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Summary

As part of the data quality objective (DQO) process, a need was identified for increased monitoring
capability and subsurface characterization at the 618-10 burial ground, part of the 300-FF-5 Operable
Unit, a groundwater operable unit that includes the 300 Area and groundwater underlying the 618-10 and
618-11 burial grounds. One outcome of the DQO process was a requirement to install two groundwater
monitoring wells in the immediate vicinity of the 618-10 burial ground. The purpose of these wells is to
monitor the impact, if any, that potential releases from the burial ground may have on current ground-
water conditions.

A soil-gas survey was conducted to help determine the optimal locations for these two wells. Results
of the soil-gas survey indicated that tritium levels are probably similar to the levels found in the regional
tritium groundwater plume; therefore, the well locations were equally spaced to provide the best
coverage downgradient of the burial ground. The wells (699-S6-E4K and 699-S6-E4L) were installed in
February and March 2003. The wells were constructed to the specifications and requirements of WAC
173-160. During drilling and construction of the new wells, sampling was conducted to screen for
radiological contaminants in the vadose zone and to develop a preliminary hydrogeologic model for the
area.

This report describes the results of the soil-gas survey and provides the details of the installation of
the two new groundwater monitoring wells at the 618-10 burial ground.

iii



Contents

SUMITIATY ...ttt et e e et e et e e sttt e estaeeebeeesbaeessseassseeesssaeasseeessseasssaeasssaessseeansssenssessnsseensses 1ii
1.0 INtrOQUCTION .. .eoiiiiiiiiccitctete ettt ettt sttt bttt et na e st e st sbeesee bt saeenee 1
L1 SOI-GAS SUIVEY ...vviiiiieiii ettt stte ettt et e teesteestaeetbeeaveesbeesbeeseesssesesessseesseessensses 1
1.2 New Groundwater Monitoring WellS..........ccoccveiiiiiiiieiie e 1
1.3 Historical INfOrmation ........c.ccceeiririiniiniiieieieieeet et 3
2.0 WEIL 699-SO-EAK .....coooiiiiiiiiiiieiee ettt sttt 4
2.1 Drilling and SAMPIING ......c.ccoviiviiiiiiiiieie ettt ettt e ste e e eveesreesteestaeeabeebeesveesbeessseens 4
2.2 WEell COMPIETION ...uviiiiiieiiieiiie ettt ettt et r e e et e e be e s e e e tbeessseeessaeessseeensaeenes 4
2.3 Well Development and Pump Installation.............cccocveiiieiieniienienee e 5
3.0 WEIL 699-SO-EAL .......oouiiiiriiiiiieieteteee sttt sttt 6
3.1  Drilling and SAMPUNG .......ccoieviieiiiiiiiiieciee ettt et eve e ve e ae b e eabeebeeres 6
3.2 WEll COMPLEION ...oeiiiiiieiiiiciiie ettt ettt e et e e stb e e e tee e tbeeesbeeesseessseeessaaensns 6
3.3  Well Development and Pump Installation............cccccvveiieiiiiiieiieeieeciiecieciecve e 7
4.0 Sampling and Analysis During DIilling..........ccccceiviiiiiiiiiiieiiesie et 7
4.1 FIeld SCTEEMING.....cuviiiuiiiiiiiecieeetie ettt et e ettt e eteeeteeeebeeebeeestbeessraeessseessseesssaeessseessseeanes 7
4.2 Borehole SAMPIINE ......ccoeeviiiviiiiiieeiieiie ettt et ve e ste e s taeeabeebeesbeesbeebaeens 7
5.0 GeophySiCal LOZZING .....cccuiiiiiiiiiiiieciiicie ettt et etteeteeveete e te e taestbeeebeesveesbessseessaessnessseens 8
6.0 Subsurface Characterization RESUILS .........ccceeeeviiririiininieicnnceceeeeeee e 9
6.1  PhySiCal PrOPEItIES ....ccviiiiiiieiieiieeiiectiecit ettt ettt e st eeteeeaveebeebeebe e taesaaesebeesseenveeares 9
6.2 GeophySICAl LOZZING......ccuiiiiieiieiieiiieciiecie ettt eteesteeetaeetveebeebeebe e aeestaeseveesseesreensens 9



7.0 SOIl-Gas INVESHIZALION......c.eecuiereierieriieieeieesieesteeseestesreesbeeseesseesssessseesseessaessaessassssessenns

7.1  Soil-Gas Sampling and ANalySiS..........cceeeeerierieriieniesie et eseesee e e
7.2 HeliUm ISOtOPES....cccieiieeiieiieiieterte ettt et e st e st e sebeesbe e e essaesseesssesnseenseensens
7.3 Volatile Organic COmMPOUNAS.........cccueriireiieriieriienienieereeieeteesieeseessresesesnseeseensees
7.4 Discussion of Soil-Gas ReSults .........ccoceviriiiiiiniiinieeeeeeeee e
B0 REIETEICES ... eeueetieiieie ettt et b e et b et sttt et bt et e b et enee
Appendix A — Well Construction and Completion Documentation............ccccceceeveeneeceenenenee.
Appendix B — Geologic Descriptions and Sieve Data..........cccceevvereiieciieciieiieniesienee e
Appendix C — Borehole Geophysical LOgS ......cccvveviriiiriieriienieiieeie et
Appendix D — Vadose Zone Soil-Gas Survey Sample Collection Parameters.............cccc........
Figures
Photo Showing General Conditions at Drill Sites ........c.ccccceeviiiriiiiiiiecie e

Map of 618-10 Burial Ground showing Locations of Wells in the Groundwater
Monitoring Network and Soil-Gas Probes in the Vadose Zone ...........ccccceeeevvevveeeneeennne.

Stratigraphic Interpretation for Well 699-S6-E4K near the 618-10 Burial Ground...........

Stratigraphic Interpretation for Well 699-S6-E4L near the 618-10 Burial Ground...........

