling logs, and geophysical logs for wellsdrilled during this
period in the 100-N Area (Appendix A) and near the 216-A-36B Crib (Appendix B). Volume 1
discussesthe 10 projects.

Blair,S.C,,L.S.Law,and J. W. Lindberg. 1981. A Catalogof Borehole Geophysicson the
Hanford Site, 19580 1980. PNL -3504, Pacific Northwest L aboratory, Richland, Washington.
ABSTRACT: Thisreport catalogs geophysical borehole data acquired between January 1, 1958,
and April 8, 1980, for nearly 800 wells on and around the Hanford Site. These data have been
placed in a format that can be easily adapted to a computerized data management system. Mapsare
provided for quick identification of specific wells. Each well isclassified accordingto the amount
of geophysical logging data available. A crossreference between common well name and the
Hanford grid nameis given to eliminate confusion among various sources of data.

Brodeur,J. R. 1988. " Fiscal Year 1987 Inactive Crib Monitoring Report.” Westinghouse
Hanford Company I nternal Memo 80230-88-004to V. W. Hall. ABSTRACT: Theresultsof
grossgammalogging of about 140 wells associated with 39 inactive crib sitesare presented in
tabular form.

Brodeur, J. R., and C. J. Koizumi. 1989. Base Calibration of Pacific Northwest Laboratory's
Gross Gamma Berehole Geophysical Logging System. WHC-EP-0246, WestinghouseHanford
Company, Richland, Washington. ABSTRACT: Thisreport describesa base calibration of
Pacific Northwest Laboratory's gross gamma geophysical logging system. The calibration was
conducted to permit the use of thissystem for geologic and hydrologic studiesassociated with
remedial investigation at the Hanford Site and to determinethe suitability of theinstrumentation for
monitoring in areaswith radiological contamination. A basic descriptionof the system instrumen-
tationisprovided as well as a calibration check of thisinstrumentation, which measured linearity,
dead-time, and instrument drift. A primary calibration to equivalent uranium units was conducted
in Spokane, Washington, at a U.S. Department of Energy field calibrationfacility. Thisprimary
calibration wasonly partially successful becausethe system could not measurethe activity in a
calibration model zone containing a high uranium concentration. The primary calibration was,
therefore, limited to system response in a zone with low uranium concentration. It is, therefore,
impossibleto determinethelinearity of the conversion to equivalent uranium unitswith this system.

Brodeur,J. R. 1993. Assessmentof Unsaturated Zone Radionuclide Contamination Around
Single-Shell Tanks 241-C-105and 241-C-106. WHC-SD-EN-T1-185, Rev. 0, Westinghouse
Hanford Company, Richland, Washington. ABSTRACT: Spectral gamma-ray logs from 15
drywells around single-shell tanks 241-C-105 and -106 are presented.
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Brodeur, J. R., C. J. Koizumi, J. P. Meisner, R. K. Price, and J. W. Fassett. 1993. Application
of Spectral Gamma-Ray Borehole Geophysicsfor Characterizationof Radionuclide Contamina-
tion at Hanford. WHC-SA-2055, WestinghouseHanford Company, Richland, Washington.
ABSTRACT: Aninnovative, passive, gamma-ray borehole logging program was developed at
Hanford for the purpose of identifyingand quantifying the gamma-ray-emittingradioisotopesin the
subsurface. Recent nuclear counting equipment was configuredinto aborehole logging system and
calibration methods were devised for thein Situ assay of man-maderadionuclides. Operation pro-
ceduresand data analysis methods were devel oped, creating an efficient productionlogging system.

" The logging program has proven to be effectivewhen used in a screening mode for characterizing

effluentreleasesitesat Hanford. It located the primary gamma-emitting contaminantsand identi-
fied which of thesites had contributed to the groundwater contamination. At one of the single-shell
tank farms, the system was used to quantify the unsaturated zone contaminationand tracethe con-
tamination back to the tank leak sources. It aso provided a baseline of the radioel ement concentra-
tionsfor future data.comparisonsand to permit identification of a dynamic radionuclidetransport
system. In thismanner, the logging program can help to identify future tank leaks. When com-
bined with an inexpensivedrilling method, the logging program can producein situ radioelement
concentration dataat a fraction of the cost of conventional drilling and sampling, without personnel
exposureto the contamination or generation of waste, and it can be done in a matter of daysinstead
of months. Future developmentswill refine the quality assurance program so that the system will
produce laboratory-quality in Situ assays. Future applicationswill requirea high degree of quality
assurance.

Brodeur, J. R.,and C. D. Wittreich. 1993. Assessment of Unsaturated Zone Radionuclide
Contaminationin the 200 Areas of the Hanford Site, Washington. WHC-SA-1907, Westing-
house Hanford Company, Richland, Washington. ABSTRACT: The 200 East and 200 West
Areasat the U.S. Department of Energy's Hanford Site in southeastern Washington, contain
chemical and nuclear fuel processingfacilitiesthat disposed of large volumesof chemical and
radionuclide effluentsto the ground via various structuressuch as ponds, cribs, and ditches. A
geophysical logginginvestigation wasimplemented in 1992 to assessthe nature and extent of
contamination benesth select liquid digposal sitesin the 200 Areas. Theborehole geophysical
logging was accomplished with a recently devel oped spectra gammarray logging system called the
Radionuclide Logging System (RLS). Thissystem hasa high-resolution, intrinsic germanium
detector mounted in a downhole probe and iscalibrated and operated specifically for usein a
borehole environment. It providesa meansto develop in situ, gamma-emitting radioel ement
concentration profiles. Approximately 50 boreholeswere logged in thisstudy. The RLSlog data
providedinformation about the migration and deposition patternsof specificradionuclidesin the
unsaturated zone and their impactson the groundwater. Approximately 10 radionuclide species
were detected and quantified. Resultsof thefield investigationare being used to refine site-specific
conceptua models, support Hanford Site remediation decisions, and focus future characterization
activities.

Brodeur, J. R., R. K. Price, R. D. Wilson, and C. J. Koizumi. 1993. Results of Spectral

Gamma-Ray Logging of Select Boreholesfor the Aggregate Area Management Study.
WHC-SD-EN-T1-021, Rev. 0, WestinghouseHanford Company, Richland, Washington.
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ABSTRACT: Spectral gamma-ray borehole geophysicswas completed in boreholesat select liquid
disposal siteswithin the 200 Areas. Thiswasalimited field investigation conducted as part of the
200 Aggregate Area Management Study for the purposeof identifying the principal sourcesof
groundwater contaminationand providing someinitial Site characterization data. Gamma-ray-
emitting radionuclide concentration plots were prepared for 47 boreholesat 38 wastesites. These
data were assessed to identify genera radionuclide migration patterns. Thedatawill contributeto
the development of conceptual modelsfor theliquid disposal sites and focusfuture ER characteri-
zation activities.

Brodzinski, R. L. 1981a. In Situ Subterranean Determination of Actinidesby High-Resolution
Gamma-Ray Spectrometry. PNL-SA-8992, Pacific Northwest L abor atory, Richland, Washing-
ton. ABSTRACT: A system utilizing high-resolutiongermanium diode gamma-ray spectroscopy
for the smple, safe, and economical in situ determinationof actinidesis described. Six isotopes,
2y, 22U, ®'Np, **Pu, **'Py, and **' Am, can be smultaneously measured at the 10™ nCi g level in
lessthan 7 minutes. Collimatorsprovide for measurement of horizontal strataasthinas1 cm or
solid anglesas small as 0.1 steradians. |nformation obtainablewith the system is discussed and
compared to that obtainablewith neutron activation/detection Systems.

Brodzinski,R. L. 1981b. Well-Logging I nstrumentation. PNL-SA-10023, Pacific Northwest
Laboratory, Richland, Washington. ABSTRACT: Researchinvestigationson techniquesfor in
situ determination of *°Sr, tritium, and transuranicisotopesare described. Resultsof neutron
activation analysisexperimentson *°Sr and passive neutron detection experimentson transuranics
are given.

Brodzinski, R. L. 1983a. State-of-the-ArtIn-Situ Determination of Transuranics. PNL-SA-
101848, Pacific Northwest L abor atory, Richland, Washington. ABSTRACT: Two techniques
for in situ analysisof transuranicsare described. Thefirst providesquantitativeinformationin
actinide-only environments by analyzing high energy gamma-rayswith a high-resolution german-
ium diode spectrometer. Thistechniqueissimple, safe, fast, specific, economical, and can interro-
gate representativesampl e volumesfor the simultaneousdetermination of six actinideisotopes.
Thedisadvantageliesin itsinability to operate in high fission product environments. For high
fission product concentrations, a method i s described using exposuremetal plates, usually copper,
and subsequent analysis of the transurani c-generatedneutron-induced activation productsin the
plate specifically developedfor usein high gamma-ray environments. The techniqueisnot isotope-
specific and requiresarelatively long turn-around time, but has many desirable attributesnot found
in other techniques. One application of thistechnigquewherethe plutonium concentrationwas
measured as a function of depth in a high-level waste tank containing salt cake ispresented in a
table.

Brodzinski, R. L. 1982b. Contamination Levelsand for Monitoring the Effectiveness of
Decontamination and DecommissioningActivities. PNL-4744, Pacific Northwest Laboratory,
Richland, Washington. ABSTRACT: Two completely portable high-resolution germanium diode
spectrometer systemsare described. These detectors are capable of measuring transuranics,
activation products, and fission products, including *°Sr, a sensitivities below the uncontrolled
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22.

23.

24.

releasecriteria The detectors measurex-rays, gammearrays, or bremsstrahlung radiation asrequired
and have been calibrated for a variety of decontamination and decommissioning scenarios. A
description of a new technology for thein situ determination of *Sr i s given.

Brodzinski, R. L., and H. L. Nielson. 1980. A Well Logging Techniquefor theln Situ
Determination of ’Sr. In Nuclear Instrumentsand Methods, Vol. 173, p. 299-301. North-
Holland Publishing Company. ABSTRACT: A technique for determiningthe *°Sr concentration
in soilsand sediments by measurement of bremsstrahlung radiation in the energy range 60 -230
keV with alargeintrinsic germaniumdiode capable of logging wellsassmall as 3" in diameteris
described. Correctionsare madefor changing background levelsas a function of depth and for
interferencesfrom any other radionuclidespresent. A *°Sr concentration aslow as 9 nCi cm™ can
be measured in only 10 sin typical fission product gamma-ray activities100nCi cm™. If no
interfering radionuclidesare present, *°Sr concentrationsof <10 pCi cm™ can be determined. The
rel ationshipbetween detector size and sensitivity isdiscussed. Detection limitsare given for
different counting times as a function of interfering activity levels,

Brodzinski, R. L., and N. A. Wogman. 1976. Californium-252In Situ Activation and Photon
Detection Techniquesfor Uranium Ore Deposit Evaluation. COW-760316-4, Pacific North-
west Laboratory, Richland, Washington. ABSTRACT:* Four different techniquesare evaluated
for borehole analysis of uraniumand thorium ores. Methodsinvolving 1) detection of fisson
product photons following ***Cf activation, 2) detection of low-energy uranium and thorium
gammatrays, 3) direct measurement of the 1001-ke'V photon from ***Pa, a progeny of ?*U, and

4) isotopic excitation x-ray fluorescence spectroscopy are evaluated. The first two techniquesare
found too unsuitablefor most low-gradeores. The third isfound to be suitablefor thein situ
analysisof uraniumores only, and the fourth method i s shown to be a superior, cost-effective
method for both uraniumand thorium ore anaysis.

Brown,D. J., R. C. Routson, W. H. Price, and K. R. Fecht. 1979. Statusof Liquid Waste
Leaked fromthe 241-T-106 Tank. RHO-ST-1, Reckwell Hanford Oper ations, Richland,
Washington. ABSTRACT: OnJune8, 1973, the 241-T-106tank, located on the U.S. Depart-
ment of Energy's Hanford Site, was confirmed asleaking. Approximately 4.35 x 10° liters
(115,000 gallons) of liquid containing 40,000 curiesof cesium-137, 14,000 curies of strontium-90,
6 curiesof plutoniumand americium, and 297,000 curies of variousfission products (with half-
liveslessthan 5 years) werereleased to the glaciofluvial sedimentssurrounding thetank. Subse-
guent to the leak, studieswere conducted to monitor and assessthe potential for migration of
radioactivity to points of potential uptake. These studiesincluded: thedrilling of monitoring wells
to provide accessfor in situ instrumentation and to collect sediment samplesfor geologicand
radionuclide analysis; in situ total gammalogging of wellsto monitor changesin leak plume; in situ
gamma energy analysis measurementsto determine species and concentrationsof radionuclidesin
the leak plume; and computer modeling to predict future changesin the plume.

Caggiano,J. A. 1992. Borehole Completion Data Package for the CY 1990 Single-Shell Tank

Drilling Project. WHC-SD-EN-DP-041, Westinghouse Hanford Company, Richland,
Washington. ABSTRACT: Thisreport containsgross gammea-ray logsfor ten new boreholes.
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Caggiano, J. A. 1993. Borehole Completion Data Packagefor CY 1991 and CY 1992 RCRA
Wellsat Single-Shell Tanks. WHC-SD-EN-DP-042, W estinghouse Hanford Company,
Richland, Washington. ABSTRACT: Thisreport containsgross gammearray logs for the ten new
wells.

Chamness,M. A., S.S. Ted, D. L. McAlister, A. W. Pearson, K.R.O. Barton, R. W. Fruland,
and R. E. Lewis. 1991. U-Plant Aggregate Area Management Study Geologic Data Package.
WHC-SD-EN-DP-019, WestinghouseHanford Company, Richland, Washington.

ABSTRACT: Thisdatapackageincludesall of the geologic and geophysical information requested
by the WestinghouseHanford Company for the U-Plant Aggregate Area. Thisinformation includes
alisting of all of the boreholeswithin this aggregate area as defined by the Westinghouse Hanford
Company and amended by the Pacific Northwest Laboratory. Geophysical data (Table 1) includes
thetype of log, date, and interval logged for each of the above wells, aswell asthe location where
these data are stored. Table 2 includesthe typesof geologic data availablefor each of these wells
(i.e., driller's log, geologist's log) and any other related data (sieve, CaCO; content, moisture
content, and chemical analyses). Table 3 providesa summary of the well construction information
for each well includingdrill depth, completion depth, screenedinterval, and coordinates.

Chamness,M.A.,R.E. Lewis, S. S. Tedl, and A. W. Pearson. 1991. T Plant Geologicand
Geophysics Data Package for the 200 Aggregate Area Management Study. WHC-SD-EN-DP-
022, Westinghouse Hanford Company, Richland, Washington. ABSTRACT: This data pack-
ageincludesall of the geologic and geophysical information requested by the Westinghouse
Hanford Company for the T-Plant Aggregate Area. Thisinformationincludesalisting of al of the
boreholeswithin thisaggregate area as defined by the WestinghouseHanford Company and
amended by the Pacific Northwest Laboratory. Geophysical data (Table 1) includes the type of log,
date, and interval logged for each of the above wells, aswell asthe location where these dataare
stored. Table 2 includesthetypesof geologc data availablefor each of thesewells (i.e., driller's
log, geologist's log) and any other related data (sieve, CaCOs content, moisture content, and chemi-
cal analyses). Table 3 providesa summary of the well constructioninformationfor each well
including drill depth, completion depth, screenedinterval, and coordinates.

Chamness,M. A., S.S. Ted, D. L. McAlister, A. W. Pearson, K.R.O. Barton, R. W. Fruland,
and R. E. Lewis. 1992. Z-Plant Aggregate Area Management Study Geologic Data Package.
WHC-SD-EN-DP-020, Rev. 1, Westinghouse Hanford Company, Richland, Washington.
ABSTRACT: Thisdatapackageincludesall of the geologic and geophysical information requested
by the WestinghouseHanford Company for the Z-Plant Aggregate Area. This information includes
alisting of al of the boreholeswithin this aggregate areaas defined by the Westinghouse Hanford
Company and amended by the Pacific Northwest Laboratory. Geophysical data (Table 1) includes
the type of log, date, and interval logged for each of the above wells, aswell asthelocation where
these data are stored. Table 2 includesthe typesof geologic data availablefor each of these wells
(i.e., driller's log, geologist'slog) and any other related data (sieve, CaCO; content, moisture con-
tent, and chemical analyses). Table 3 providesasummary of thewell constructioninformation for
each well includingdrill depth, completion depth, screened interval, and coordinates.
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Chamness, M. A,, D. L. McAlister, J. P. McDonald, A. W. Pearson, and R. E. Lewis. 1992.
200 North Aggregate Area Management Study Geologic Data Package. W estinghouseHanford
Company, Richland, Washington. ABSTRACT: Thisdatapackageincludesall of the geologic
and geophysical informati onrequested by the Westinghouse Hanford Company for the 200 North
aggregatearea. Thisinformationincludesalistingof all of the boreholeswithin thisaggregatearea
as defined by the Westinghouse Hanford Company and amended by the Pacific Northwest Labora-
tory. Geophysical data (Table 1) includesthetype of 1og, date, and interval logged for each of the
abovewells, aswell asthe |ocation wherethese data are stored. Table 2 includesthe types of
geologic dataavailablefor each of thesewells(i.e., driller's log, geologist's log) and any other
related data (sieve, CaCO; content, moisture content, and chemical analyses). Table3 providesa
summary of thewell constructioninformation for each well including drill depth, completion depth,
screened interval, and coordinates.

Chamness,M. A., S. S. Tedl, D. L. McAlister, A. W. Pearson, and R. E. Lewis. 1992. S-Plant
Aggregate Area Management Study Geologic Data Package. WHC-SD-EN-DP-021, Westing-
house Hanford Company, Richland, Washington. ABSTRACT: This data packageincludesall
of the geologicand geophysical informationrequested by the Westinghouse Hanford Company for
the S-Plant Aggregate Area. Thisinformationincludesalisting of al of the boreholeswithin this
aggregate area as defined by the Westinghouse Hanford Company and amended by the Pecific
Northwest Laboratory. Geophysical data (Table 1) includesthe type of log, date, and interval
logged for each of the above wells, as well asthelocation where these data are stored. Table 2
includesthetypesof geologic data available for each of thesewells(i.e., driller's log, geologist’s
log) and any other related data (sieve, CaCO; content, moisture content, and chemical analyses).
Table3 providesasummary of the well constructioninformationfor each well including drill
depth, completion depth, screened interval, and coordinates.

Chamness,M. A, R.E. Lewis, S. S. Ted, R. J. Brockman, D. C. Lanigan, and A. W. Pearson.
1992. PUREX Aggregate Area Management Study Geologic Data Package. WHC-SD-EN-DP-
025, WestinghouseHanford Company, Richland, Washington. ABSTRACT: Thisdata pack-
ageincludesall of the geologic and geophysical informationrequested by the Westinghouse
Hanford Company for the PUREX Aggregate Area. Thisinformation includesalistingof all of the
boreholeswithin this aggregate area as defined by the Westinghouse Hanford Company and
amended by the Pacific Northwest Laboratory. Geophysical data (Table 1) includesthe type of log,
date, and interval logged for each of the abovewells, as well asthe location wherethesedataare
stored. Table 2 includesthetypes of geologic data availablefor each of these wells(i.e., driller's
log, geologist's log) and any other related data (sieve, CaCOs content, moisture content, and
chemical analyses). Table 3 providesasummary of the well construction informationfor each well
including drill depth, completion depth, screened interval, and coordinates.

Chamness, M. A, S. M. Goodwin, S. S. Ted, and R. E. Lewis. 1992. Semi-works (C-Plant)
Aggregate Area Management Study Geologic Data Package. WHC-SD-EN-DP-027, Westing-
house Hanford Company, Richland, Washington. ABSTRACT: This data packageincludesall
of the geologicand geophysical information requested by the Westinghouse Hanford Company for
the Semi-works (C-Plant) Aggregate Area. Thisinformationincludesalisting of all of the
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boreholeswithin this aggregate area as defined by the Westinghouse Hanford Company and
amended by the Pacific Northwest Laboratory. Geophysical data(Table 1) includesthe type of log,
date, and interval logged for each of the above wells, aswell asthe location wherethese dataare
stored. Table 2 includesthe types of geologic data available for each of thesewells(i.e., driller's
log, geologist's log) and any other related data (sieve, CaCO; content, moisture content, and chemi-
cal analyses). Table 3 providesasummary of the well construction informationfor each well
includingdrill depth, completion depth, screened interval, and coordinates.

Chamness, M. A. 1986. ""Fiscal Y ear 1986 Scintillation Logging Status.” Rockwell Hanford
Operations|nternal Memo 65633-86-107to V. W. Hall. ABSTRACT: Theresultsof gross
gamma logging of —122 wellsare presented in tabular form.

Delaney, C. D. 1992. Borehole Completion Data Packagefor the CY 1991 216-B-3Pond
DrillingProject. WHC-SD-EN-DP-046, WestinghouseHanford Company, Richland,
Washington. ABSTRACT: Thisreport containsgross gamma-ray logsfor seven new wells.

Dorian, J. J. 1995. " Transmittal of Sodium lodide Acquired Data Processed for Potassium,
Uranium, and Thorium for the Environmental Restoration Disposal Facility Project.”
WestinghouseHanford Company I nternal Memo, 9550298to K. R. Fecht.

Dorian, J. J. 1998. "In Situ Gamma-Ray Survey Resultsof Selected Boreholes A ssociated
with B-BX-BY Tank Farm Reassessment.” \Waste Management Federal Services, Inc.,
Northwest Operations L etter, WMNW-9759114 to R. M. Smith. ABSTRACT: Pacific
Northwest National Laboratory requested high-purity germanium spectral gamma-ray logs of the
radionuclidedistributionand concentration along the entireborehole length for 16 selected ground-
water monitoringwells associated with the B-BX-BY tank farm reassessment. The logging results
are presented.

Drnevich, V. P, R. Salgado, A. Ashmawy, W. P. Grant, and P. Vallenas. 1995. Interpretation
d Large-Strain Geophysical Crosshole Tets. WHC-AS-2959, Westinghouse Hanford Com-
pany, Richland, Washington. ABSTRACT: A seismiccrossholetest has been developedwhere
large dynamic forces are applied in a borehole. This paper providesan improved, systematic
interpretation schemefor the data from these large-strain geophysical crossholetests. Useismade
of both the measured vel ocitiesat each sensor and thetravel times. The measured velocity at each
sensor |ocation shows a good measure of the soil particlevelocity at that location. Travel timesto
specificfeatures on the velocity time history, such asfirst crossover, are used to generate travel
time curvesfor the waves, which are nonlinear. At some distance, the amplitudesreduceto where
the stress-strainbehavior is essentialy linear and independent of strain amplitude. Thisfact is used
together with the measurementsat the three sensor locationsin a rational approach for fitting curves
of shear wave velocity versusdistance from the source hole that alow the determination of the
shear wave velocity and the shear strain amplitudeat each of the sensor locationsas well asthe
shear wave velocity associated with small-strain (linear) behavior.
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Elbring, G. J., and S. M. Narbutovskih. 1994. Integrated Test Plan for Crosswell Com-
pressional and Shear Wave Seismic Tomography for Site Characterization at the VOC Arid

Site. WHC-SD-EN-T1-039, WestinghouseHanford Company, Richland, Washington.
ABSTRACT: Thisintegrated test plan describesthe demonstrationof the crosswell acoustic
tomography techniqueas part of the V olatile Organic Compounds-Arid Integrated Demonstration
(VOC-Arid ID). The purposeof thisdemonstrationisto image the subsurface seismic velocity
structure and to relate the resulting vel ocity model to lithology and saturation. In fiscal year (FY)
1994 aniinitial fielding will test three different downhole sourcesat two different sitesat the U.S.
Department of Energy Hanford Site to identify which sourceswill providethe energy required to
propagate between existing steel -cased wells at thesetwo sites. Once this has been established, a
second fieldingwill performafull compressional and shear wave tomographic survey at the most
favorablesite. Datareduction, analysis, and interpretation of thisfull data set will be completed by
theend of thisfiscal year. The specific need is detailed subsurface characterization with minimum
intrusion. Thistechniquealso has applicationsfor long-term vadose zone monitoring for both
Resource Conservationand Recovery Act (RCRA) waste storage facilitiesand for remediation
monitoring. Images produced are continuous between boreholes. Thisis a significant improvement
over the single point data derived solely from coreinformation. Saturation changes, either naturally
occurring(e.g., perched water tables) or remediation-induced(e.g., water table mounding from
injection wells or during inwell air sparging), could beimaged. These crosswell dataallow optimal
borehole placement for groundwater remediation, associated monitoring wells, and possibly evalua-
tion of theeffectiveinfluenceof a particular remediation technique.

Elbring, G.J. 1995. Comparison of Lower-Fregquency (<1000 Hz) Downhole Seismic Sources
for Useat Environmental Sites. SAND-95-0344C, Sandia National L abor atories,Albuquer -
gue, New Mexico. ABSTRACT: In conjunctionwith crosswell seismic surveying being done at
the Hanford Site in south-central Washington, four different downhole seismic sourceshave been
tested between the same set of boreholes. The four sources evaluated werethe Bolt airgun, the
OY O-Conocoorbital vibrator, and two Sandia-developed vertical vibrators, one pneumatically
driven, and the other based on a magnetostrictive actuator. The sourcesgenerate seismic energy in
the lower frequency range of lessthan 1000 Hz and have different frequency characteristics,
radiation patterns, energy levels, and operational considerations. Collectionof identical data sets
with all four sources allowsthe direct comparison of these characteristicsand an evaluation of the
suitability of each sourcefor a given site and target.

Engelmann,R. E., R. E. Lewis, and D. C. Stromswold. 1995. Calibration Modelsfor Density
Borehole Logging - Construction Report. PNL-10800, Battelle Pacific Northwest L aboratories,
Richland, Washington. ABSTRACT: Two machined blocksof magnesium and aluminum alloys
form the basis for Hanford's density models. The blocksprovide known densitiesof 1.780 +

0.002 g/cu cm and 2.804 + 0.002 g/cu cm for calibratingborehole logging toolsthat measure
density based on gamma-ray scattering from asourcein thetool. Each block is—33 x 58 x 91 cm
(13x 23x 36in.) with cylindrical groovescut into the sidesof the blocksto hold steel casings of
inner diameter 15 cm (6 in.) and 20 cm (8in.). Spacersthat can be inserted between the blocksand
casingscan createair gaps of thickness0.64, 1.3, 1.9, and 2.5 cm (0.25, 0.5, 0.75, and 1.0 in.),
smulating air gapsthat can occur in actual wells from hole enlargementsbehind the casing.
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Engelman, R. E, R. E Lewis, and D. C. Stromswold. 1995. Calibration Modelsfor Measuring
Moisturein Unsaturated Formationsby Neutron Logging. PNL-10801, Battelle Pacific North-
west Laboratories, Richland, Washington. ABSTRACT: Calibration models containing known
amountsof hydrogen have been constructed to simulate unsaturatedearth formationsfor calibrating
neutron well-logging tools. The modelsare made of dry mixturesof hydrated alumina(Al(OH)3)
with either silica sand (Si02) or aluminum oxide (A1203). Hydrogen in the hydrated alumina
replaces the hydrogen in water for neutron scattering, malang it possibleto simulate partially
saturated formations. The equivalent water contentsfor the modelsare 5%, 12%, 20%, and 40% by
volume in seven tanksthat have adiameter of 1.5 mand a height of 1.8 m. Steel casings of inside
diameter 15.4 cm (for three models) and diameter 20.3 cm (for four models) allow logging tool
accessto simulatelogging through cased borehol es.

Fassett, J W. 1993. ** Spectral Gamma-Ray Log Report of Radionuclide Surveys Acquired
for 216-U-17 Crib."* WestinghouseHanford Company I nternal Memo, 81234-93-022,to S P.
Reidel. ABSTRACT: Logging with the high-resol ution, high-purity germanium passive spectral
gamma-ray system was completed for six boreholesalong the 216-U-17 crib.

Fassett, J. W. 1995. '*299-E33-05Contamination Movement."* WestinghouseHanford
Company I nternal Memo, 9550759to M. A. Buckmaster.

Fecht, K. R, G. V. Last, and K. R. Price. 1977. Evaluation of Scintillation Probe Profiles
from 200 Area Crib Monitoring Wells, Volumes1 through 3. ARH-ST-156, Atlantic Richfield
Hanford Company, Richland, Washington. ABSTRACT: Approximately 300 monitoring
wells adjacent to over 100 cribsin the 200 Areaswerelogged with scintillation probesin 1976.
Scintillation probe profileswere devel oped from these | ogs taken between 1954 and 1973. The
profiles were compiled to measure qualitatively the distribution, redistribution, and decay of

radi oactive contaminantsdisposed to the ground benesath crib facilities.

Fecht, K. R 1992. " Spectral Gamma-Ray Log Report for 300-FF-5Berehole Surveys."
Westinghouse Hanford Company Internal Memo, 81230-92-034to L. C. Holstrom.

Fecht, K. R. 1992. " Spectral Gamma-Ray Log Report for 299-W18-98.” \Westinghouse
Hanford Company Internal Memo, 81230-92-028to J. M. Jimenez.

Fecht, K. R 1992. ' Spectral Gamma-Ray Log Report for HWVP.” Westinghouse Hanford
Company I nternal Memo, 81230-92-024to M. A. Wasemiller.

Fecht, K. R. 1992. " Spectral Gamma-Ray Survey Report for Borehole 699-41-35."
Westinghouse Hanford Company Internal Memo, 81230-92-045t0 J. D. Davis. ABSTRACT:
Spectral gamma-ray log of well 699-41-35 at the 200 Area Treated Effluent Disposal Basinis
presented.

C.12



49.

50.

51

52.

53.

55.

Fecht, K. R 1992. ** Spectral Gamma-Ray Log Report for 100 Area Borehole Surveys.™
WestinghouseHanford Company I nternal Memo, 81230-92-038to A. D. Krug. ABSTRACT:
Spectral gamma-ray logs from 40 boreholesin the 100-BC-1, 100-BC-5, 100-DR-1, 100-FR-3,
100-HR-1, 100-HR-3, and the 100-NR-2 operabl e units are presented.

Fecht, K. R 1992. " Spectral Gamma-Ray Survey Report for Soil Column Disposal Ste'*
WestinghouseHanford Company Internal Memo, 81230-92-048to S P. Reidel. ABSTRACT:
Spectral gamma-ray logs of wells699-48-77 and 699-48-77A are presented.

Fecht, K. R 1993. " Spectral Gamma-Ray Log Report for Nine Additional 200-BP-1
Borehole Surveys." WestinghouseHanford Company Internal Memo, 81230-93-003to M. A.
Buckmaster.

Fecht, K. R 1993. ** Spectral Gamma-Ray Log Report of Radionuclide Surveys Acquired for
100-KR-1Operable Unit."* Westinghouse Hanford Company I nternal Memo, 81230-93-009to
N. M. Naiknimbalker. ABSTRACT: Spectral gammearray logs fromwells 116-K-2, 116-KE-4A,
and 116-KW-3A and a gross gamma log from well 116-K-1 are presented.

Fecht, K. R 1993. " Spectral Gamma-Ray Log Report of Radionuclide Surveys Acquired for
100-FR-30Operable Unit."" Westinghouse Hanford Company Internal Memo, 81230-93-011to
J W. Roberts. ABSTRACT: Spectral gamma-ray logs from boreholes 199-F1-2, 199-F5-47,
199-F7-3, and 199-F8-3 are presented.