Tables

Survey Data for Wells 699-S6-E4K and 699-S6-E4L ..........cccccooviiviiiieiieiiecieeeee e
Moisture Analysis Results for Well 699-S6-E4L ...........ccccoveeiiiiiiiieiiieeieeee e
Helium Isotope Results for Soil-Gas Samples Collected near the 618-10 Burial Ground

Target Compound Results from Soil-Gas Samples Collected Around the Perimeter of
618-10 BUrial Ground ..........cocueeiiiiieiieie ettt sttt

Tentatively Identified Compound Results from Soil-Gas Samples Collected Around the
Perimeter of 618-10 Burial Ground ...........c.ccoeiuieiiiiienieniiieee et

vi

12

12

12

14

14

Al
B.1
C.1
D.1

10

11

13

15

17



1.0 Introduction

The need for increased monitoring capability and subsurface characterization at the 618-10 burial
ground was identified during the data quality objectives (DQO) process for the 300-FF-5 Operable Unit,
a groundwater operable unit that includes the 300 Area and groundwater underlying the 618-10 and 618-
11 burial grounds. The DQO process was used to help update and expand the operations and mainten-
ance plan for this operable unit (DOE 2002a) and to prepare a new sampling and analysis plan for the
operable unit (DOE 2002b).

One outcome of the DQO process was a requirement to install two groundwater monitoring wells in
the immediate vicinity of the 618-10 burial ground. The purpose of these wells is to monitor the impact,
if any, that potential releases from the burial ground may have on current groundwater conditions. A
soil-gas survey was used to help determine the optimal locations for these two wells. The next section
summarizes the results of the soil-gas survey and well location criteria. This report describes the results
of the soil-gas survey and the installation of the two new groundwater monitoring wells at the 618-10
burial ground.

1.1 Soil-Gas Survey

The soil-gas survey was conducted during September 2002. Samples were analyzed for helium
isotopes, which provide an indication of nearby tritium. The tritium may be present in an underlying
groundwater plume and/or a buried vadose zone source. At some locations, analyses for volatile organic
compounds were also performed.

The soil-gas results did not reveal any definitive information that suggested releases from the burial
ground are currently impacting groundwater (see Section 7.0 for a detailed description of the results).
While some evidence of tritium was detected, the levels are consistent with those associated with the
leading edge of the site-wide plume that originates at the 200 East Area. Consequently, the two new
monitoring wells were equally spaced across the inferred groundwater flow path immediately downgra-
dient of the burial ground.

1.2 New Groundwater Monitoring Wells

The two new groundwater monitoring wells were installed during February and March 2003. Fig-
ure 1 is a photo showing the typical operating setup at the drill site. The wells are named 699-S6-E4K
(well ID C4072) and 699-S6-E4L (well ID C4073). A location map is presented in Figure 2, which also
includes the locations where soil-gas samples were collected. The new wells were constructed to the
specifications and requirements described in Washington Administrative Code (WAC) 173-160, Part 111
(resource protection wells), and the groundwater monitoring description of work for the drilling and
installation. During drilling and construction of the wells, sampling and analysis were conducted to
support screening for radiological contaminants (none were detected) in the vadose zone and to develop a
preliminary hydrogeologic model for the area.
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This document provides a compilation of information obtained during drilling, well construction,
well development, pump installation, and sample collection/analysis activities. Appendix A contains the
well construction summary report, well summary sheet (as-built), well development and pump installa-
tion reports, and the well survey data report. Appendix B contains the borehole log (geologic descrip-
tions) and sediment sample sieve results. Appendix C contains borehole geophysical logs. Appendix D
contains vadose zone soil-gas survey results. Additional documentation concerning well construction is
on file with Fluor Hanford, Inc., Richland, Washington. Records Management Information System
(RMIS) and the Hanford Well Information System (HWIS) are two electronic databases that also contain
the drilling and construction records for these two wells.

English units are used in this report to describe drilling and well completion activities because that is
the system of units used by drillers to measure and report depths and well construction measurements.
Conversion to metric can be done by multiplying feet by 0.3048 to obtain meters or by multiplying inches
by 2.54 to obtain centimeters.

1.3 Historical Information

Historical information on the 618-10 burial ground (originally named the 300 North Solid Waste
Burial Ground) is presented in the Technical Baseline Report for the 300-FF-2 Operable Unit (Deford
et al. 1994). The 618-10 burial ground is located approximately 4 miles northwest of the 300 Area. The
burial ground was operated between 1954 and 1963 and received a wide variety of solid or dry radio-
active waste in shallow trenches and vertical pipe units. The vertical pipes, consisting of 55-gallon
drums welded end-to-end, were installed to store radioactive waste collected in lead pans known as
“gunk catchers” from 300 Area operations buildings. This waste was dropped from the gunk catchers
into the vertical pipe units and covered with sand until radiation levels at the surface declined to an
acceptable level.

There is no evidence of significant quantities of liquid waste being placed in the burial ground,
although small amounts of various liquid waste may have been included with solid materials. Also,
several fires occurred at the burial ground during which significant quantities of water may have been
applied to the ground surface. In 1982, the surface cover of the burial ground was stabilized using
bulldozers, and a black, oily substance was noted, although no further characterization of this substance
was conducted. An investigation of underground features using surface geophysical methods was
completed in 1995 (Bergstrom et al. 1997). Those results provided the best indication of the actual
locations for burial trenches and vertical pipe units.

A determination of groundwater conditions and the suitability of existing monitoring wells for
coverage downgradient of the 618-10 burial ground and nearby 316-4 cribs was completed about the
same time as the geophysical survey and is described in the limited field investigation report for the
300-FF-2 Operable Unit (DOE 1997). A compilation of all available information on the use of this
burial ground was completed in 1993 (Webb 1993).



2.0 Well 699-S6-E4K

This section contains information about the installation of well 699-S6-E4K at the 618-10 burial
ground.

2.1 Drilling and Sampling

Well 699-S6-E4K (well ID C4072) was drilled with a cable tool drill rig and drive barrel between the
ground surface and 87.3 feet below ground surface (bgs). Temporary 11 5/8-inch-outside-diameter,
carbon steel casing was used between the ground surface and total depth (87.3 feet bgs). Grab samples
of sediment for geologic description and archive were collected at approximately 5-foot intervals from
ground surface to total depth. Also, two 2-foot-long, 4-inch-diameter split spoon samples were collected
for physical property analysis. The split spoons retrieved 100 % of sample from 67 to 69.5 feet bgs and
79 to 81.5 feet bgs.

Sediment encountered during drilling was predominantly sand to gravelly sand of the Hanford
formation from the surface to about 59 feet bgs. Ringold Formation silty sandy gravel to sandy gravel
was encountered from approximately 59 feet bgs to 87.3 feet bgs (total depth). A geologist’s borehole
log is included in Appendix B. The stratigraphy is interpreted in Section 6 of this report using sediment
sample photographs, geophysical logs, and geologic descriptions from 5-foot intervals. The operations
and maintenance plan for the 300-FF-5 Operable Unit (DOE 2002a) describes the hydrogeology of the
area.