Fecht, K. R. 1993. " Spectral Gamma-Ray Log Report of Radionuclide Survey Acquiredfor
216-220 Crib Restart.” Westinghouse Hanford Company Internal Memo, 81230-93-012to
V. G. Johnson. ABSTRACT: Spectral gamma-ray logs of boreholes 299-W18-17, -18, -19, -20,
and -29 are presented.

Fruland, R M, D. J Bates, and R. E. Lundgren. 1989. ResourceConservation and Recovery
Act Groundwater Monitoring Projectsfor Hanford Facilities: ProgressReport for the Period
July 1to September 30,1988: Volume 1, Text. PNL-6789, Val. 1, Battelle Pacific Northwest
Laboratories, Richland, Washington. ABSTRACT: Thisreport describesthe progressof 12
Hanford groundwater monitoring projects for the period July 1 to September 30, 1988. Duringthis
quarter, field activitiesat the 300 Area processtrenches, the Nonradioactive Dangerous Waste
Landfill, the 183-H Solar Evaporation Basins, the 1324-N/NA Surface mpoundment and Percola-
tion Ponds, the 1301-N and 1325-N Liquid Waste Disposal Facilities, and the 216-A-36B Crib
consisted of groundwater sampling and analyses, and water-level monitoring. The 200 ArealL ow-
Level Burial Groundssection includeswell development data, sediment analysis, and water-level
measurements. Groundwater sampling was begun at thissite, and resultswill be includedin next
quarter's report. Twelve new wellswere installed during the quarter, two at the 216-A-29 Ditch,
Six at the 216-A-10 Crib, and four at the 216-B-3 Pond. Preliminary characterizationdatafor these
new wellsareincluded in thisreport. Drillers' logsand other drilling and site characterization data
will be provided in the next quarterly report. At the 2101-M Pond, constructionwas completed on
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four wells, and initial groundwater samplesweretaken. Thedrilling logs, geophysical logging
data, and as-built diagramsare included in thisreport in Volume 2.

Fruland, R. M., D. J. Bates,and R. E. Lundgren. 1989. Resource Conservation and Recovery
Act Groundwater Monitoring Projectsfor Hanford Facilities. Progress Report for the Period
July 1to September 30,1988: Volume 2. Appendices. PNL-6789, Vol. 2, Battelle Pacific
Northwest L aboratories, Richland, Washington. ABSTRACT: ThisisVolume 2 of atwo-
volume set of documentsthat describesthe progress of 12 Hanford Site groundwater monitoring
projectsfor the period July 1 to September 30, 1988. Thisvolume providesthosedrilling logsand
well inspectionlcompl etionreportsinadvertently left out of last quarter's report for the 216-A-36B
Crib (Appendix A) and as-built diagrams, drilling logs, and geophysical logsfor wellsdrilled this
quarter near the 2101-M Pond. Volume 1 discussesthe 12 projects.

Fruland, R. M., D. J. Bates,and R. E. Lundgren. 1989. RCRA (Resource Conservation and
Recovery Act of 1976) Groundwater Monitoring Projectsfor Hanford Facilities: Progress
Report, October 1-December 31,1988: Volume 1. Text. PNL-6844 Vol. 1, Battelle Pacific
Northwest L abor atories, Richland, Washington. ABSTRACT: Thisreport describesthe pro-
gressof 13 Hanford groundwater monitoring projects for the period October 1 to December 31,
1988. There are 16 individual hazardouswaste facilitiescovered by the 13 groundwater monitoring
projects. The Grout Treatment Facility isincludedin thisseriesof quarterly reportsfor thefirst
time. The 13 projectsdiscussedin this report were designed according to applicableinterim-status
groundwater monitoring requirements specified in the Resource Conservationand Recovery Act of
1976 (RCRA). Duringthisquarter, field activitiesprimarily consisted of sampling and analyses,
and water-level monitoring. The 200 Areas Low-Leve Burial Grounds section includes sediment
analysesin addition to groundwater monitoring results. Twelve new wells were installed during the
previousquarter: two at the 216-A-29 Ditch, six at the 216-A-10 Crib, and four at the 216-B-3
Pond. Preliminary characterization data for these new wellsinclude drillers’ logsand other drilling
and site characterization data, and are providedin Volume 2 or on microfichein the back of
Volume 1.

Gardner, M. G. 1998. “In Situ Spectral Gamma-Ray Soil AnalysisResultsof Auger Drilled
Boreholesfor WESF Low Level Liquid WasteUnderground Piping Trench.” WasteMan-
agement Federal Services, Inc., Northwest OperationsL etter, WMNW-025-MGG.98 to
W.R. Shannon. ABSTRACT: B&W Hanford Company requested auger drilling and high-purity
germanium (HPGe) spectra gamma-ray analysisof the radionuclide distributionand concentration
of the sediments between tank vault TK-100 and the Waste Encapsul ation Storage Facility Truck
Port to adepth of 1.5 m (5 ft). Theresultsof the survey are presented.

George, D. C., and R. D. Wilson. 1994. Demonstration of Prompt Fission Neutron Logging
Tool Responseto Fissile Elements. Unpublished manuscript, prepared by RUST Geotech, Inc.
for US Department of Energy, Grand Junction ProjectsOffice, Albuquer que Oper ations
Office, Albuquerque, New Mexico. ABSTRACT: From about 1975 to 1985 the U.S. Department
of Energy Grand Junction Project Office managed the National Uranium Resource Evaluation
program. This programincluded development of borehole logging technologies. One of these,
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known as Prompt Fission Neutron logging, was developed by SandiaNational Laboratories. In
1978, during that development, ashort test of the technology was done at Hanford to show the
technology's capability to measurePu in situ. At the termination of the National Uranium
Resource Evaluation program, the Prompt Fission Neutron technology was transferred to the Grand
Junction Project Office contractor whereit was maintained in mothballs. The hardwarewas briefly
revived and taken again to Hanford for another short testin 1984. It was againretrieved from
mothballsas part of the DOE Technology Development Program in 1993 and taken to Hanford for
athird test. Hanford waschosen for this third test becauseno suitable holes were avail ableat the
Idaho National Engineering Laboratory's Radioactive Waste M anagement Complex, as proposed.
Thisreport describesthe system, its calibration, and its capabilitiesand performance. It compares
Pu-23910gs collected three times over a period of fifteen yearsin the same two boreholes.

Hartman, M. J. 1992. Borehole Completion Data Packagefor WellsN-71, N-72, N-73, and
N-74. WHC-SD-EN-DP-040, WestinghouseHanford Company, Richland, Washington.
ABSTRACT: Thisreport containsgross gamma-ray logsfor four new wells.

Hartman, M. J. 1992. Borehole Completion Data Package, 100-D PondsWells: CY 1992.
WHC-SD-EN-DP-043, WestinghouseHanford Company, Richland, Washington.
ABSTRACT: Thisreport containsgross gamma-ray logsfor four new wells.

Heistand, B. E., and E. F. Novak. 1984. Parameter Assgnmentsfor Spectral Gamma-Ray
Borehole Calibration Models. GIBX-2(84). Bendix Field Engineering Cor poration, Grand
Junction, Colorado.

Horton,D. G. 1992. " Review of RLS Surveysin 100 AreaDrilling Boreholes Westinghouse
Hanford Company Inter nal Memo, 81232-92-008to A. D. Krug.

Horton,D. G. 1998. Monitoring Plan for Borehole Logging at 216-Z-14 TileField, 216-2-9
Trench, and 216-Z-12 Crib. PNNL -11878, Pacific Northwest National L aboratory, Richland,
Washington. ABSTRACT: Thisplan describesthefiscal year 1998 vadose monitoringof three
inactive, liquid waste disposal facilitiesassociated with the Plutonium FinishingPlan (Z-Plant): the
216-A-1A tilefiled, the 216-Z-9 trench, and the 216-Z-12 crib. Monitoringwill consist of spectral
gamma-ray logging of twenty-oneboreholes. This plan described the physical characteristicsof the
facilities, their operational histories, the subsurface geology, and known contamination distribution
at each facility. The plan then describesthe specific monitoring to be doneincluding the boreholes
to belogged; the methods of data acquisition, data reduction, and data evaluation; and the quality
control, data management, and data reporting for thiseffort.

Horton, D. G. 1999. Monitoring Plan for Fiscal Year 1999 Borehole Logging at 200 East Area
SpecificRetention Facilities. PNNL-12222, Pacific Northwest National L abor atory, Richland,
Washington. ABSTRACT: The Hanford Groundwater Monitoring Project's vadose zone moni-
toring effort for fiscal year 1999 involves monitoring 30 boreholesfor moisture content and
gammearray-emittingradionuclides. This monitoring plan describesthe facilitiesand the vadose
zone at the cribs and trenchesto be monitored; the field activities to be accomplished; the
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constituents of interest and the monitoringmethods, including calibration issues; and the quality
assurance and quality control requirementsgoverning the monitoringeffort.

Horton, D. G, and R. R. Randall. 1998. Resultsof 1998 Spectral Gamma-Ray Monitoring of
Boreholesat the 216-Z-14 TileField, 216-Z-9 Trench, and 216-2-12 Crib. PNNL-11978, Pacific
Northwest National Laboratory, Richland, Washington. ABSTRACT: In April 1998, 21 bore-
holes at the 216-Z-1A tilefiled, 216-Z-9 trench, and 216-2-12 crib were monitored by spectral
gamma-ray logging becausethey were identified as containing some of the most significant sources
of radioactive contaminationin the Hanford Site vadose zone. The 1998ogging reveal ed that
man-made isotopes (cesum-137, protactinium-233, plutonium-239, and americium-241) were
present in the 216-Z-1 A tilefield and the 216-2-12 crib. The data collected in 1998 were compared
with past |og data, suggesting that there have been some changesin radionuclide activity around
two boreholesat thetile field and one borehole at the crib.

Horton, D. G.,and R. R. Randall. 2000. Resultsof 1999 Spectral Gamma-Ray and Neutron
Moisture Monitoring of Boreholesat Specific Retention Facilitiesin the 200 East Area, Hanford
Site. PNNL-13077,PacificNorthwest National Laboratory, Richland, Washington.
ABSTRACT: Twenty-eight wellsand boreholesin the 200 East Area, Hanford Site, Washington,
were monitored in 1999. The monitored facilitieswere past-practiceliquid waste disposal facilities
and consisted of six cribs and nineteen specific retention cribs and trenches. Monitoring consisted
of spectral gamma-ray and neutron moisture logging. All data areincluded in Appendix B.

Horton, D. G., S. P. Reidel, and G. V. Last. Monitoring Guidancefor Vadose Zone Monitoring
of Liquid Waste Disposal Facilitiesfor the Hanford Groundwater Project. PNNL-11958, Rev. 2,
Pacific Northwest National Laboratory, Richland, Washington. ABSTRACT: Thisdocument
isprepared by Pacific Northwest National Laboratory in responseto a U.S Department of Energy
request for a description of vadose zone monitoring of liquid waste disposal facilitiesthat are not
part of the Tank Waste Remediation System. This document includesthe needs and objectivesof
vadose zone monitoringand providesarationaleand genera framework for vadose zone moni-
toring of past-practice cribs, ditches, trenches, and other disposal facilities. The monitoring
described herein will be modified as necessary so as to be incorporatedinto the Groundwater1
Vadose Zone Integration Project. The vadose zone monitoring addressed in this document is part
of the Hanford Groundwater Monitoring Project. Assuch, the major objective of the monitoringis
protection of groundwater. However, the Hanford Groundwater Monitoring Project's vadose zone
monitoring complementsthe 200 Areasoil remediation strategy developed by the Hanford Site's
Environmental Restoration Contractor. Most 200 Areas past-practice, liquid waste, disposal
facilities are dated for remediation, ranging from complete cleanup to in-place management. The
monitoring discussed in this document will track vadose zone contamination until remedial actions
can occur. Also, if in someinstances vadose contaminationis managed in place, periodic moni-
toring to assessthe effectiveness of that remedial decision may be necessary. It isexpectedthat the
Hanford Groundwater Monitoring Project's vadose zone activitieswill undergo changesasthe
prioritiesand activitiesof the Hanford Site environmental restoration activitiesevolve.



69.

70.

71

72.

73.

74.

75.

76.

Isaacson, R E, and K. A. Gasper. 1981. A Scientific Bassfor Establishing Dry Well-
Monitoring Frequencies. RHO-ST-34, Rockwell Hanford Operations, Richland, Washington.

ABSTRACT: A scientific basishas been developedfor establishing the frequency of monitoring

dry wells. Dry wellsare used to detect radioactivity from aleaking underground high-leve radio-
active waste-storagetank. Thefrequency of monitoringa dry well is dependent on the response
characteristicsof the radiation-detectionsystem periodically used to monitor dry wellsfor
encroachingradioactivity.

Johnson, V. G. 1993. Groundwater | mpact Assessment Report for the 16-Z-20 Crib,

200 West Area. WHC-EP-0674, Westinghouse Hanford Company, Richland, Washington.

ABSTRACT: Neutron, total gamma, and natural potassium, uranium, and thoriumlogsare pre-
sented for boreholes299-W18-17, -18, -19, -20, and -29. Spectral gammalogs are presented for
boreholes299-W18-159 and -171.

Kasper, R B. 1981. 216-2-12 Crib Status Report. RHO-LD-166, Rockwell Hanford Opera-
tions, Richland, Washington. ABSTRACT: Thisreport givesthe results of six copper foil
experimentsand one neutronlog at the 216-2-12 crib.

Kasper, R. B. 1982. 216-Z-12 Transuranic Crib Characterization: Operational Histoy and
Distribution of Plutonium and Americium. RHO-ST-44, Rockwell Hanford Operations,
Richland, Washington. ABSTRACT: Thisreport presentsone neutronfl ux log.

Kasza, G. L. 1992. Borehole Completion Data Packagefor 216-A-29 RCRA Facility
MonitoringWells 299-E25-42, 299-E25-43, 299-E26-12, and 299-E26-13. WHC-SD-EN-DP-
047, Westinghouse Hanford Company, Richland, Washington. ABSTRACT: Thisreport
containsgrossgamma-ray logsfor the four new wells.

Koegler, K. J. 1993. Integrated Test Plan for Demonstration of a Prompt Fission Neutron
Logging Tool. WHC-SD-EN-TI-032, Westinghouse Hanford Company, Richland, Washing-
ton. ABSTRACT: Thisplan describesthe demonstration of the geophysical loggingtool as part of
the VolatileOrganic Compounds Arid Sites Integrated Demonstration (VOC-Arid ID) and the
Buried Waste I ntegrated Demonstration. The purposeisto show that the tool can log cased
boreholesat Hanford waste sites for the presencein the soil of fissionableisotopes.

Koizumi, C. J. 1990. " Spectral Gamma Ray L og From Borehole 299-W26-11.”
WestinghouseHanford Company | nternal Memo, 81232-91-032to B. A. Williams.

Koizumi, C. J, J. R. Brodeur, W. H. Ulbricht, and R. K. Price. 1991. Calibrationof the RLS
HPGe Spectral Gamma Ray Logging System. WHC-EP-0464, Westinghouse Hanford Com-
pany, Richland, Washington. ABSTRACT: Gamma-ray spectral data have been recorded with
the RadionuclideL ogging System (RLS) high-purity germanium (HPGe) systemat 1) the American
Petroleum I nstitute (API) spectral gammea-ray calibration center in Houston, Texas; 2) the U.S.
Department of Energy (DOE) spectral gamma-ray field calibration facility in Spokane, Washing-
ton; and 3) the DOE spectral gamma-ray primary calibration center in Grand Junction, Colorado.
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Analysesof the Grand Junction data yielded: calibration constantsfor the natural gamma-ray
sources (potassium, uranium and thorium), energydependent borehole diameter correctionsfor the
air-filled borehole, energy-dependent borehole casing correctionsfor steel casing over arange of
thickness from 0 to 79 cm (5/16 in.), a casing index function that varieswith casing thicknessand
providesa method for verifying that the correct casing correctionis applied, and an energy-
dependent inverse function that isthe basisfor assessment of subsurfaceconcentrationsof man-
made gamma-ray emitterssuch as cesium-137 and cobalt-60.

Koizumi, C. J. 1991. “Borehole L ogging Activity Report for Interim Response Action:
Carbon-TetrachlorideVapor Extraction." WestinghouseHanford Company I nternal Memo,
81232-91-021to V. J. Rohay. ABSTRACT: Grossgammaand spectral gammalogs from bore-
holes299-W18-87, -150, -164, and -171 are presented.

Koizumi, C. J., W. H. Ulbricht, and J. R. Brodeur. 1991. Intrinsic Germanium Gamma-Ray
Data from the New American Petroleum I nstitute Spectral Gamma-Ray Calibration Models.
WHC-SA-1176, WestinghouseHanford Company, Richland, Washington. ABSTRACT:
High-resolution gamma-ray spectra have been recorded at the new American Petroleum Institute
(API) spectra gamma-ray logging calibration center with a U.S. Department of Energy passive
spectral gamma-ray logging unit. These measurementswere completed before gammarray source
concentrationswere assigned to the calibration model zones. Analysesof spectragatheredfrom
five of the calibration zonesyielded linear relationships between: 1) tentative uranium concentra-
tionsand intensities of the 352-, 609-, and 1,764- keV gamma-ray peaks and 2) tentativethorium
concentrationsand intensitiesof the 583-, 911-, and 2,615-keV gamma-ray peaks. The tentative
potassium concentrationand associated 1,461-keV gamma-ray peak intensity for the High Mix
zone did not conformto the linear function defined by the tentative concentrationsand peak
intensitiesfor the four other zones. The function implied that the peak intensity for the High Mix
zone corresponded to a potassium concentration of about 4.05%. Thiswas substantially smaller
than the tentative valueof 5.62%. A dightly different analysisled an APl spectral gamma-ray
calibrationtask group to concentrationsof 3.98 + 0.26% for the High Mix zoneand 0.90 + 0.12%
for the Low Mix zone. Thetask group has recommended that the AR assign these concentrations
to the zones.

Koizumi, C. J., J. R. Brodeur, R. K. Price, J. E. Meisner,and D. C. Stromswold. 1994. High-
Resolution Gamma-Ray Spectrometry Logging for Contamination Assessment. Nuclear
Geophysics 8:149-164.

Kos, S. E 1995. Assessmentof Vadose Zone Radionuclide Contamination Around Single Shell
Tank 241-C-103. WHC-SD-EN-TI1-299,Rev. 0, WestinghouseHanford Company, Richland,
Washington.

Kos, S. E. 1995. Report of Spectral Gamma-Ray Surveys Acquired for the 100-UP-2 Project.
WHC-SD-EN-TI-298, Rev. 0, WestinghouseHanford Company, Richland, Washington.
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Kos, S. E. 1995. Report of Spectral Gamma-Ray Surveys Acquired for the 100-UP-I Project.
WHC-SD-EN-TI1-297,Rev. 0, WestinghouseHanford Company, Richland, Washington.

Lagt, G. V., K.R. Fecht,and M. A. Chamness. 1984. Scintillation Logging Plan for Moni-
toring I nactiveCribs. RHO-RE-PL -23, Rockwell Hanford Oper ations, Richland, Washington.
ABSTRACT: Thisdocument presentsa review of crib facilities, adescription of thescintillation
probe system, and a summary of previousstudies; it also formulatesa scintillationlogging plan for
monitoring theinactivecrib facilities.

Lewis, R. E.,and A. W. Pearson. 1992. Catalog of Borehole Geophysicsfor the 100 Areas

and Adjacent 600 Area, Hanford Site, 1962—-May 1992. A Research Report for Westinghouse
Hanford Company. PNL -8230, Battelle Pacific Northwest L aboratories, Richland, Wash-
ington. ABSTRACT: Thisreport catal ogs geophysical borehole logs acquired between 1962,
when logging began, and May 15, 1992, in the 100 Areasand the surrounding 600 Areaof the
Hanford Site. Separate tableswere prepared for each respective set of wells. Each tablelistsall
wellsknown to have been drilled, all borehole geophysical |ogs measured, and the location of these
logs. No informationisprovided for logs acquired by the WestinghouseHanford Company spectral
gammalogging system. Mapsare provided for identification of the specificwellsin the 200 Areas.
A crossreference between the well numbering scheme employed by the Basalt Waste | solation
Project and that based on theHanford grid nameis provided for the appropriate wellsin the

600 area.

Lewis,R.E.,and S. S. Ted. 1994. A Survey of Existingand Emerging Technologiesfor
External Detection of Liquid Leaksat the Hanford Site. PNL-10176, Pacific Northwest
Laboratory, Richland, Washington. ABSTRACT: Thisreport presentsa catalog of existingand
emerging technol ogies that may be applicablefor the detection of liquid leaksin the unsaturated
subsurface externa to storageand transfer facilities. The catalog was developed with the needs of
the Hanford Sitein mind, primarily those of tank farms. The needsfor external leak detection for
other Hanford facilitieswere also considered (e.g., retention basins, pipelines). A total of 29 tech-
nol ogiesisdescribed and rated in a spreadsheet provided with thisreport. Thesetechnologies

can be divided into thefollowinggroups: 1) borehole geophysics, 2) surface geophysics,

3) borehole-to-boreholegeophysics, 4) soil moisture instrumentation, 5) in situ sensors, 6) moisture
removal and analysis, and 7) vapor extraction analysis. General descriptionsof these groups and
the evaluated technol ogiesare provided in the text.

Lindberg,J. W.,B. A. Williams,and F. A. Spane. 1997. Borehole Data Package for Well 699-
37-47A, PUREX Plant Cribs, CY 1996. PNNL -11515, Pacific Northwest National L abor atory,
Richland, Washington. ABSTRACT: A new groundwater monitoring well (699-37-47A) was
installed in 1996 as a downgradient well near the PUREX Plant Cribs Treatment, Storage, and
Disposa Facility at Hanford. Thisdocument provides data from the well drilling and construction
operations, aswell as data from subsequent characterizationof groundwater and sediment samples
collected during the drilling process. The datainclude: well constructiondocumentation, geolo-
gist's borehole logs, resultsof laboratory analysisof groundwater samplescollected during drilling
and of physical tests conducted on sediment samples collected during drilling, borehole geophysics,
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and resultsof aquifer testing including slug testsand flowmeter analysis. Thiswell (699-37-47A)
was constructed in support of the Hanford Federal Facility Agreementand Consent Order (Tri-
Party Agreement) milestone M-24-00H and interim milestoneM-24-35 (Ecology et a. 1994), and
was funded under Project W-152.

Lockhead Martin Hanford Corporation. 1998. Analysisof Historical Gross Gamma Logging
Data from BX Tank Farm. HNF-3531, Lockheed Martin Hanford Corporation, Richland,
Washington.

Lockhead Martin Hanford Corporation. 1998. Analysisof Historical Gross Gamma Logging
Data from TY Tank Farm. HNF-3831, Lockheed Martin Hanford Corporation, Richland,
Washington.

MACTEC-ERS. 1997. Hanford Tank Farms VadoseZone, CalibrationPlan for Spectral
Gamma-Ray Logging Systems. MAC-VZCP-1.73, Rev. 1for US Department of Energy,
Grand Junction Projects Office, Grand Junction, Colorado.

MACTEC-ERS. 1997. Hanford Tank Farms VadoseZone, Data AnalysisManual. MAC-
VZCP1.7.9, Rev. 1for US Department of Energy, Grand Junction Projects Office, Grand
Junction, Colorado.

MACTEC-ERS. 1997. Hanford Tank FarmsVadose Zone, High Resolution Passive Soectral
Gamma-Ray Logging Procedures. MAC-VZCP-1.7.10-1, Rev. 2for US Department of
Energy, Grand Junction Projects Office, Grand Junction, Colorado.

MACTEC-ERS. 1997. Hanford Tank FarmsVadose Zone, Preventative Maintenance
Proceduresfor the Spectral Gamma Logging System. MAC-VZCP-1.7.10.-2, Rev. 1for US
Department of Energy, Grand Junction Projects Office, Grand Junction, Colorado.

MACTEC-ERS. 1997. Hanford Tank FarmsVadoseZone, Project Management Plan. MAC-
VZCP-1.7.2, Rev. 1for US Department of Energy, Grand Junction Projects Office, Grand
Junction, Colorado.

Menninga, C, and R. L. Brodzinski. 1981. Design Manual for a Well-Logging Probe Capable
of Measuring Tritium. PNL-4069, Pacific Northwest L aboratory, Richland, Washington.
ABSTRACT: The purpose of thisinstrumentisto measure the concentrationof tritiumin situ in a
well or bore hole. Theinstrument isdesigned to detect tritium at concentrationsas|ow asterrestria
surface background. Theinstrument can sample air or water, and purify the sample from other
radioactive nuclidesand from chemical contaminants. The instrument will operate satisfactorilyin
the presence of amoderate gamma-ray background.

Mennings, C, and R. L. Brodzinski. 1983. WelI-Logging Probefor Measuring Tritium:
Construction and Operating Manual. PNL-4620, Pacific Northwest L aboratory, Richland,
Washington. ABSTRACT: This document describesthe as-built construction and operating
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proceduresfor awell-logging instrument capable of measuring tritium in situ in awell or borehole
assmadl as 3-in. schedule40 pipe. A companion document, A Design Manual for a Well-Logging
Probe Capable of Measuring Tritium, PNL-4069, should bereferred to for al design information
and drawings. This document contains sectionsdescribing changes made between the design and
constructionphases, the general configuration of the instrument, and step-by-step operating pro-
cedures. The instrument can sample air or water and can purify the samplefrom other radionu-
clides or chemical contaminants. The instrument will operate satisfactorily in the presence of a
moderate gammearray background and can measure tritium concentrationsaslow as 50 pCi/ml of
water in normal logging operations.

Meisner, J. E. 1995. VadoseZone Measurement Through Steel Casing Evaluation. WHC-
SD-EN-T1-304, WestinghouseHanford Company, Richland, Washington. ABSTRACT:
Westinghouse Hanford Company has initiated investigation into the use of a standard moisture
gaugefor measurement of in-formation moisture content from cased wells. The presenceof air in
the borehole does not destroy the instrument response; in fact, the responseisvery sensitiveto
formation moisture from steel-cased boreholes. Calibration of the prototypeinstrument configu-
ration and some experimental characterization for variousborehole constructions have been
performed and reported. Recommendationsfor future study are al so provided.

Meisner, J. E., R. K. Price,and R. R. Randall. 1996. RadionuclideLogging System In Situ
Vadose Zone Moisture Measurement Calibration. WHC-SD-EN-T1-306, Westinghouse
Hanford Company, Richland, Washington. ABSTRACT: WestinghouseHanford Company has
adapted a moisturegaugefor usein the vadose zone logging of Hanford Sitewells. A version of
the instrumentation was previously evaluated and calibratedin March 1995. Sincethat time, nearly
50 wellshave been logged. Thisreport documentsthe calibration data and the resultsof various
effectsthat influenceor interferewith the response of count rate to formation moisture content.

Mercer, R. B. 1993. 1992 Borehole Completion Data Packagefor the Low-Level Burial
Grounds. WHC-SD-EN-DP-049, WestinghouseHanford Company, Richland, Washington.
ABSTRACT: Thisreport containsgross gammea-ray logsfor ten new wells.

Mercer, R. B. 1993. 1991 Borehole Completion Data Packagefor the Low-Level Burial
Grounds. WHC-SD-EN-DP-044,W estinghouseHanford Company, Richland, Washington.

ABSTRACT: Eighteen additional groundwater monitoring wells were installed around the low-

level burial groundsin 1991. This data package containsinformationon the drilling, construction,
development, and aquifer testing of these wells. Thisreport contains grossgamma-ray logsfor the
wells.

Mercer, R. B. 1994. 1993 Borehole Completion Data Packagefor the Low-Level Burial

Grounds. WHC-SD-EN-DP-086, WestinghouseHanford Company, Richland, Washington.
ABSTRACT: Thisreport containsgross gamma-ray logs for two new wells.
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Mitchell, R M., K. A. Bergstrom, C. J. Chou, D. L. Edwards, D. G. Horton, V. G. Johnson,
B.M.Markes, T. H. Mitchell, R. K. Price, S. P. Reidel, K. D. Reynolds,and W. R.
Thackaberry. 1998. TWRS Phasel Privatization Site Preconstruction Characterization Report.
HNF-2067, Rev. 0, Fluor Daniel Hanford, Inc., Richland, Washington. ABSTRACT: The
results of in situ gamma-ray and vadose zone moisture surveysfor 15 existingwellsand 5
temporary boringsin the area of theformer Grout Treatment Facility are presented.

Myers,D. A.,D. L. Parker, MACTEC-ERS; G. W. Geg, V. G. Johnson, G. V. Lagt, and R. J.
Serne. 1998. Lockheed Martin Hanford Corporation. Findingsof the Extension of Borehole
41-09-39, 241-SX Tank Farm. HNF-2855, Pacific Northwest National Laboratory; and D. J.
M oak, Waste M anagement Nor thwest for Lockheed Martin Hanford Cor por ation, Richland,
Washington.

Narbutovskih, S. M., and F. Michelsen. 1994. Preliminary Results of a Seismic Borehole Test
Using Dewnhole Shaped Chargesat the DOE Hanford Site. WHC-SA-2304, Westinghouse
Hanford Company, Richland, Washington. ABSTRACT: Geophysical site characterization
studiescan be important steps in the processaf designing and monitoringremediation at hazardous
waste storage facilities. Use of seismic techniquesfor subsurface characterizationat the DOE
Hanford Site has been limited. Onereason isthe lack of borehole velocity control, and low-
velocity sedimentsare highly attenuative. Consequently, standard techniquesto provide velocity
control are not adequate. Both Vertical Seismic Profiling and reversed V SP surveys are currently
being investigatedto provide velocity control and for subsurfaceimaging capabilities. Recently,a
jet perforating gun was used to perforate a doubled-cased borehole in the 200 West Area. Acoustic
emissionswere recorded from numerous depthsto obtain velocity control for a previous surface
survey conductedin thesame area. Both P- and S-wave data were recorded simultaneously from
multiple horizonsusing the DA S-1 seismograph and 3-component geophones. The data were
analyzedfor avariety of usesbesidesvelocity control. Signal attenuationwas studied as afunction
of source depth and offset distance to evaluate formation absorption while vertical resolution was
determined from the frequency spectrum. Preliminary results indicate that adequate P-wave
velocity control can be obtained athough the near-surface sedimentsare very attenuative. How-
ever, we concludethat the perforating gun produceslittle SH energy. Preliminary velocities
indicatethat reflection coefficients should be great enough to use surfacetechniques. Resultsfrom
the frequency study suggest that a swept sourcefor both surface and borehole surveys may be
necessary to obtain required resolutions. Finally, signal attenuation as afunction of formation

facies suggeststhat seismic techniquesmay be useful in mapping perched water zones and for long-
term vadose zone monitoring.