The borehole and drill cuttings were monitored regularly for organic vapors and radionuclide
contaminants. No manmade contamination was noted. The well was geophysically logged using high
resolution, spectral gamma-ray instrumentation. No gamma-emitting manmade radionuclides were
detected during geophysical logging. The geophysical logs are in Appendix C.

2.2 Well Completion

The permanent casing and screen were installed in well 699-S6-E4K in February 2003. A 4-inch-
inner-diameter, stainless steel, continuous wire-wrap (0.02-inch slot) screen was set from 80.3 to
65.3 feet bgs. Below the screen interval there is a 3-foot-long stainless steel sump placed from 83.3 to
80.3 feet bgs. The permanent well casing is 4-inch-inside-diameter, stainless steel from 65.3 feet bgs to
2 feet above ground surface. The static water level was 65.53 feet bgs on March 5, 2003.

The screen filter pack is 10 to 20 mesh silica sand placed from 85.5 to 60.4 feet bgs. The annular
seal is composed of bentonite pellets from 60.4 to 55.7 feet bgs and bentonite crumbles from 55.7 to
10.8 feet bgs. The surface seal is composed of Portland cement from 10.8 feet bgs to ground surface. A
4 by 4 foot by 6 inch concrete pad was placed around the well at the surface. A protective well head
casing with locking cap, four protective steel posts, and a brass marker stamped with the well ID number
and Hanford well number were set into the concrete pad. The Well Construction Summary Report and
Well Summary Sheet (as-built diagrams) are included in Appendix A.
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The vertical and horizontal coordinates of the well were surveyed by Fluor Federal Services in
March 2003. The horizontal position of the well was referenced to horizontal control stations established
by the U.S. Army Corps of Engineers. The coordinates are for the Washington Coordinate System,
South Zone, and referenced to the North American Datum of 1983, as revised in 1991 (NAD83[91]).

The vertical datum is North American Vertical Datum of 1988 (NAVDS88) and is based on existing
U.S. Army Corps of Engineers bench marks. Survey data are included in Table 1 and Appendix A.

Table 1. Survey Data for Wells 699-S6-E4K and 699-S6-E4L

Well Name Easting Northing Elevation
(Well ID) (meters) (meters) (meters) Comments
699-S6-E4K 590,867.37 121,626.77 Center of casing
(C4072) 135.077 Top of casing, N. edge
134.348 Brass survey marker
135.083 Top pump base plate, N. edge
699-S6-E4L 590,915.84 121,654.35 Center of casing
(C4073) 134.428 Top of casing, N. edge
133.725 Brass survey marker
134.434 Top pump base plate, N. edge
NOTES: Horizontal Datum is NAD83 (1991); Vertical Datum is NAVD88; Washington State Plane
Coordinates (South Zone); surveyed March 19, 2003.

2.3 Well Development and Pump Installation

Well 699-S6-E4K was developed in March 2003. A temporary, submersible pump was used to
remove approximately 1,443 gallons of formation water from the well at a rate of 35 to 37 gallons per
minute. The pump intake was at 80.6 feet below the top of the protective casing. The approximate
drawdown during development was 1.1 foot and a final turbidity was 3.11 NTU. Groundwater
conductivity and temperature stabilized at 479 uS/cm and 17.7°C, respectively.

A dedicated Redi-Flo 2-1/4 horsepower (hp) Grundfos™ submersible pump was installed in well
699-S6-E4K on March 5, 2003. The sampling pump intake was set at 77.19 feet below the top of the
protective surface casing and connected to the surface with 3/4-inch-diameter stainless steel pipe.



3.0 Well 699-S6-E4L

This section contains information about the installation of well 699-S6-E4L at the 618-10 burial
ground.

3.1 Drilling and Sampling

Well 699-S6-E4L (ID C4073) was drilled with a cable tool drill rig and drive barrel between ground
surface and 91 feet total depth bgs. Temporary 8 5/8-inch-outside-diameter, carbon steel casing was used
between the ground surface and total depth (91 feet bgs). Grab samples of sediment for geologic descrip-
tion and archive were collected at approximately 5-foot intervals from ground surface to total depth.
Moisture samples from drill cuttings were collected every 5 feet from 10 to 65 feet bgs. Also, two
2-foot-long, 4-inch-diameter split spoon samples were collected for physical property analysis. The split
spoons retrieved 10% and 100% of sample from 65 to 67.5 feet bgs and 77 to 79.5 feet bgs, respectively.

Sediment encountered during drilling was predominantly sand to gravelly sand of the Hanford
formation from the surface to about 59 feet bgs. Ringold Formation sand, silty sandy gravel to sandy
gravel was encountered from approximately 59 feet bgs to 91 feet bgs (total depth). A geologist’s
borehole log is included in Appendix B. The stratigraphy is interpreted in Section 6 of this report using
sediment sample photographs, geophysical logs, and geologic descriptions from 5-foot intervals.

The borehole and drill cuttings were monitored regularly for organic vapors and radionuclide con-
taminants. Beta/gamma was slightly elevated above background levels during field scans of drill cuttings
(see borehole geology log, Appendix B). No organics were detected. The well was geophysically logged
using high resolution, spectral gamma-ray and neutron-moisture instrumentation. No gamma-emitting
manmade radionuclides were detected during geophysical logging. The geophysical logs are in
Appendix C.

3.2 Well Completion

The permanent casing and screen were installed in well 699-S6-E4L in March 2003. A 4-inch-inner-
diameter, stainless steel, continuous wire-wrap (0.02-inch slot) screen was set from 78.5 to 63.5 feet bgs.
Below the screen interval there is a 3-foot-long stainless steel sump placed from 81.5 to 78.5 feet bgs.
The permanent well casing is 4-inch-inside-diameter, stainless steel from 63.5 feet bgs to 2 feet above
ground surface. The static water level was 63.53 feet bgs on February 28, 2003.