Narbutovskih, S M., T. D. Halter, M. D. Sweeney, W. Daily, and A. L. Ramirez. 1996.
Electrical Resistivity Tomography at the DOE Hanford Site. WHC-SA-3035-FP, Westinghouse
Hanford Company, Richland, Washington. ABSTRACT: Recent work at the U.S. DOE
Hanford site has established the potential of applying Electrical Resistivity Tomography (ERT) for
early leak detection under hazardous waste storagefacilities. Severa studieshave been concluded
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to test the capabilitiesand limitations of ERT for two different applications. First, field experi-
ments have been conducted to determine the utility of ERT to detect and map | eaks from under-
ground storage tanksduring wasteremoval processes. Second, the use of ERT for long-term
vadose zone monitoring has been tested under different field conditionsof depth, installation
design, and acquisition mode/equipment and infiltrationchemistry. Thiswork involvestransferring
thetechnol ogy from LawrenceLivermore Nationa Laboratory (LLNL) to the Resource Conserva-
tion and Recovery Act (RCRA) program at the DOE Hanford Site. Thispaper coversfield training
studiesrelevant to the second applicationfor long-term vadose zone monitoring.

Narbutovskih, S. M., D. F. Iwatate, M. D. Sweeney, A. L. Ramirez, W. Daily, R. M. Morey,
and L. Christensen. 1996. Feasibility of CPT-Deployed Vertical ElectrodeArray in Single Shell
Tank Farms. WHC-SD-EN-TA-004,Westinghouse Hanford Company, Richland,
Washington.

Pacific Northwest National L aboratory( PN\L) . 1999. Borehole Data Packagefor 1998 Wells
Installed at Single-Shell Tank Waste Management Area T. PNNL -12125, Pacific Northwest
National Laboratory, Richland, Washington. ABSTRACT: Two new Resource Conservation
and Recovery Act (RCRA) groundwater monitoringwellswereinstalled at the single-shell tank
farm Waste Management Area(WMA) T in August through November of 1998 in fulfillment of
Tri-Party Agreement (Ecology 1996) MilestoneM-24-37. The wells are 299-W10-23 and 299-
W10-24. Well 299-W10-23 replaceswell 299-W10-15 and well 299-W10-24 replaceswell 299-
W!10-27; both new wellsare located north of WMA T and are downgradient monitoring wells. The
locations of al wellsin the extended monitoring network for WMA T areshownin Figurel. The
groundwater monitoring plan for WMA T (Caggiano and Goodwin 1991) describesthe hydro-
geology of the 200 West Areaand WMA T. An Interim Change Noticeto the groundwater
monitoring plan providesjustification for the new wells. The new wellswere constructedto the
specifications and requirementsdescribed in Washington Administrative Code (WAC) 173-160
and WAC 173-303. Thisdocument compilesinformationon the drilling and construction, well
development pump installation, and sediment testing applicable to wells 299-W10-23 and 299-
W10-24. Appendix A containscopiesof the geologist's log, the Well Construction Summary
Report; and Well Summary Sheet (as-built diagram); Appendix B containsresultsof laboratory
analysesof particlesizedistribution, pH conductivity, and moisture content; Appendix C contains
geophysical logsanayses; and Appendix D containsanalytical results from groundwater samples
obtained during well construction. Aquifer tests(slug tests) were performed on both new wells
after well completions. Resultsof the aquifer testswill be reported el sewhere. Additional docu-
mentation concerning well construction ison file with Bechtel Hanford, Inc., Richland,
Washington.

Pacific Northwest National Laboratory (PNNL). 1999. Borehole Data Packagefor 1998 Wells
Installed at Single-Shell Tank Waste Management Area U. PNNL-12126, Pacific Nor thwest
National Laboratory, Richland, Washington. ABSTRACT: Two new Resource Conservation
and Recovery Act (RCRA) groundwater monitoringwells wereinstalled at the single-shell tank
farm Waste Management Area (WMA) U in October 1998 in fulfillment of Tri-Party Agreement
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(Ecology 1996) milestone M-24-39. Thewellsare 299-W19-41and 299-W19-42. Well 299-W19-
41 islocated east of the southeastern comer of the WMA and replaces downgradient well 299-
W19-32. Wdll 299-W19-42 islocated east of the WMA near the northeasterncomer and isanew
downgradientmonitoring well. Thelocationsof al wellsin the monitoring network are shown on
Figurel. The groundwater monitoring plan for WMA U (Caggiano and Goodwin 1991) describes
the hydrogeol ogy of the 200 West Areaand WMA U. An Interim Change Noticeto the ground-
water monitoring plan providesjustificationfor the new wells. The new wells were constructedto
the specifications and requirementsdescribed in Washington Administrative Code (WAC) 173-160
and WAC 173-303. This document compilesinformation on the drilling and construction; well
development pump installation; and sediment testing applicable to wells299-W19-41 and 299-
W19-42. Appendix A containsthe geologist's log, the well construction summary report, and well
summary sheet; Appendix B containsresults of |aboratory measurementsof particle size distribu-
tion pH conductivity, and calcium carbonate and moisture contents; and Appendix C contains
geophysical logs. Aquifer tests(dug tests) were performed on both new wells. Resultsfrom the
aquifer testswill be reported elsewhere. Additional documentationconcerning well constructionis
on filewith Bechtel Hanford, Inc., Richland, Washington.

Pacific Northwest National Laboratory (PNNL). 1999. Berehole Data Packagefor Well
299-E33-44 at Single-Shell Tank Waste Management Area B-BX-BY. PNNL-12128, Pacific
Northwest National L aboratory, Richland, Washington. ABSTRACT: Onenew Resource
Conservation and Recovery Act (RCRA) groundwater monitoring well was installed during
September 1998 at the single-shell tank farm Waste Management Area(WMA) B-BX-BY. The
well is299-E33-44 and islocated east of theBY single-shell tank farm. The well isanew upgrad-
ient monitoring well drilled in support of the groundwater assessment program at WMA B-BX-BY.
Thisdocument i sa compilation of informationon the drilling and constructionwell development
pump installationand sediment testing and analyses applicableto well 299-E33-44. Appendix A
containscopiesof the geologist's log, the Well Construction Summary Report, and Well Summary
Sheet (as-built diagram); Appendix B containsresults of Laboratory analyses completed on samples
of sediment from the well; and Appendix C contains geophysical logs. An aquifer test (dug test)
was donein the well after well completion. Results from the aquifer test will be published else-
where. Additional documentation concerningwell construction ison file with Bechtel Hanford
Inc., Richland, Washington.

Pacific Northwest National Laboratory (PNNL). 1999. Borehole Data Packagefor 1998 Wells
Installed at Single-Shell Tank Waste Management Area TX-TY. PNNL-12124, Pacific North-
west National Laboratory, Richland, Washington. ABSTRACT: Four new Resource Conserva-
tion and Recovery Act (RCRA) groundwater monitoring wellswereinstalled at the single-shell
tank farm Waste Management Area (WMA) TX-TY during August through November of 1998 in
fulfillment of Tri-Party Agreement (Ecology 1996) milestoneM-24-38. The wellsare 299-W10-
26, 299- W14-13,299-W14-14, and 299-W1540. Well 299-W10-26is|ocated outside the east
fenceof the TY tank farm and replaces downgradient well 2909-W10-18; well 299-W14-13is
located along the east fence near the northeast comer of the TX tank farm and replaces down-
gradient well 299-W10-18; well 299-W14-13 is|ocated outsidethe east fence in the south half of
the TX tank farm and isa new downgradient well; and well 299-W15-40is|ocated on the west side
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of the TX tank farm and isanew upgradient well. Thelocationsof all wellsin the monitoring
network are shown on Figure 1. The groundwater monitoring plan for WMA TX-TY (Caggiano
and Goodwin 1991) describesthe hydrogeol ogy of the 200 West Areaand WMA TX-TY. An
Interim Change Noticeto the groundwater monitoring plan providesjustification for the new wells.
The new wells were constructed to the specificationsand requirementsdescribed in Washington
Administrative Code (WAC) 173-160 and WA C 173-303. This document compilesinformationon
thedrilling and construction, well development pump installation; groundwater sampling; and
sediment testing applicableto wells 299-W10-26,299-W14-13,299- W14-14, and 299-W15-40.
Appendix A containsthe geologist's log, the Well Construction Summary Report, and Well
Summary Sheet (as-built diagram); Appendix B containsresults of laboratory analysesof particle
sizedistribution, pH conductivity, calcium carbonate content; major cation and anion concentra:
tionsfrom 1:1 water, sediment extracts, and moisture content; Appendix C contains geophysical
logs, and Appendix D containsthe analytical resultsfrom groundwater samplesobtained during
well construction. Aquifer tests(slug tests) were performed on al the new wellsafter well com-
pletion. Resultsof the aquifer testswill be reported elsawhere. Additional documentationcon-
cerningwell constructionison file with Bechtel Hanford, Inc., Richland, Washington.

Petrie, G. M,, D. Gibson,and S. C. Blair. 1983. User'sManualfor Geophysical Well-Logging
Software Programs. PNL-4562, Pacific Northwest L abor atory, Richland, Washington.
ABSTRACT: Since 1958, the Groundwater Surveillance Programfor the Hanford Site has made
geophysical logging measurementsin most of the 800 wellsand deep borehol esthat have been
drilled on the Hanford Site. In 1980 the Pacific Northwest Laboratory (PNL), which conductsthe
Groundwater Surveillance Program, began forming a computerized database for storing and
retrieving geophysical well log data and devel opingsoftware for quantitative analysisof the well
log data. Thisreport, designedto serve asa user's guide, documentsthe database systemthat
handlesthe well log data. Two programs, DIGLOG1 and LOGIT, are used to manipulatethe data.
The program DIGLOG1 trandates anal og paper strip chartsinto digital format; the program LOGIT
isageneral utility program that edits, displays, checks, stores, writes, and deletessetsof well log
data. Thesetwo programsdo not provide sophisticated display and analytical capabilities; rather,
they provide programsthat give the user easy accessto powerful standard analytical software.

Price, R. K. 1992. " Preiminary Evaluation of RLS L og Surveysfor Boreholes 299-W19-11
and 299-W22-75." Westinghouse Hanford Company I nternal Memo, 81230-92-006to M. J.
Galgoul. ABSTRACT: Memo transmitslogs from the 216-U-1 and 216-U-12 cribs.

Price, K. R. 1992. Spectral Gamma-Ray L ogReportfor 200-BP-1 Borehole Surveys.
WHC-SD-EN-ES-029, Rev. 0, Westinghouse Hanford Company, Richland, Washington.

Price, R. K. 1993. Spectral Gamma-Ray L og Reportfor RadionuclideSurveysAcquir edfor
100-NR-1 Operable Unit. WHC-SD-EN-T1-189,Rev. 0, WestinghouseHanford Company,
Richland, Washington.

Price, K. R. 1993. Spectral Gamma-Ray L og Reportfor Tank 241-T-101 Borehole Surveys.
WHC-SD-EN-TI-163, Rev. 0, Westinghouse Hanford Company, Richland, Washington.
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Price, R K. 1993. Spectral Gamma-Ray Log Report for 100 Area Borehole Surveys.
WHC-SD-EN-TI-123, Rev. 0, Westinghouse Hanford Company, Richland, Washington.

Price, R. K. 1994. Radionuclide Logging of Tank 241-T-106, Borehole 299-W10-196.
WHC-SD-EN-TI-271,Rev. 0, WestinghouseHanford Company, Richland, Washington.
ABSTRACT: Geophysica surveyswere conducted in borehole 299-W10-196 during construction
to profile the radionuclide contaminantsin the vadose zone that |eaked from single-shell tank 216-
T-106. Contaminantsfrom the tank leak were detected to 120 feet below the ground surface. A
second compl ete geophysical survey was conducted about one year after drilling was completed to
eval uate contaminant movement that may have been caused by the presence of the cased borehole.
Contaminant movement would warrant plugging and abandoning the borehole. Comparison of the
two surveysindicate that no contamination movement to greater depthscan beidentified.

Price, R. K. 1995. Vadose Zone Monitoring Plan Using Geophysical Nuclear Logging for
RadionuclidesDischarged to Hanford Liquid Waste Disposal Facilities. WHC-SD-EN-AP-087,
Westinghouse Hanford Company, Richland, Washington. ABSTRACT: During plutonium
production at Hanford, large quantitiesof hazardousand radioactive liquid effluent waste have been
discharged to the subsurface(vadose zone). Thesedischargesat over 330 liquid effluent disposal
facilities (i.e., cribs, ditches, and ponds) account for over 3,000,000 curies of radioactive waste
released into the subsurface. It isestimated that 10% of the contaminants have reached the ground-
water in many places. Continuing migration may further impact groundwater quality in the future.
Through the RCRA Operational Monitoring Program, a Radionuclide Logging System (RLS) has
been obtained by Hanford Technical Services (HTS) and enhanced to measure the distribution of
contaminants and monitor radionuclidemovement in existing groundwater and vadose zone bore-
holes. Approximately 100 wellsarelogged by HTS each year in thisprogram. In some cases,
movement has been observed yearsafter dischargeswere terminated. A similar programisin place
to monitor the vadose zone at the Tank Farms. This monitoring plan describes Hanford Programs
for monitoring the movement of radioactive contamination in the vadose zone. Program
background, drivers, and strategy are presented. The objective of thisprogramisto ensure that
DOE-RL isawareof any migration of contaminantsin the vadose zone, such that groundwater can
be protected and early actions can be taken as needed.

Price, R. K. 1996. Evaluation of Historical Dry Well SurveillanceLogs. WHC-SD-ENV-
T1-001 Rev. 0, WestinghouseHanford Company, Richland, Washington. ABSTRACT:
Several dry well surveillancelogsfrom 1975 through 1995 for the SX tank farm have been
examined to identify potential subsurface zonesof radioactivecontaminant migration. Severa
dynamic conditionsof the gamma-ray-emittingradioactive contaminants have been identified.

Price, R. K. 1997. " In Situ Spectral Gamma-Ray Survey Resultsof Auger Drilled Boreholes
on East Sideof 221-B Plant in Support of W-059 Soil Sampling.” W aste M anagement
Federal Services, | nc., Northwest OperationsL etter, WMNW-9751307 to D. K. Smith.
ABSTRACT: B&W Hanford Company requested auger drilling and high-purity germanium
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(HPGe) spectral gammarray analysis of theradionuclide distributionand concentrationof the
sedimentson the south side of 221-B to adepth of 1.22 m (4 ft). Theresultsof the survey are
presented.

Ramirez, A., W. Daily, A. Binley, and D. LaBrecque. 1996. Tank Leak Detection Using
Electrical Resistance Methods. UCRL -JC-122875, L awr ence LivermoreNational L aboratory,
California. ABSTRACT: Largevolumesof hazardousliquidsand high-level radioactivewastes
are stored worldwidein surface and underground tanks. Frequently these tanksarefound to leak,
thereby resultingin not only aloss of stored inventory, but in contamination to soils and ground-
water. It isimportant to develop areliablemethod of detecting leaks before large quantitiesare
emitted into the environment surrounding the tanks. Two field experimentswere performed to
evaluatethe performanceof electrical resistancetomography (ERT) as aleak detection method
under metal underground storage tanks (UST). Thispaper providesasummary of thefield
experimentsperformed under a 15-m-diameter steel tank mockup located at the Hanford
Reservation.

Randall,R. R. 1994. Calibration of the Radionuclide Logging System Germanium Detector.
WHC-SD-EN-TI1-292,Westinghouse Hanford Company, Richland, Washington.

ABSTRACT: Gamma-ray source concentrationsare derived from log data by cal cul ationsthat
employ the calibration factors and correction functionsdescribedin thisreport. Calibrationdata
were collected with a Radionuclide Logging System. Analysesof the calibration data established:
1) calibration factorsfor potassium, uranium, and thoriumand 2) a calibration functionthat permits
assessments of cesium-137, cobalt-60, and other artificial nuclidesnot represented in the calibration
models.

Randall,R.,and D. Stromswold. 1995. Proceduresfor Calibrating Scintillation Gamma-Ray
Well Logging Tools Using Hanford Formation Models. WHC-SD-EN-T1-293, Westinghouse
Hanford Company, Richland, Washington.

Randall, R.R.,and R. K. Price. 1998. AnalysisTechniquesAppliedtothe Dry Well Sur-
veillance Gross Gamma Ray Data at the SX Tank Farm. WMNW/TRS-ES-VZMA-001, Waste
M anagement Federal Services, Inc., Northwest Oper ations, Richland, Washington.

Randall,R.R., and R. K. Price. 1998. Monitoring Resultsfor the SX Single Shell Tank Farm
Dry Well Gamma Ray Surveillance Log Surveys. WMNW/TRS-ES-VZMA-002, Waste M an-
agement Federal ServicesInc., Northwest Operations, Richland, Washington.

Raymond, J. R. 1962. A Well Water Temperature Logging System. HW-73994, General
Electric Company, Richland, Washington.

Raymond, J. R.,and V. L. McGhan. 1964. Scintillation Probe Results- 200 Area Waste
Disposal Site MonitoringWells. HW-84577, General Electric Company, Richland, Washing-
ton. ABSTRACT: Thisreport describesscintillation probe results from the 200 Areawaste dis-
posal site monitoring wells over the period of 1953 t0 1963. The 1953 and 1954 data were from
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scattered probings made during equipment development tests. General scintillationprobing of
essentially all 200 areamonitoring wells was donein 1958, 1959, and 1963.

Raymond, J. R. 1964. A Gamma Scintillation Well Probe System. HW-81972, General
Electric Company, Richland, Washington.

Raymond,J. R, and V. L. McGhan. 1992. History of Geophysical Well Logging on the
Hanford Site, unpublished letter report, Pacific Northwest L aboratory, Richland,
Washington.

Reeder,P. L., D. C. Stromswoldl,R. L. Bredzinski, J. H. Reeves, and W. E. Wilson. 1995,
Moisture Measurement for High-Level-Waste Tanks Using Copper Activation Probein Cone
Penetrometer. PNL -10837, PacificNorthwest L aboratory, Richland, Washington.

ABSTRACT: Laboratory tests have established the feasibility of using neutron activationof copper

asameansfor measuring the moisturein Hanford's high-level radioactive wastetanks. The
performance of the neutron activation techniqueto measure moistureis equivalent to the neutron
moisture gaugesor neutron logs commonly used in commercial well-logging. The principal
differenceisthat the activation of **Cu (t ,, = 12.7 h) replacesthe neutron countersused in

moi sture gauges or neutron logs. For applicationto highly radioactive waste tanks, the Cu activa-
tion technique hasthe advantagein that it isinsensitiveto very strong gammaradiationfields or
high temperatures. In addition, thistechnique can be deployed through tortuous pathsor in
confined spaces such as within the bore of a cone penetrometer. However, theresultsare not
availablein"red time." The copper probe's sensitivity to moisturewas measured using simulated
tank waste of known moisturecontent. This report describesthe preparation of the ssimulated waste
mixturesand the experiments performed to demonstratethe capabilitiesof the neutron activation
technique. These experimentsincluded determination of the calibration curve of count rate versus
moi sture content using a single copper probe, measurement of the calibration curve based on “near-
field" to “far-field” counting ratios using a multiple probe technique, and profiling the activity of
the copper probe as afunction of the vertical height within a simulated waste barrel.

Reeves,J. H.,R. J. Arthur, R. L. Brodzinske,and C. L. Shepard. 1995. Tube-ExcitedX Ray
Fluorescence Spectrometer for Usein Small-Diameter Boreholes. PNL-SA-23193, Pacific
Northwest Laboratory, Richland, Washington. ABSTRACT: A portable in situ x-ray fluores-
cence analytical system that usesan x-ray tube excitation source and a cooled Si(Li) spectrometer
for detecting characteristicemission x rays has been devel oped for usein smalldiameter wells and
boreholes. The 15-watt, iron-anode x-ray tube operatesupto 30 kV. Threewellsat the Sandia
Nationa Laboratory Chemical Waste Landfill, lined with 76 micronsthick polyethylene, were
logged specifically for Cr contamination. Detection limits below 50 ppM were achieved with
counting intervals of 600 secondsand with the Si(L1) detector operating at 450-eV resolution (full
width at half maximum (FWHM) for the Mn K-alphax ray).

Reidel, S. P., K. D. Reynolds,and D. G. Horton. 1998. Immobilized Low-Activity Waste Site
Borehole 299 E| 7-21. PNNL-11957, Pacific Northwest National L aboratory, Richland,
Washington.
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Rohay, V. J, and D. C. Weekes. 1998. Borehole Summary Report for the 216-B-2-2 Ditch.
BHI-01177, Bechtel Hanford, Inc., Richland, Washington. ABSTRACT: The purpose of this
borehole summary report isto providethe resultsof the drilling and sampling as a data package.
The 216-B-2-2 Ditch borehole data will be evaluated with other existing data during remedial
investigation/feasibility study (RI/FS) work plan development for the Gable M ountain Pond/
B-Pond and Ditches Cooling Water Group (200-CW-1). The document contains natural gamma,
spectral gamma, neutron moisture, and grossgammalogs.

Routson, R. C, W. H. Price, D. J. Brown, and K. R Fecht. 1979. High-Level Waste Leakage
fromthe 241-T-106 Tank at Hanford. RHO-ST-14, Rockwell Hanford Operations, Richland,
Washington.

Rust Geotech. 1995. Vadose Zone CharacterizationProject at the Hanford Tank Farms,
Fectral Gamma-Ray Borehole Geophysical Logging Characterizationand Baseline Monitoring
Plan for the Hanford Single-Shell Tanks. P-GJPO-1786for US Department of Energy,
Grand Junction Projects Office, Grand Junction, Colorado.

Rust Geotech. 1995. VadoseZone Characterization at the Hanford Tank Farms, High-
Resol ution Passive Spectral Gamma-Ray Logging Procedures. P-GJPO-1783, Rev. 1 for
US Department of Energy, Grand Junction Projects Office, Grand Junction, Colorado.

Rust Geotech. 1995. Vadose Zone Characterization Project at the Hanford Tank Farms,
Calibration of Two Spectral Gamma-Ray Logging Systemsfor Baseline Characterization
Measurementsin the Hanford Tank Farms. GJPO-HAN-1for US Department of Energy,
Grand Junction Projects Office, Grand Junction, Colorado.

Rust Geotech. 1996. Vadose Zone Characterization Project at the Hanford Tank Farms,
Biannual Recalibration of Two Spectral Gamma-Ray Logging Systems Used for Baseline
Characterization Measurementsin the Hanford Tank Farms. GJPO-HAN-3for US Depart-
ment of Energy, Grand Junction Projects Office, Grand Junction, Colorado.

Rust Geotech. 1996. Second Biannual Recalibration of Two Spectral Gamma-Ray Logging
Systems Used for Baseline Characterization Measurementsin the Hanford Tank Farms. GJPO-
HAN- 5 for US Department of Energy, Grand Junction Office, Grand Junction, Colorado.
ABSTRACT: The U.S. Department of Energy's (DOE) Grand Junction Project Office (GJPO) is
establisning an initial, or baseline, characterization of gamma-ray-emittingcontaminantsin the
subsurface of the Tank Farmsat the DOE Hanford Sitein Washington State. The baseline dataare
gathered by |ogging exi sting monitoring boreholeswith two high-resol ution passive spectral
gamma-ray logging systems (SGLSs), informally known as Gamma 1 and Gamma?2. The project
document, "'V adose Zone Monitoring Project a the Hanford Tank Farms, Spectral Gamma-Ray
Borehole Geophysical Logging Characterization and Baseline Monitoring Plan for the Hanford
Single-Shell Tanks," specifies that both systems must be recalibrated using the calibration standards
at the Hanford borehole logging calibration center every 6 months. DOE presents a description of
thefirst recalibrations.
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Schilk, A. J, R. W. Perkins, K. H. Abdl, and R. L. Brodzinski. 1993. Surface and Subsurface
Characterization of Uranium Contamination at the Fernald Environmental Management Site.
PNL-8617, Pacific Northwest L abor atory, Richland, Washington. ABSTRACT: Thepast
operationsof uranium production and support facilities at several Department of Energy (DOE)
sites have occasionally resulted in the local contamination of some surface and subsurfacesoils, and
the three-dimensional distribution of the uranium at these sitesmust be thoroughly characterized
beforeany effectiveremedia protocolscan be established. To thisend, Pacific Northwest Labora-
tory (PNL) has been tasked by the DOE’s Office of Technology Development with adapting, devel -
oping, and demonstrating technologies for the measurement of uraniumin surface and subsurface
soils at the Fernald Uranium in Soils|Integrated Demonstrationsite. Thesestudiesare detailed in
thisreport.

Schilk, A. J, R. W. Perkins, K. H. Abdl, R. L. Brodzinski, and Brown. 1993. Quantitative

I'n Situ Uranium Contaminant Mapping Using High-Resolution Gamma-Ray Spectrometryand
Beta Scintillation Counting. PNL-SA-23141, Pacific Northwest L abor atory, Richland, Wash-
ington. ABSTRACT: Traditional means of measuring radionuclideconcentrationsin soilsover
large areas are often time-consuming, cumbersome, expensive, and non-representative. In devel-
oping new methodsfor the real-time characterization of |arge-scal e uranium contamination, three
original and/or adapted technol ogieswere demonstrated at the Fernald Environmental Management
Project near Cincinnati, Ohio. The use of collimated downwell gammarray spectrometry, in situ
surface gammarray spectrometry,and anovel high-energy beta scintillation sensor represents
significantimprovementsover, and largely eliminates the need for, the collection of myriad soil
samples and subsequent |aboratory analyses. The resultsfrom apreliminary screening of two sites
within the Fernald facility are presented here, and future versions of the beta sensor and surface
gamma spectrometer are discussed in some detail.

Sheen, E M., W. L. Bunch,and M. R. Wood. 1964. Neutron Soil MoistureMonitor.
HW-82009, General Electric Company, Richland, Washington.

Singleton, K. M., and K. A. Lindsey. 1994. Groundwater | mpact Assessment Report for the
216-U-14 Ditch. WHC-EP-0698, W estinghouse Hanford Company, Richland, Washington.
ABSTRACT: AppendixH contains8 borehole surveys obtained with the spectral gamma-ray
logging truck in the vicinity of the U-14 ditch. The maximum detected activity from man-made
radionuclidesdid not exceed 5 pCi/g and the activity occurred near the ground surfacein all wells.
The appendix a so contains gross gammalogs from the same 8 boreholes.

Smith, R. M., D.J. Bates,and R. E. Lundgren. 1989. ResourceConservationand Recovery
Act Groundwater Monitoring Projectsfor Hanford Facilities: Progress Report, July 1-
September 30,1989. Volume 1. Text. Volume?2. Appendices. PNL-7222, Vols. 1 and 2, Pacific
Northwest Laboratory, Richland, Washington. ABSTRACT: ThisisVolumel of atwo-
volume document that describesthe progress of 14 Hanford Site groundwater monitoring projects
for the period July 1 to September 30, 1989. Thisvolume discussesthe projects; Volume2 pro-
videsas-built diagrams, completion/inspection reports, drilling logs, and geophysical logsfor wells
drilled, completed, or logged during thisperiod. Volume 2 can befound on microfichein the back
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pocket of Volumel. The work describedin thisdocument is conducted by the Pacific Northwest
Laboratory under the management of Westinghouse Hanford Company for the U.S. Department of
Energy. Concentrationsof groundwater constituentsare compared to federal drinking water stand-
ards throughout this document for reference purposes. All dnnlung water supplied from the
sampled aquifer meetsregul atory standardsfor drinking water quality.

Smith, R. M., D. J. Bates, and R. E. Lundgren. 1990. Resource Conservationand Recovery
Act Groundwater Monitoring Projectsfor Hanford Facilities: Progress Report, October |-
December 31,1989. Volume 2, Appendixes. PNL-7306 Vol. 2, Pacific Northwest L abor atory,
Richland, Washington. ABSTRACT: ThisVolume2 of atwo-volume set of documentsthat
describesthe progress of 15 Hanford Site groundwater monitoring projectsfor the period October 1
to December 31, 1989. Thisvolume provideswell completion informationto supplementinfor-
mation included in the previous quarterly report and as-built diagrams, well completion/inspection
reports, drillinglogs, and geophysical logs for wellsdnlled during this quarter near the single-shell
tanks.

Spear, W. G.,and M. O. Rankin. 1956. A Scintillation Well-Logging System. HW-39273,
General ElectricCompany, Richland, Washington.

Strait, S. R, and B. A. Moore. 1982. Geohydrology of the Rattlesnake Ridge Interbed in the
Gable Mountain Pond Area. RHO-ST-38, Rockwell Hanford Operations, Richland, Washing-
ton. ABSTRACT: Liquid wastedisposal practicesat the U.S. Department of Energy's Hanford
Site includethe dischargeof low-level radioactive liquid waste to cribs, trenches, and surface
ponds. A study was conducted to devel op a conceptual groundwater flow model and characterize
the current distribution of radionuclidesin the groundwater of the Rattlesnake Ridge interbed at one
of thesefacilities, the Gable Mountain Pond (facility 216-A-25). Specially constructed wellswere
drilledin the vicinity of Gable Mountain Pond to obtain radionuclidedistribution data and hydro-
logic propertiesof the aquifer. The acquired data were analyzed to determine concentrati onsof
anions, cations, selected radionuclides, and groundwater flow patterns. Geologic mechanisms,
which may be responsiblefor the determined concentration distribution, were evaluated using
borehole and subsurfacegeophysical techniques.

Stromswold, D. C. 1994. Calibration Facilitiesfor Berehole and Surface Environmental
Radiation Measurements. PNL -SA-23149, BattellePacific Northwest L abor atories, Richland,
Washington. ABSTRACT: Measuringradiation from contaminated soil and buildingsis
important in the cleanup of land areas and facilities. It providesthe meansfor quantifying the
amount of contaminationand assessing the success of effortsto restoreareas to acceptable
conditionsfor public use. Instrumentsthat measurein situ radiation from natural or
radiochemically contaminated earth formations must be calibrated in appropriatefacilitiesto
provide quantitative assessmentsof concentrationsof radionuclides. For instrumentsthat are
inserted into boreholes, these calibrationfacilitiesare typically specia models having holesfor
probeinsertionand having sufficient size to appear radiometrically "infinite" in extent. TheU.S.
Department of Energy (DOE) has such modelsat Hanford, Washington, and Grand Junction,
Colorado. They are concrete cylindershaving a central borehole and containing known, enhanced
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amountsof K, U, and Th for spectral gamma-ray measurements. Additional modelscontain U for
calibratingneutron probesfor fissile materialsand total-count gamma-ray probes. Modelsfor
calibratingneutron probesfor moisture measurementsin unsaturated formationsexist for steel-
cased boreholes at Hanford and for uncased boreholesat the DOE’s NevadaTest Site. Large
surface padsare availableat Grand Junction for portable, vehicle-mounted, or airplane-mounted
spectral gamma-ray detectors.

Stromswold, D. C. 1994. Calibration Facilitiesat Hanford for Gamma-Ray and Fission-
Neutron Well Logging. PNL-9958, Battelle Pacific Northwest L abor atories, Richland,
Washington. ABSTRACT: Well-logging toolsthat detect gammarays emitted from earth
formationsneed to be calibrated in appropriatefacilitiesto provide quantitative assessmentsof
concentrationsof radionuclidesbased on detected gammarays. Thesefacilitiesaretypically
special models having a holeto insert tool s and having sufficient physical sizeto ssmulateactual
earth formations containing known amounts of radionuclides. Thesize, generally 3to 5 feetin
diameter and 4 to 6 feet tall, is such that the source of radiation appearsinfinitein extent to a tool
detectingtheradiation insdethemodel. Such modelsexist at Hanford as concrete cylinders having
a central borehole and containing known, enhanced amountsof K, U, and Th. Datacollected in
thesemodelsallow calibrationof thelogging system to measure radionuclide concentrationsin
formationsaround boreholesin thefield. The accuracy of the calculated field concentrations
dependson the correctnessof theoriginal calibration, the statistical precision of the data, and the
similarity of the logging conditionsto the calibration conditions. Possible methodsfor analyzing
the data collected in the calibration facilitiesare presented for both spectral and total -count gamma-
ray systems. Correctionsaretypically needed for the effectsof stedl casing in boreholesand the
presenceof water rather than air in the holes. Data collected in the calibration modelswith various
steel casings and borehole fluids allow such correction factorsto be determined.