The screen filter pack is 10 to 20 mesh silica sand placed from 91 to 57.8 feet bgs. The annular seal
is composed of bentonite pellets from 57.8 to 50.9 feet bgs and bentonite crumbles from 50.9 to 11.2 feet
bgs. The surface seal is composed of Portland cement from 11.2 feet bgs to ground surface. A 4 by
4 foot by 6 inch concrete pad was placed around the well at the surface. A protective well head casing
with locking cap, four protective steel posts, and a brass marker stamped with the well ID number and
Hanford well number were set into the concrete pad. The Well Construction Summary Report and Well
Summary Sheet (as-built) are included in Appendix A.
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The vertical and horizontal coordinates of the well were surveyed by Fluor Federal Services in
March 2003 and one described in the previous paragraphs and listed in Table 1 and Appendix A.

3.3 Waell Development and Pump Installation

Well 699-S6-E4L was developed in March 2003. A temporary, submersible pump was used to
remove approximately 2,805 gallons of formation water from the well. The well was initially pumped at
a rate of 35 gallons per minute and then slowed to 20 gallons per minute due to excessive drawdown at
the higher pump rate. The pump intake was at 80.6 feet below the top of the protective casing. The
approximate drawdown during development initially exceeded 6 feet until the pump rate was reduced.
The final turbidity was 2.53 NTU. Groundwater specific conductivity and temperature stabilized at
518 uS/cm and 17.4°C, respectively.

A dedicated Redi-Flo 2-1/4 hp Grundfos™ submersible sampling pump was installed in well
699-S6-E4L on March 4, 2003. The sampling pump intake was set at 76 feet below the top of the
protective surface casing and connected to the surface with 3/4-inch-diameter stainless steel pipe.

4.0 Sampling and Analysis During Drilling

This section describes the collection and analysis of sediment samples collected during drilling from
wells 699-S6-E4K and 699-S6-E4L.

4.1 Field Screening

Soil samples were screened in the field prior to sample collection for indications of contamination.
The drill cuttings and samples were screened for volatile organic contamination, beta-gamma activity,
and alpha activity by radiation control technicians and site safety staff. All activity levels were at or
below background for well 699-S6-E4K. Volatile organic screening was performed with a photo-
ionization detector. No volatile organics were detected during drilling.

Radiation screening during drilling of well 699-S6-E4L revealed beta and gamma slightly above
background in a few cuttings and alpha was also detected but determined to be radon. No actions were
required. No volatile organics were detected during drilling.

4.2 Borehole Sampling

Sediment samples were collected for geologic description and archival from both boreholes at 5-foot
intervals from ground surface to total depth. The geologic borehole logs are included in Appendix B.
Archive sediment samples are logged into the archive library for storage by the Pacific Northwest
National Laboratory (PNNL) who administers the library. The archive library is located at 2101-M



building in 200 East Area. Sediment moisture samples were also collected from 699-S6-E4L every
5 feet, from 10 to 65 feet (approximate water table), for moisture determination. Table 2 presents the
results of the moisture analysis.

Table 2. Moisture Analysis Results for Well 699-S6-E4L

Depth of + Wet Wet Soil Dry Soil
Sample ID Sample Tin Tare Soil wt + Dry Soil wt % Moisture
C4073 10' 10 34.13 165.69 131.56 152.99 118.86 10.68
C4073 15 15 34.25 166.57 132.32 161.85 127.60 3.70
C4073 20 20 33.75 197.17 163.42 193.19 159.44 2.50
C4073 25' 25 33.87 191.10 157.23 184.40 150.53 4.45
C4073 30' 30 34.07 165.03 130.96 159.05 124.98 4.78
C4073 35' 35 33.63 187.56 153.93 181.87 148.24 3.84
C4073 40' 40 33.42 187.39 153.97 182.06 148.64 3.59
C4073 45' 45 34.01 197.23 163.22 191.01 157.00 3.96
C4073 50' 50 33.48 189.64 156.16 183.64 150.16 4.00
C4073 55' 55 33.79 180.65 146.86 174.78 140.99 4.16
C4073 60' 60 34.03 180.94 146.91 177.08 143.05 2.70
C4073 65' 65 33.96 173.47 139.51 169.00 135.04 3.31

Two split spoon samples were collected from the interval to be screened at each borehole and sieved
for particle size distribution to provide data for screen slot size selection. Sieve data and distribution
curves are available in Appendix B.

All sediment sample locations, with respect to ground surface, are documented in the geologist’s
borehole log for each well found in Appendix B.

5.0 Geophysical Logging

A spectral gamma-ray borehole geophysical survey was conducted in borehole 699-S6-E4K, and
spectral gamma-ray and neutron moisture borehole geophysical surveys were conducted in borehole
699-S6-E4L. Logging was performed on February 20, 2003. The spectral gamma-ray and neutron
moisture tools were used to determine the presence and concentration of manmade and naturally
occurring gamma-emitting radionuclides, and the volume fraction of moisture (volume of water/volume
total) in the formation. The geophysical logs are correlated with the geologic log data and the interpreted
results are presented in Section 6.0.

In well 699-S6-E4K, the spectral gamma-ray tool was run from the ground surface to a depth of
86 feet bgs inside ~12-inch-diameter temporary carbon steel casing. A repeat section was run from 86 to
77 feet bgs. Measurements were made in a “move-stop-acquire” mode and at a rate of 100 seconds per




1 foot. Manmade radionuclides were not detected in this borehole. Neutron-moisture logging was not
completed because the casing diameter was too large for the calibrated tool.

In well 699-S6-E4L, the spectral gamma-ray tool was run from the ground surface to a depth of
85 feet bgs inside ~9-inch-diameter temporary carbon steel casing. A repeat section was run from 85 to
75 feet bgs. Measurements were made in a “move-stop-acquire” mode and at a rate of 100 seconds per
1 foot. Manmade radionuclides were not detected in this borehole. The neutron-moisture tool was run
from the water table (~64 feet bgs) to ground surface inside the ~9-inch-diameter temporary casing. A
repeat section was logged from 63 to 57 feet bgs. Except for the upper 5 feet of the borehole, the volume
percent moisture in the borehole never exceeded 5%.

Detailed geophysical logging reports for the two wells are provided in Appendix C. The reports
describe calibration requirements, data processing, and log plots.

6.0 Subsurface Characterization Results

Results from the sediment sampling, physical property analysis, geologic log, and geophysical logs
from each borehole are correlated to provide an interpretation of the stratigraphy at each borehole. This
section includes a discussion of the criteria used to evaluate and interpret the data. Figures 3 and 4
provide the interpreted stratigraphy developed for each well.

6.1 Physical Properties

Sediment samples for particle size distribution, and gravimetric moisture content were sent to PNNL
for analysis. The gravimetric moisture content ranged from 2.50 to 10.68% (Table 2, Section 4). The
highest moisture value was measured from the shallowest sample. Particle size distribution results (sieve
results) are provided in Appendix B.

6.2 Geophysical Logging

No manmade radionuclides were detected in these boreholes. For well 699-S6-E4K, plots of
naturally occurring radionuclides indicate there are several distinct activity changes (inflection points) at
depths of 22, 58, and 66 feet bgs. These major changes correlate to stratigraphic features and the water
table as identified on the interpreted borehole log (Figure 3).

For well 699-S6-E4L, plots of naturally occurring radionuclides and moisture indicate there are
several distinct activity changes (inflection points) at depths of 20, 59, and 64 feet bgs. These major
changes correlate to stratigraphic features and the water table as identified on the interpreted borehole
log (Figure 4). Volumetric moisture ranged from approximately 5% from the surface to 5 feet bgs to an
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Figure 3. Stratigraphic Interpretation for Well 699

average of about 3% throughout the rest of the borehole down to the Ringold Formation, then increased

slightly. This trend in volumetric moisture is similar to the gravimetric moisture values generated from
analysis of sediment samples (Table 2). It does not appear that there are any anomalously elevated

moisture intervals related to releases from the 618-10 burial ground in this area.
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7.0 Soil-Gas Investigation

The use of helium-3/helium-4 ratios in soil gas to detect and delineate tritium contamination in the
subsurface at the 618-11 burial ground is described in Olsen et al. (2001). The method is based on the
decay of tritium to helium-3, which is a stable, inert isotope:

H 2 *He+B t, = 12.32 years

When tritium-bearing waste comes in contact with soil moisture, it reacts to produce tritiated
moisture, which may migrate away from the source in the vadose zone. The tritiated soil moisture mixes
with infiltrating moisture from precipitation (e.g., rainfall, snowmelt), or moisture from anthropogenic
activities (e.g., dust control and/or irrigation water), and migrates downward to subsequently enter
groundwater. Concurrent with tritium’s release to the vadose zone, its daughter isotope, helium-3, begins
to build up in the vadose zone at the rate of tritium decay. The helium-3 diffuses away from its vadose
zone and/or groundwater tritium source and migrates toward the surface. Helium-3 thus acts as a non-
reactive tracer for tritium.

Because of similarities in the historical use of the 618-10 and the 618-11 burial grounds, the possi-
bility existed that a tritium plume, similar to that present at the 618-11 site, was present beneath and
downgradient of the 618-10 burial ground. A soil-gas investigation was conducted around the perimeter
of the 618-10 burial ground to search for evidence of tritium in the environment near the burial ground
and to provide an indication of the potential source. This information would be used to help position two
new groundwater monitoring wells that were planned as part of the monitoring strategy for the burial
ground. The results of this investigation are presented in the following sections and in Appendix D.

7.1 Soil-Gas Sampling and Analysis

During September 2002, soil-gas sampling tubes were installed and soil-gas samples collected and
analyzed for helium isotopes and volatile organic compounds (see Figure 1 for the locations of the soil-
gas sampling sites). Sampling points were installed to a depth of ~20 feet bgs using a GeoProbe™
direct-push system. The 14 sample locations chosen for the survey were intended to detect tritium in
groundwater near the potential source (i.e., the vertical pipe units) and in adjacent areas downgradient of
the burial ground. One location upgradient of the burial ground was included to provide background
levels for constituents of interest. Six of the 14 soil-gas locations were sampled for analyses of volatile
organic compounds. The parameters recorded during field sampling are listed in Appendix D (Table D.1).

7.2 Helium Isotopes

Soil-gas samples were collected and analyzed for helium isotopes following procedures established
previously during investigations at the 618-11 burial ground (Olsen et al. 2001). The helium-3/ helium-4
ratios from sampling tube sites along the southeastern perimeter of the 618-10 burial ground do not
indicate high levels of tritium in the area (Table 3). The highest observed helium-3/helium-4 ratio was
1.178 (ambient air ratio is 1.000). By comparison, helium-3/helium-4 ratios observed in soil gas

12



Table 3. Helium Isotope Results for Soil-Gas Samples Collected near the 618-10 Burial Ground

He/Ne Cylinder
*He/*He | (relative to *He N, 0, Ne Ar Pressure
Location (R/R,) air) (ppm) (%) (%) (ppm) | (ppm) | N,/Ar (atm)
C4074 1.020 1.096 5.40 79.79 | 19.29 17.09 9179 86.92 2.17
C4077 1.107 1.014 5.45 77.82 | 21.25 18.68 9233 84.28 1.59
C4078 1.178 1.052 5.32 78.35 | 20.73 17.58 9275 84.48 2.08
C4075 1.032 1.086 5.57 80.75 | 18.28 17.82 9643 83.74 2.24
C4076 1.006 1.079 5.40 81.19 | 17.89 17.38 9263 87.64 2.30
C4076 1.013 1.054 543 81.01 | 18.07 17.89 9232 87.74 2.54
C4079 1.015 1.177 5.71 80.13 | 18.94 16.84 9321 85.97 2.30
C4080 1.033 1.017 5.12 82.02 | 17.01 17.49 9756 84.07 2.25
C4081 1.006 1.125 5.80 80.86 | 18.16 17.90 9844 82.13 2.46
C4082 0.998 1.109 5.33 81.37 | 17.66 16.70 9725 83.67 2.45
C4083 1.026 1.084 5.28 80.55 | 18.49 16.92 9600 83.90 2.49
C4084 1.008 1.123 5.30 79.89 | 19.20 16.39 9099 87.80 2.28
C4085 0.994 1.069 5.57 79.05 | 20.02 18.08 9311 84.90 2.39
C4086 0.999 1.047 5.50 82.84 | 16.19 18.24 9718 85.25 2.26
Ambient Air 0.996 1.093 6.07 79.56 | 19.50 19.30 9372 84.89 2.63
C4087 1.005 1.178 5.72 80.34 | 18.74 16.87 9208 87.25 2.31
C4087 1.027 1.105 5.39 79.85 | 19.20 16.93 9477 84.26 2.29

near the 618-11 burial ground are much higher — up to 62 times the ambient air ratio near suspected
buried sources of tritium and up to 1.68 over the tritium groundwater plume that extends downgradient
from that burial ground.