Stromswold, D. C. 1994. Technical Evaluation of Seftware for Gamma-Ray Logging System.
PNL -9807, Pacific Northwest L abor atory, Richland, Washington. ABSTRACT: Thisreport
containsresultsof a technical review of software, identified as LGCALC, that processes data col-
lected by high-resolution gamma-ray borehole logging system. The software presently operates
with Westinghouse Hanford Company, Department of Geosciences, to process data collected by the
Radionuclide Logging System. The software has been reviewed for its suitability for processing
datato be collected by new high-resolution gamma-ray logging trucksscheduled'to begin opera-
tional testswithin Westinghouse Tank Waste Remediation Systemsduring 1994.

Sweeney, M. D. 1993. Borehole Completion Report for the 200 Areas Treated Effluent Disposal
Basin - Project W-049H. WHC-SD-EN-DP-068, WestinghouseHanford Company, Richland,
Washington. ABSTRACT: Thisdata package containsgross gamma-ray logsfor three new wells.

Swanson, L. C. 1992. Berehole Completion Data Packagefor Grout Treatment Facility Well
299-E2539. WHC-SD-EN-DP-048, Westinghouse Hanford Company, Richland, Washington.
ABSTRACT: Thisreport containsagross gamma-ray log for the new well.
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Swanson, L. C. 1994. Borehole Completion Data Package, Grout Treatment Facility Wells
299-E25-49,299-E25-50, and 299-E25-1000. WHC-SD-EN-DP-085, WestinghouseHanford
Company, Richland, Washington. ABSTRACT: Thisreport containsspectral gamma-ray and
gross gamma-ray logsfor the new wells.

Szwartz, G. J. 1996. Spectral Gamma-Ray L ogging Report for the 216-B-57 Crib Ground-
water Impact Assessment. WHC-SD-EN-TI-257, Rev. 0, Westinghouse Hanford Company,
Richland, Washington.

Szwartz, G. J. 1996. Spectral Gamma-Ray L oggingReport for the Sx New Char acterization
Boreholesin the 100-FR-1Operable Unit. WHC-SD-EN-TI1-258, Rev. 0, Westinghouse
Hanford Company, Richland, Washington.

Tedl,S.S,R.E. Lewis M. A. Chamness,D. C. Lanigan, V. L. McGhan, and R. J. Brockman.
1992. B-Plant Aggregate Area Management Study Geologic Data Package. WHC-SD-EN-TI-
026, WestinghouseHanford Company, Richland, Washington. ABSTRACT: This data pack-
ageincludesall of the geologic and geophysical information requested by the Westinghouse
Hanford Company for the B-Plant Aggregate Area. Thisinformationincludesalistingof al of the
boreholeswithin thisaggregate area as defined by the Westinghouse Hanford Company and
amended by the Pacific Northwest Laboratory. Geophysical data (Table 1) includesthe type of log,
date, and interval logged for each of the abovewells, aswell asthelocation where these dataare
stored. Table 2 includesthe typesof geologic data availablefor each of these wells(i.e., driller's
log, geologist’s log) and any other related data (sieve, CaCO; content, moisture content, and chemi-
cal analyses). Table 3 providesasummary of thewell constructioninformation for each well
including drill depth, completion depth, screened interval, and coordinates.

Tillson, D. D., and V. L. McGhan. 1969. Changesin Scintillation Probe Findings - 1963to
1968,200 Area Waste Disposal Site MonitoringWells. BNWL-CC-2255, Pacific Northwest
Laboratory, Richland, Washington. ABSTRACT: Thisreport providesa semiquantitative
evaluation of the magnitudeand extent of subsurface contamination beneath and adjacent to
facilitiesfor ground disposal of liquid radioactivewastes. Also, thisstudy provided additional
information on downward migration rates of radiocontaminantsin the subsoilsat disposal facilities
that have been out of servicefor along time.

U.S. Department of Energy. 1996. Vadose Zone Characterization Project at the Hanford Tank
Farms. SX Tank Farm Report. GJPO-HAN-4, U.S. Department of Energy, Grand Junction
Office, Grand Junction, Colorado. ABSTRACT: The SX Tank Farmislocated in the southwest
portion of the 200 West Areaof the Hanford Site. Thistank farm consistsof 15 single-shell tanks
(8STs), each with an individua capacity of 1 million gallons(gal). Thesetanks currently store
high-level nuclear waste that was primarily generated from what was called the oxidation-reduction
or “ REDOX” processat the S-Plant facility. Ten of the 15 tanks arelisted in Hanlon as" assumed
leakers” and are known to have leaked variousamountsof high-level radioactiveliquid to the
vadosezone sediment. The current liquid content of each tank varies, but the liquid from known
leaking tanks has been removed to the extent possible. In 1994, the U.S. Department of Energy
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Richland Office (DOE-RL) requested the DOE Grand Junction Projects Office (GJPO), Grand

Junction, Colorado, to perform abaseline characterization of contamination in the vadose zone at |
all the SST farmswith spectral gammarray logging of boreholes surrounding the tanks. The SX |
Tank Farm geophysical |ogging was completed and the results of thisbaseline characterization are |
presented in thisreport. |

US Department of Energy. 1994. Limited Field I nvestigation Report for the 100-HR-3
OperableUnit. DOE/RL-93-43, Richland Oper ationsOffice, Richland, Washington.
ABSTRACT: Thislimitedfield investigation (LFl) was conducted to assess the applicability of
interim remedia measures (IRM) for reducing human health and environmental risks within the |
100-HR-3 Groundwater Operable Unit. The 100-HR-3 Operable Unit comprisesthree subaress; the |
100 D Area, the100 H Area, and those portions of the 600 Area between the two reactor areas. The |
operableunit isone of seven operable units associated with the 100 D and H Areas. Operable units
100-DR-1,100-DR-2,100-DR-3, 100-HR-1, 100-HR-2, and 100-1U-4 address contaminant sources

while 100-HR-3 addresses contamination present in the underlying groundwater. The primary

method of field investigation used during this LFI was theinstallation and sampling of monitoring

wells. Sampleswere collected from the groundwater and soilsand submitted for laboratory ana-

lysis. Boreholeswere surveyed for radiol ogical contamination using downhole geophysical tech-

niquesto further delineatethe locationsand levels of contaminants. All samples were screened to

ascertainthe presence of volatile organic compoundsand radionuclides. Analytical datawere

subjected to validation; all of round one, two, and three, and a minimum of 10% of round four data

associated with the LFI were validated. A screening method was used to identify contaminants of

potential concern (COPC). This screening method eliminated constituentsthat were below back-

ground levelsfrom further consideration. Constituentsthat are considered non-toxic to humans

were eliminated from the human health evaluation. Dataconsistency and blank contamination were

also evaluated in the screening process. The COPC was then evaluated further in the qualitative

risk assessment (QRA). A human health QRA was performed using conservative (maximum

equilibrated contaminant levels from the LFl) analyses.

US Department of Energy. 1994. Limited Field | nvestigation Report for the 100 CR-4
OperableUnit. DOE/RL-93-79, Richland Oper ationsOffice, Richland, Washington.
ABSTRACT: Thislimited field investigation (LFl) was conducted to optimizethe use of interim
remedial measures(IRM) for expediting cleanup while maintaining a technically sound and cost-
effectiveprogram. The 100-KR-4 OperableUnit is one of four operableunits associated with the
100K Area. Operableunits KR 1, KR-2, and KR-3 address contaminant sources while 100-KR-4
addresses contamination present in the underlyinggroundwater. The IRM decision processfor
groundwater operable unitsis based on three aspects. 1) Isthe concentrationgreater than Hanford
background? 2) Doesthe concentration present amediumor high human-health risk?and 3) Does
the concentration exceed an ecologically based applicable, relevant, and appropriaterequirements
(ARAR) or present an environmental hazard quotient? The primary methods of investigation used
during this LFI were theinstallationof monitoringwells and sampling of groundwater. The sam-
ples collected from the groundwater and soils were submitted for |aboratory analysis. Boreholes
were surveyed for radiological contamination using downhole geophysical techniquesto further
delineatethe |ocation and degree of contamination. All soil sampleswere screened to ascertain the
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presence of volatile organic compoundsand radionuclides. Analytical datawere subjected to
validation; dl first round and aminimum of 10% of subsequent round data were validated.

U.S. Department of Energy. 1994. Limited Field I nvestigation Report for the 100-BC-5
Operable Unit. DOE/RL-93-37, Richland Oper ations Office, Richland, Washington.
ABSTRACT: Thislimited field investigation (L FI) was conducted to assessthe applicability of
interim remedia measures(IRM) for reducing human health and environmental risks within the
100-BC-5 Groundwater Operable Unit. The 100-BC-5 Operable Unitisone of three operable units
associated with the 100 B/C Area. Operable units 1 and 2 address contaminant sourceswhile
100-BC-5 addresses contaminationpresent in the underlying groundwater. The primary method of
investigation used during this LFI was theinstallationof monitoringwells. Sampleswere collected
from the groundwater and soils submitted for |aboratory analysis. Boreholeswere surveyed for
radiological contamination using downhole geophysical techniques to further delineatethe loca-
tionsand levelsof contaminants. All samples were screened to ascertainthe presenceof volatile
organic compounds and radionuclides. Analytical dataweresubjectedto validation; al first round
and 10% of the subsequent rounds of data associated with the LFI were validated. The screening
method was used to identify contaminantsof potential concern (COPC). This screening method
eliminated from further consideration constituentsthat were below background. Constituents
considered nontoxicto humanswere eliminated from the human healthevaluation. Inconsistency
and blank contamination were also evaluated in the screening process. These COPCs were evalu-
ated further in the qualitativerisk assessment (QRA). Tritiumand strontium-90wereidentified as
contaminantsof concern at 100-BC-5 because the concentrations exceeded potential applicable or
relevant and appropriaterequirements. The QRA determined that therisk islow for all of thesite
contaminants.

U.S. Department of Energy. 1996. Biannual Recalibration of Two Spectral Gamma-Ray
Logging SystemsUsed for BaselineCharacterization Measurementsin the Hanford Tank
Farms. VadoseZone Characterization Project at the Hanford Tank Farms. GJPO-HAN-3,
U.S. Department of Energy, Grand Junction Office, Grand Junction, Colorado. ABSTRACT:
The U.S. Department of Energy's (DOE’s) Grand Junction Project Office (GJPO) isengaged in
establishingan initial, or baseline, characterization of the gamma-ray-emitting contaminantsin the
subsurfaceof the Tank Farmsat the DOE Hanford Site in Washington State. These baseline data
are gathered by logging existing monitoring borehol eswith two high-resolution passive gamma-ray
logging systemsinformally known as Gamma 1 and Gamma 2. Calibration of the logging systems
iscrucia to the assuranceof dataquality. The project document Spectral Gamma-Ray borehole
Geophysical Logging Characterization and Baseline Monitoring Plan for the Hanford Single-Shell
Tanks (DOE 1995a) specifiesthat theinitial, or base, calibration of both systems must be per-
formed before commencement of field measurementsat Hanford and that both systemsmust be
recalibrated every 6 months, thereafter, using the calibration standardsat the Hanford borehole
logging calibration center. Data collectionfor the base calibrations was completedin April 1995;
theresultswere published in Calibration of Two Spectral Gamma-Ray Logging Systemsfor
Baseline Characterization M easurementsin the Hanford Tank Farms(DOE 1995b). Thisreport
documentsthe first recalibration of the two systemsthat was performed in October 1995 at the
Hanford Site. Analysesof data collected during the recalibrations are presented.
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U.S. Department of Energy. 1996. Vadose Zone Characterization Project at the Hanford Tank
Farms, SX Tank Farm Report. DOE/ID/12584-268, GJPO-HAN-4, U.S. Department of
Energy, Albuquer que OperationsOffice and Grand Junction Office for Richland Oper ations
Office, Richland, Washington.

U.S. Department of Energy. 1997. Vadose Zone Characterization Project at the Hanford Tank
Farms: BY Tank Farm Report. GJO-96-2-TAR, GJO-HAN-6, U.S. Department of Energy,
Grand Junction Office, Grand Junction, Colorado. ABSTRACT: The U.S. Department of
Energy Grand Junction Office (GJO) was tasked by the DOE Richland Operations Office (DOE-
RL) to perform a baseline characterization of the contaminationdistributedin the vadose zone
sediment beneath and around the single-shell tanks (SSTs) at the Hanford Site. Theintent of this
characterization is to determine the nature and extent of the contamination, identify contamination
sources, and develop a baseline of the contaminationdistributionthat will permit future data com-
parisons. This characterization work also allowsan initial assessment of the impacts of the vadose
zone contamination as required by the Resource Conservationand Recovery Act (RCRA). This
characterizationproject involves acquiringinformation about the vadose zone contaminationwith
borehole geophysical |ogging methods and documenting that information in a seriesof reports.
Data from borehol es surrounding each tank are compiled into individual Tank Summary Data
Reports. The datafrom each tank farm is then compiled and summarizedin aTank Farm Report.
Thisdocument isthe Tank Farm Report for the BY Tank Farm.

U.S. Department of Energy. 1997. Vadose Zone Characterization Project at the Hanford Tank
Farms. U Tank Farm Report. GJO-97-1-TAR, GJO-HAN-8, U.S. Department of Ener gy,
Grand Junction Office, Colorado. ABSTRACT: TheU.S. Department of Energy Grand Junction
Office (DOE-GJO) was tasked by the DOE Richland Operations Office (DOE-RL) to performa
baseline characterization of the gamma-ray-emitting radionuclidesthat are distributed in the vadose
zone sediments beneath and around the single-shell t anks (SSTs) at the Hanford Site. The intent of
this characterizationis to determinethe nature and extent of the contamination,identify contamina-
tion sourceswhen possible, and develop a baselineof the contamination distribution that will

permit future datacomparisons. Thischaracterizationwork also alowsan initia assessment of the
impactsof the vadose zone contamination as required by the Resource Conservation and Recovery
Act (RCRA). Thischaracterization project involvesacquiringinformationregarding vadose zone
contamination with borehole geophysical logging methods and documentingthat informationin
aseriesof reports. Thisinformationis presently limited to detection of gagmma-emittingradio-
nuclidesfrom both natural and man-made sources. Datafrom boreholessurrounding each tank are
compiledinto individual Tank Summary DataReports. The datafrom each tank in atank farmis
then compiled and summarized in a Tank Farm Report. This document isthe Tank Farm Report for
the U Tank Farm. Logging operations used high-purity germanium detection systemsto acquire
laboratory-quality assays of the gamma-emittingradionuclidesin the sedimentsaround and bel ow
thetanks. These assayswere acquiredin 59 boreholesthat surround the U Tank Farm tanks.
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U.S. Department of Energy. 1998. Hanford Tank Farms Vadose Zone, TX Tank Farm Report.
GJO-97-13-TAR, GJO-HAN-11, U.S. Department of Energy, Albuquerque Operations Office
and Grand Junction Officefor Richland Operations Office, Richland, Washington.
ABSTRACT: Containsbasdline spectral gammalog data for the 241-TX tank farm.

U.S. Department of Energy. 1998. Hanford Tank FarmsVadoseZone, AX Tank Farm Report.
GJO-97-14-TAR, GJO-HAN-12,U.S. Department of Energy, Albuquerque Operations Office
and Grand Junction Officefor Richland Operations Office, Richland, Washington.
ABSTRACT: Containsbaseline spectral gammalog data for the 241-AX tank farm.