Slightly elevated ratios are present at two locations along the southeast perimeter fence of the 618-10
burial ground, along the presumed downgradient flow path from the vertical pipe units (see Figure 1).
The elevated ratios at sampling sites C4077 and C4078 could represent helium-3 enrichment from a
tritium source in the vadose zone and/or tritium in the underlying groundwater.

The cause for the slight elevated helium-3/helium-4 ratio at the two locations cannot be conclusively
determined by the soil-gas data alone. One possibility is the release of tritium gas from irradiated
material buried in the vertical pipe units. If that is the case, it is occurring at a much smaller scale than at
the 618-11 burial ground. A second possibility is that the excess helium-3 has migrated upward from an
underlying groundwater plume. Tritium is present in groundwater flowing through the general area at
concentrations just below the 20,000 pCi/L standard for drinking water supplies.

13



7.3 Volatile Organic Compounds

The analyses for volatile organic compounds revealed several chlorinated hydrocarbon compounds
(Table 4) and numerous tentatively identified compounds (Table 5) in all six of the samples collected
for volatile organics analysis. All of the soil-gas samples contained a similar composition of C10-C13
hydrocarbon compounds, which suggested a contamination problem with the sampling equipment. Total
concentrations ranged from 789 ng/L at soil-gas sampling site C4077 to 3,209 ng/L at site C4074.

To identify the source for the anomalous results, a sample of the polyethylene tubing used for the
installations (similar in length to those in the field) was obtained and purged with air or nitrogen onto
a triple sorbent trap. Total concentrations for this test ranged from 931 to 1,849 ng/L. These results
strongly suggest that the origin for the C10-C13 hydrocarbon compounds is out gassing from the tubing,
and that the compounds are not present in the soil gas at the sampling points. The gas chromatograph
fingerprint profile of the eluting compounds suggests diesel fuel is the source of the tubing contamination.

The tubing blank did not reveal any of the volatile chlorinated organic compounds that were ident-
ified in the samples from the field. These target compounds included carbon tetrachloride, trichloro-
ethlene, and perchloroethylene (see Table 4). The concentrations measured are as follows: carbon
tetrachloride (2.9 to 28.2 ng/L); trichloroethene (4.1 to 82.7 ng/L); and perchloroethylene (4.5 to
241.8 ng/L). Converting these concentrations to parts per billion by volume (ppb,), concentrations would
range from a low of 0.42 ppb, for carbon tetrachloride to a high of 32.7 ppb, for perchloroethylene. The
lowest concentration of these three compounds consistently occurred at site C4085, which is located at
the southwest corner of the burial ground. The highest concentrations occurred at sites C4074 and
C4077, which are located near the southeast corner of the burial ground and the trenches where a black,
oily substance was discovered during surface stabilization activities in 1982 (see Figure 1, pits #1
through #4).

7.4 Discussion of Soil-Gas Results

Based on the helium isotope results for the soil-gas samples, there appears to be minor contribution
of helium-3 from nearby tritium to soil gas in the vicinity of the 618-10 burial ground. The source for the
excess helium-3 may be tritium in the underlying groundwater, which is at concentrations consistent with
the leading edge of the site-wide plume that originates at the 200 East Area. The possibility that tritium
gas is being released from subsurface waste in the burial ground cannot be excluded, although if that is
occurring, the release is at much lower levels than those observed at the 618-11 burial ground. Conse-
quently, the two new monitoring wells were equally spaced across the inferred groundwater flow path
immediately downgradient of the burial ground.

In summary, the results for volatile chlorinated organic compounds in the soil-gas samples suggest
that there is a source of carbon tetrachloride, perchloroethylene, and trichloroethene in or around the
burial ground. Because of the pervasiveness of C10-C13 hydrocarbon contamination in the sample
tubing, it was not possible to determine if hydrocarbon compounds were present in soil gas.

14
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Table 4. Target Compound Results from Soil-Gas Samples Collected Around the Perimeter of 618-10 Burial Ground

Soil Soil Soil Soil Soil Diaphram Metal Bellow Sample
Gas Gas Gas Gas Gas Pump/Sample | Pump/Sample Tubing
Sample Location --> | C4074 | C4077 | C4081 | C4085 | C4087 Tubing Tubing Only
Canister--> 139 215 237 275 432 Blank

Target Compounds ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L
Dichlorodifluoromethane 2.6 32 3.2 2.1 2.8 N.D N.D N.D N.D
1,2 dichloro-1,1,2,2 tetra N.D N.D N.D N.D N.D N.D N.D N.D N.D
Methanol N.D N.D N.D N.D N.D N.D N.D N.D N.D
Vinyl Chloride N.D N.D N.D N.D N.D N.D N.D N.D N.D
Chloromethane 1.2 N.D N.D 0.6 0.7 N.D 3.1 1.9 1.20
1,3 butadiene 0.1 N.D N.D N.D N.D N.D 1.1 0.5 0.16
Bromomethane N.D N.D N.D N.D N.D N.D N.D N.D N.D
Chloroethane N.D N.D N.D N.D N.D N.D N.D N.D N.D
Ethanol N.D N.D N.D N.D 6.5 N.D N.D N.D N.D
Acetonitrile N.D N.D 1.1 0.8 1.0 N.D N.D N.D N.D
Acetone 15.0 33.9 12.9 18.8 314 1.8 13.4 7.9 4.33
Trichloromonofluoromethane 2.4 2.7 2.3 2.0 1.8 N.D N.D N.D N.D
Pentane 0.4 N.D N.D 0.3 0.5 N.D N.D N.D N.D
1,1-Dichloroethene N.D N.D N.D N.D N.D N.D N.D N.D N.D
3-chloropropene N.D N.D N.D N.D N.D N.D N.D N.D N.D
Methylene Chloride 10.7 9.0 8.7 10.6 8.6 3.0 6.6 5.1 7.73
1,1,2 trichloro-1,2,2 trifluoroethane 1.0 1.1 1.1 0.8 1.0 N.D N.D 0.2 0.11
2-butanone 2.8 5.7 2.5 4.9 7.1 N.D 5.2 4.3 1.55
1,1 dichloroethane N.D N.D N.D N.D N.D N.D N.D N.D N.D
cis1,2-dichloroethene N.D N.D N.D N.D N.D N.D N.D N.D N.D
chloroform 1.8 0.8 1.5 0.5 9.8 N.D N.D N.D N.D
1,2 dichloroethane N.D N.D N.D N.D N.D N.D N.D N.D N.D
1,1,1 trichloroethane 0.9 1.1 1.8 0.7 0.8 N.D N.D N.D N.D
benzene 5.9 2.1 33 2.5 4.0 N.D 5.8 2.8 0.40
carbon tetrachloride 21.5 28.2 9.0 2.9 25.4 N.D N.D N.D N.D
1, 2 dichloropropane N.D N.D N.D N.D N.D N.D N.D N.D N.D
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Table 4. (contd)

Soil Soil Soil Soil Soil Diaphram Metal Bellow Sample
Gas Gas Gas Gas Gas Pump/Sample | Pump/Sample Tubing
Sample Location --> | C4074 | C4077 | C4081 | C4085 | C4087 Tubing Tubing Only
Canister--> 139 215 237 275 432 Blank
Target Compounds ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L
trichloroethene 82.7 56.0 14.3 4.1 60.1 N.D N.D N.D N.D
cis 1,3 dichloropropene N.D N.D N.D N.D N.D N.D N.D N.D N.D
trans1,3 dichloropropene N.D N.D N.D N.D N.D N.D N.D N.D N.D
1,1,2 trichloroethane N.D N.D N.D N.D N.D N.D N.D N.D N.D
toluene 144.7 29.9 77.1 37.6 56.5 N.D 128.3 56.5 2.73
1,2 dibromoethane N.D N.D N.D N.D N.D N.D N.D N.D N.D
perchloroethylene 241.8 18.5 33.5 4.5 24.7 N.D 0.4 N.D N.D
chlorobenzene 0.7 0.3 0.4 0.1 0.3 0.1 0.6 0.3 N.D
ethyl benzene 41.7 3.6 20.3 13.2 21.9 0.3 52.2 23.7 0.46
p/m xylene 173.4 16.3 87.3 53.9 89.4 0.2 215.6 97.4 1.88
styrene 2.4 0.7 1.3 0.8 1.2 0.1 2.8 1.3 N.D
1,1,2,2 tetrachloroethane N.D N.D N.D N.D N.D N.D N.D N.D N.D
o-xylene 70.5 7.4 343 21.8 37.7 N.D 91.2 41.3 1.39
1-methylethylbenzene 59 0.7 2.9 2.0 3.9 0.2 8.6 4.0 0.21
1,3,5 trimethylbenzene 29.2 1.2 15.5 9.2 18.6 N.D 46.3 18.6 0.21
1,2,4 trimethylbenzene 28.1 1.1 11.3 7.7 14.6 N.D 39.8 15.8 0.28
1,3 dichlorobenzene * 0.8 0.5 0.4 0.3 0.5 0.4 1.2 0.7 0.3
1,4 dichlorobenzene * 1.8 1.1 0.9 0.8 1.1 0.7 1.7 1.0 0.3
1,2 dichlorobenzene * 1.4 0.9 0.7 0.6 0.9 0.7 1.6 1.1 0.5

* Did not exceed level in blank - N.D.
Shaded - Positive detection in soil gas.
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Table 5.

Ground

Tentatively Identified Compound Results from Soil-Gas Samples Collected Around the Perimeter of 618-10 Burial

Soil Soil Soil Soil Soil Diaphram Metal Bellow | Sample
Gas Gas Gas Gas Gas Pump/Sample | Pump/Sample | Tubing
Sample Location --> C4074 | C4077 | C4081 | C4085 C4087 Tubing Tubing Only
Canister--> 139 215 237 275 432

Tentatively Identified Compounds CAS # RT ng/L. | ng/L ng/L ng/L ng/L ng/L ng/L ng/L
2-Propanol, 2-methyl- 75-65-0 8.72 12.5 8.3 8.5
1-Butanol 71-36-3 12.18 0 4.255 0 0 2.6
2-Pentenal 1576-87-0 12.40 2.13 0 2.05 0 0
Hexane, 3-mehtyl- 589-34-5 12.99 2.51 0 0 0 0 6.15 4.62
Methyl Isobutyl ketone 108-10-1 14.12 1.675 0 0 0 0 2.035 0
Cyclohexane, methyl- 108-87-2 14.35 2.085 0 2.05 0 0 0 1.695
Ethene, 1,2-dibromo 540-49-8 14.42 0 0 0 0 2.8 0 0
Heptane, 4-methyl- 589-53-7 14.93 5.7 0 2.75 0 331 7.15 3.275
Heptane, 3-methyl- 589-81-1 15.32 54 0 2.15 0 0 6.75 0
Hexane,2,2,5-trimethyl- 3522-94-9 15.60 4.29 0 0 0 0 4.1 0
Octane 111-65-9 15.88 8.15 0 5.7 0 2.69 3.655 2.59
Benzene. Propyl- 103-65-1 19.20 29 0 11.9 8.2 15.75 40.1 17.65
Benzene, 1-ethyl-3-methyl- 620-14-4 19.31 101.5 0 0 27 54.5 137.5 60
3-Nonene, 3-methyl 69405-42-1 | 19.65 14.8 0 8.85 14.95 28.65 58.5 35.45 7.55
Benzene, 1-ethyl-2-methyl- 611-14-3 19.73 325 0 17.5 20.5 39.5 66.5 39
Decene 872-05-9 19.73 32,5 0 17.5 20.5 39.5 65 39 24.5
Decane 124-18-5 19.94 82 20.25 48 59.5 110.5 150.5 112.5 43.45
Benzene, 1,2,3-trimethyl- 526-73-8 20.00 206.5 0 93 71.5 139 292 143.5
4-Decene 19689-18-0 | 20.18 13.55 0 7.6 9.9 18.25 26.6 18.2 6.3
Benzene, 1-ethyl-2,4 -dimethyl- 874-41-9 20.52 7.6 0 54 8 8.5 11.85 5.6
Benzene, 1-ethyl-4-methyl- 622-96-8 20.60 31.35 0 13.6 7.45 15.2 35.25 15.75
Limonene 138-86-3 20.74 107.5 65.5 62.5 58 65.5 85 54.5 22.6
Benzene, 1-ethenyl-2-methyl- 611-15-4 20.94 34.15 0 18.45 5.8 9.55 24.95 10.1
Benzene, 1-methyl-2-propyl- 1074-17-5 21.00 21.7 0 11.2 0 0 0 0
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Table 5. (contd)