U.S. Department of Energy. 1998. Hanford Tank FarmsVadose Zone, TY Tank Farm Report.
GJO-97-30-TAR, GJO-HAN-16, U.S. Department of Energy, Albuquerque Operations Office
and Grand Junction Officefor Richland Operations Office, Richland, Washington.
ABSTRACT: Containsbasdline spectral gammalog datafor the 241-TY tank farm.

U.S. Department of Energy. 1998. Hanford Tank FarmsVadoseZone, § Tank Farm Report.
GJO-97-31-TAR, GJO-HAN-17, U.S. Department of Energy, Albuquerque Operations Office
and Grand Junction Officefor Richland Operations Office, Richland, Washington.
ABSTRACT: Containsbasdline spectral gammalog data for the 241-Stank farm.

U.S. Department of Energy. 1998. Hanford Tank Farms Vadose Zone, C Tank Farm Report.
GJO-98-39-TAR, GJO-HAN-18, U.S. Department of Energy, Albuquerque Operations Office
and Grand Junction Officefor Richland Operations Office, Richland, Washington.
ABSTRACT: Containsbasdline spectral gammalog data for the 241-C tank farm.

U.S. Department of Energy. 1998. Hanford Tank Farms Vadose Zone,-BX Tank Farm Report.
GJO-98-40-TAR, GIO-HAN-19, U.S. Department of Energy, Albuquerque Operations Office
and Grand Junction Officefor Richland Operations Office, Richland, Washington.
ABSTRACT: Containsbasdline spectral gamma log datafor the 241-BX tank farm.

U.S. Department of Energy. 1999. Vadose Zone Characterization Project at the Hanford Tank
Farms, A Tank Farm Report. GJO-98-& TAR, GJO-HAN-23, U.S. Department of Energy,
Albuquerque Operations Office and Grand Junction Officefor Richland Operations Office,
Richland, Washington. ABSTRACT: Contains baseline spectral gammalog data for the 241-A
tank farm.

U.S. Department of Energy. 1999. Vadose Zone Characterization Project at the Hanford Tank
Farms, T Tank Farm Report. GJO-99-101-TAR, GJO-HAN-27, U.S. Department of Energy,
Albuquerque Operations Officeand Grand Junction Officefor Richland Operations Office,
Richland, Washington. ABSTRACT: Contains baseline spectral gammalog datafor the 241-T
tank farm.
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Van Luik, A. E, and R. M. Smith. 1982. 216-S-1 and S-2 Mixed Fission Product Crib
Characterization Study. RHO-ST-39, Rockwell Hanford Operations, Richland, Washington.
ABSTRACT: Borehole scintillation and gamma spectroscopy data are given in thisreport.

Waste'Management Federal Services. 1998. Operational Environmental Monitoring.
WMNW-CM-004, \Waste Management Federal Services, Northwest Operations, Inc.,
Richland, Washington.

Webster, G. D, and J W. Crosby. 1982. Stratigraphic Investigation of the Skagit/Hanford
Nuclear Project, Sagit/Hanford Nuclear Project-Preliminary Safety AnalysisReport, Vd. 6
and 6, Appendix 2R, Puget Sound Power and Light, Seattle, Washington.

Wesekes, D. C, K. A. Lindsey, B. H. Ford, and G. K. Jaeger. 1996. Preoperational Basdline
and Site Characterization Report for the Environmental Restoration Disposal Facility. Volume
2, Revision 2, BHI-00272, Bechtel Hanford, Inc., Richland, Washington. ABSTRACT: This
document isVolume 2 in atwo-volumeseries that comprisesthe site characterizationreport, the
Preoperational Baseline and Site CharacterizationReport for the Environmental Restoration
Disposal Facility. Volume 1 containsdatainterpretationand information supporting the conclu-
sionsin themain text. Thisdocument presentsoriginal datain support of Volume 1 of thereport.
Thefollowing types of data are presented: well construction reports; borehole |0gs; borehole
geophysical data; well development and pump installation; survey reports; preoperational baseline
chemical data, and aquifer test data. Five groundwater monitoringwells, six deep characterization
boreholes, and two shallow characterization boreholeswere drilled at the Environmental Restora-
tion Disposal Facility (ERDF) siteto directly investigatesite-specific hydrogeol ogicconditions.

Westinghouse Hanford Company (WHC). 1996. Environmental Investigations and Site
Characterization, Section11.1, Geophysical Logging. WHC-CM-7-7, WestinghouseHanford
Company, Richland, Washington.

Westinghouse Hanford Company (WHC). Spectral Gamma-Ray Logging for the 100-NArea,
Hanford, Washington. WHC-SD-EN-TI-261, Westinghouse Hanford Company, Richland,
Washington. ABSTRACT: Theobjectiveof this effort wasto delineate the vertical distribution
and concentration of anthropogenic radionuclidesin the subsurface surrounding nine boreholesin
the 100-N Area availablefor geophysical logging with the RadionuclideLogging System (RLS).
Cesium was defined in eight boreholesand the ninth hole was found to not contain any such
radionuclides.

Williams, B. A. 1992. Borehole Completion DataPackage for DOE 216-S-10 Facility, CY 1991.
WHC-SD-EN-DP-045, WestinghouseHanford Company, Richland, Washington.
ABSTRACT: Thisreport contains gross gammearray logs for three new wells.

Williams, B. A, and. D. B. Barnett. 1993. Borehole Completion Data Packagefor the 216-S-10
Facility, CY-1992. WHC-SD-EN-DP-052, Westinghouse Hanford Company, Richland,
Washington.
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Williams, B. A. 1994. Borehole Data Packagefor the 100-K Area Groundwater Wells, CY 1994,
WHC-SD-EN-DP-090,W estinghouseHanfor d Company, Richland, Washington.
ABSTRACT: Borehole, hydrogeologic and geophysical logs, drilling, as-built diagrams, sampling,
and well constructioninformation and data for RCRA -compliant groundwater monitoring wells
installed in CY 1994 at the 100-K Basins.

\\PNLATLAS\GeoData\Lg-Archv. ABSTRACT: Thisisthe addressof an unpublishedlibrary of
all available spectra gamma-ray and neutron moisturelogs acquired by the Radionuclide Logging
system sincetheearly 1990s. The library ismaintained by Waste Management Federal Services,
Northwest Operationson a Pacific Northwest National Laboratory file server.

\SACS\CASS. ABSTRACT: Thisisthe addressof an unpublishedlibrary of available gross
gamma-ray logs acquired from single-shell tank farms.

http://www.doegj po.com. ABSTRACT: Thisisthe home page for the Department of Energy's

Grand Junction ProjectsOffice. All spectral gammarray |ogs acquired for single-shell tank farm
characterization can be accessed through thisinternet site.

C.39



PNNL-13149

Distribution
No. of No. of
Copies Copies
OFFSITE CharlesR. Carrigan

Sunnie A. Aburime

Clark AtlantaUniversity
Department of Engineering
223 JamesP. Brawley Dr.
P.O. Box 808

Atlanta, GA 30314

James N. Albright

Los AlamosNationa Laboratory
GeoEngineering Group

MSIN D443

Los Alamos, NM 87544

Patricia Ann Berge

Lawrence Livennore Nationa Laboratory
7000 East Avenue, L-201

Livermore, CA 94550

David L. Bish

L os AlamosNational Laboratory
M S D469

Los Alamos, NM 87545

JamesR. Brainard

Sandia National Laboratories
MS Q0735

P.O. Box 5800

Albuquerque, NM 87185

Wesley L. Bratton

Applied Research Associates, Inc.
3250 Port of Benton Blvd.
Richland, WA 99352

Distr.1

LawrenceLivermore National Laboratory
L-204

Flow & Transport Group

P.O. Box 808

Livermore, CA 94550

Peter M. Castle

|daho National Engineering and
Environmental Laboratory (BBWXTI)

P.O. Box 1625, MSIN 2208

ldaho Falls, ID 83415

William P. Clement

Boise State University / CGISS
MG206

1910 University Drive

Boise, ID 83725-1536

Michael P. Connelly
HydroGeologic, Inc.
3250 Port of Benton Blvd.
Richland, WA 99352

William D. Daily
LawrenceLivermoreNational Laboratory
L-130

Livermore, CA 94550

Donald J. DePaolo

LawrenceBerkeley National Laboratory
Department of Earth and Planetary Sciences
MS4767

1 Cyclotron Road

Berkeley, CA 94720-4767



No. of
Copies

Dirk Dunning

Oregon Office of Energy
625 Mariona St. N.E.
Salem, OR 97301-3742

Eric Dydand

WPI

3250 Port of Benton Blvd.
Richland, WA 99352

Boris Faybishenko

Lawrence Berkeley National Laboratory
Earth Sciences Division

One Cyclotron Road

MS90-1116

Berkeley, CA 94720

JamesB. Fink
HydroGEOPHYSICS, Inc.
5865 South Old Spanish Trail
Tucson, AZ 85747

Judit German-Heins
Nez Perce Tribe, ERWM
P.O. Box 365

Lapwai, ID 83450

Masoud Ghodrati

University of California-Berkeley
Ecosystem Sciences Division

151 Hilgard Hall

Berkeley, CA 94720-3110

Molly M. Gribb

University of South Carolina

Department of Civil and Environmental
Engineering

300 Main Street

ColumbiaSC 29208

PNNL-13149

No. of
Copies

Distr.2

Michael Hoversten

Lawrence Berkeley National Laboratory
One Cyclotron Road

MSIN 90-1116

Berkeley, CA 94720

JamesD. Irving

University of British Columbia
129 - 2219 Main Mall
Vancouver,BC

Canada V6T1Z4

Rosemary J. Knight

University of British Columbia
2219 MainMall
Vancouver,BC

Canada V6T 124

B. SueLantz

U.S. Department of Energy-ID
850 Energy Drive
EMSP-MS 1225

Idaho Falls, ID 83401

Richard E. Lewis

Schlumberger HydroGeological
Technologies

6090 Greenwood PlazaBlvd.

Englewood, CO 80111

Peter C. Lichter

Los AlamosNational Laboratory

Environmental Sciences Division (EES-5)
MS F-649

Los Alamos, NM 87545



No. of
Copies

Stephen H. Lieberman

Spaceand Nava Warfare SystemsCenter,
San Diego

Environmental SciencesDivision, D361

53475 Strothe Road

San Diego, CA 92152

Kevin A. Lindsey

Daniel B. Stephens & Associates, Inc.
Geoscientists, Hydrologists, and Engineers
719 Jadwin Ave,, #28

Richland, WA 99352

Ernest L. Majer

Lawrence Berkeley National Laboratory
1 CyclotronRoad (MS 90-116
Berkeley, CA 94720

Earl D. Mattson

Idaho Nationa Engineering and
Environmental L aboratory

P.O. Box 1625

2251 N. Boulevard

ldahoFalls, ID 83415-2107

Stephen M. J. Moysey
University of British Columbia
6339 Stores Road

Vancouver, British Columbia
Canada V6T 174

Dolly A. McElroy

WPI

3250 Port of Benton Blvd.
Richland, WA 99352

BruceMcNamara

U.S. Department of Energy-HQ
Richland Operations

19901 Germantown Road
Germantown, MD 20874-1290

PNNL-13149

No. of
Copies

Distr.3

Brent D. Newman

Los Alamos National L aboratory
Environmental Science Group
MSJ495, LANL

Los Alamos, NM 87545

Gregory A. Newman
SandiaNational Laboratories
P.O. Box 5800

MS-0750

Albuquerque, NM 87185-0750

Karsten Pruess

Lawrence Berkeley National Laboratory

Sr. Scientist, Earth SciencesDivision,
MS90-1116

One Cyclotron Road

Berkeley, CA 94720

Wade Riggsbee
Yakima Nation

1933 Jadwin
Richland, WA 99352

Michael Ritzwoller

University of Colorado
CampusBox 390

2000 Colorado Ave.

Duane Physics Building, Rm. F725
Boulder, CO 80309

Garland C. Roberston
Alabama A&M University
P.O. Box 1208

Nomal, AL 35762

John Seaman

Savannah River Ecology Lab
Drawer E

Aiken, SC 29802



No. of
Copies

James B. Sisson

Idaho National Engineering and
Environmental Laboratory, BBWI
P.O. Box 1625, MS-2107
IdahoFalls, ID 83415-2107

Everett P. Springer

Los AlamosNational Laboratory
Environmental Science Croup
MSJ495

LosAlamos, NM 87545

Carl I. Steefel

Lawrence LivermoreNational Laboratory

L-204
P.O. Box 808
Livermore, CA 94551

John Ullo
Schlumberger-Doll Research
Old Quarry Road

Ridgefield, CT 06877

Peter Weichrnan

Blackhawk Geometrics

301 Commercial Road, Suite B
Golden, CO 80401

John L. Wilson

New Mexico Institute of Mining and
Technology

Department of Earth & Environmental
Science

New Mexico Institute of Mining

Socorro, NM 87801

Ivana Witt

Yakima Nation

1933 Jadwin
Richland, WA 99352

No. of
Copies

T.C.JmYeh

University of Arizona

Department of Hydrology and Water
Resources

The University of Arizona, Bldg. 11

Tucson, AZ 85721

Dongxiao Zhang

Los AlamosNational Laboratory
Environmental Science Group
MS C306

LosAlamos,NM 87545

ONSITE

2 DOE Officeof River Protection

DistrA

CA Babe
RM Yasek

DOE Richland Oper ations Office

BL Foley

JP Hanson

RD Hildebrand
DE Olson

D Tano

KM Thompson

Bechtel Hanford Inc.

RL Biggerstaff
AG Dada

KR Fecht

BH Ford

MJ Graham
GB Mitchem
SW Petersen
T™M Wintzcak

PNNL-13149

H6-60
H6-60

P7-62
K8-50
A5-13
A5-13
A7-75
A5-13

H0-02
HO0-02
HO0-02
HO0-19
H0-09
HO0-21
HO0-02
HO0-21



No. of
Copies

10 CH2M Hill Hanford Group

3

51

KA Bergstrom(2) H9-02
AJ Knepp HO0-22
WJMcMahon H9-03
TH Mitchell (2) H9-02
VJRohay (2) HO-19
L C Swanson H9-02
CD Wittreich H9-03

Flour Federal Services.,

EJ Freeman B4-43
R Khaledl B4-43
FM Mann H-022

I T Corporation

DA Myers HO-22
MACTER-ERS

JF Bertsch B1-42
RG McCain B1-42

Waste Management Technical Services

MG Gardner Hi1-11
JE Meisner Hi1-11
RX Price H1-11

PacificNorthwest National L aboratory

WF Bonner K9-14
A Chilakapati K9-36

Distr.5

No. of
Copies

MJ Fayer

MD Freshley
AP Ganierdinger
GW Gee(2)
TJGilmore
DG Horton (5)
SJKowall

GV Last (5)
WM Lechelt
RJ Lenhard
PE Long
WJMartin
GW McNair
PD Meyer

PM Molton
CJMurray

SM Narbutovskih
S Orr

SP Reidel

AC Rohay
GA Sandness
KP Saripalli
RJ Seme

MD Sweeney
MJ Truex

AL Ward

M White

BA Williams
MD Williams
SB Y abusaki
PD Yamada
AK Yonk

IM Zachara
Information Release Office (7)

PNNL-13149

K9-33
HO-21
K6-81
K9-33
K6-81
K6-81
K6-96
K6-81
K2-31
K9-33
K9-33
K3-54
HO21

BPO
K8-03
K6-81
K6-96
K9-33
K6-81
K6-81
K5-25
K6-81
K6-81
K6-81
K2-10
K9-33
K9-36
K6-81
K9-36
K9-36
HO-21
K8-12
K8-96
K1-06