Soil Soil Soil Soil Soil Diaphram Metal Bellow | Sample
Gas Gas Gas Gas Gas Pump/Sample | Pump/Sample | Tubing
Sample Location --> C4074 | C4077 | C4081 C4085 C4087 Tubing Tubing Only
Canister--> 139 215 237 275 432

Tentatively Identified Compounds CAS # RT ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L
Benzene, 1,4-diethyl- 105-05-5 21.08 53.5 0 28.3 11.5 23.95 50.5 21.7
Heptane, 4-ethyl-2,2,6,6-tetramethyl 62108-31-0 | 21.29 20.95 19.1 9.9 7.75 8.65 30.45 14.45 8.95
Benzene, 1-ethyl-2,3 -dimethyl- 933-98-2 2149 | 19.95 0 12.15 2.195 6.45 18.35 7.2
Heptane, 3,4-dimethyl 922-28-1 21.57 0 10.7 0 0 0 0 0
Benzene, 2-ethyl -1,3 -dimethyl- 2870-04-4 21.64 374 0 28.7 5.55 10.2 25.35 0
Undecane 1120-21-4 21.70 0 7.8 0 0 0 0 0
5-Dodecene 7206-28-2 | 22.22 0 0 14.75 24.65 28.3 23.6 133
Benzene, 4-ethyl -1,2 -dimethyl- 934-80-5 22.26 35.95 19.8 0 0 0 0
Benzene, 1,2,4,5-tetramethyl- 95-93-2 22.34 | 3575 7.7 22.8 14.25 29.2 41.35 249 11.9
Decane, 5-propyl- 17312-62-8 | 22.49 0 0 0 8.15 13.65 14.85 12.1 6.6
4-Undecene, 4-methyl- 61142-40-3 | 22.73 | 32.95 0 24.25 18 33.6 34.05 30.5 15.75
Undecane, 3-methyl- 1002-43-3 22.94 85.5 113.5 0 56.5 100.5 49.5 51.5 33.5
3-Undecene, 3-methyl- 23381-94-4 | 23.09 | 209.5 27.95 85.7 130.5 210.5 60 80 76.25
1-Dodecene 112-41-4 23.20 977 161.5 414 543 768.5 237 244 291.5
2-Undecene, 3-methyl 57024-90-5 | 23.28 131 34.95 60 62.5 128 66.5 88.5 70.5
Dodecane 112-40-3 23.35 394 69.5 163.5 220 291 71 73 91
3-Dodecene 7206-14-6 | 23.59 109 16.9 43.1 61.5 83 17.8 22.8 33.85
Naphthalene 91-20-3 23.68 32.8 0 20.15 0 18 15.5 12 34.5
3-Dodecene,(E) 7239-23-8 | 24.29 | 38.35 0 143 24 34.5 16.5 18 18.5
4-Tetradecene 41446-65-5 | 26.07 14.55 0 27.5 11.3 44 0 0 9.5
1-Tetradecene 1120-36-1 26.19 | 41.75 143.5 114 154.5 141 20.5 30 30.45
Tetradecane 629-59-4 26.33 116.5 45.65 57.5 112 109 15.5 16.5 41.5
Tridecane, 3-methylene 19780-34-8 | 26.41 65 28.25 49 57.5 64.5 0 10.5 30.5
Cyclotetradecane 295-17-0 26.55 11.05 12.4 16 20 25 0 0
Total Tentatively Identified Compounds 3,209 789 1,541 1,847 2,724 1,849 1,353 931
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Appendix A

Well Construction and Completion Documentation



WELL CONSTRUCTION SUMMARY REPORT
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- Cable Too! Diameter 8 % From_Te'  to: 873’
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*Indicate Welded (W) - Flush Joint (FJ) Coupled (C) & Thread Design Diameter From to
Drilling Fluid: NA
Total Drilled Depth: 7.3 IHole Dia@TD: 8 5@ * Total Amt. Of Water Added During Driling: 2.8 Gral.
Well Straightness Test Results: 7% t/ig/s 0. Static Water Level: {o8, 53 "!!- |Date: E[!QIG'I
P ok e elraagh deol. oo 2 GEOPHYSIGALLOBOING. - . . ox o g il ol i
Sondes (type) Interval Date Sondes (type) Interval Date
Spectmn/ Gammal O - 2/20/03 .

867

Slot

Mes

Description: =, 31 ¢ 59 min.

Size/Wt./Material Depth Thread | oo Type Anmhl’;ﬁ;‘;ﬂwhck Volume | "o
4" 34, S 4 WY gomp 833 - 803 | o | oa | Colerads Slica Sand | BSS - d' |34be | 1020
Ty 3 : " ~
5[" sh. § 35 3od :::F %rA- Bo.3 - 653 v _lo.o0 E’,Lnjk EO“Q’S -@-—-——'4" ’-i-—‘-" 5 bulel 'M’
A" 5. £ 33 304 Ryger (83 4200 | o | yA | Beslesile Coumbles $£1' - 108" |dotays | N6
- Pg;[-_lm__&m', I £ buys T
Aquifer Test: WELE DEVELIPME NT Date: 3/o l 03 Well Decommission: Yes: No: Date:

Description:

coptgl _well @ 3V 6PN fae
Final Toch = 3.0 v - !ltmura dest ron 1S mn S
oe% rec t i 4 .

el ¢
Protective Casing Elevation:

. T

-

Brass Survey Marker Elevation:

T

fe

£ buckeds v 0002 fwkap ¢ 5.1 G4

o bug x O 7 /puq

Hd

Beatonite Crembles :
Reported By: “Tagg [J“_]‘ ing

Original to:

13.48°%. cols iea ! 34 hoyx 0538 Vb © igaatt’
Tite: Crealogi st signature: feas- A Date: 2/2t0f03
v /

Document & Information Services, H0-09/HWIS

Distribution by DIS:  Environmental Technologies Well Coordinator, H0-02

BHI-EE-181 (07/27/2001)
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1=

I‘f# T/ Portland c:mn.n,'

-—'o

w08
NoTE
in ) g\"M
|/ ".
-
i h gwd
_igé&&e

: X 3
5.5 - 62’ Sand ()

Start Date: _2/47/03 Page: 1 of 1
WELL SUMMARY SHEET Finish Date: 2/ s]03 ge: L of 1
WellID: ¢ g7z Well Name: 94 -3 - EHK
Location: 4yg.10 Burin] Giround , Project: £y zoe3 cemein G wiel deilling
Prepared By: —, 0 1l .Lina J Date: z/z7 [o3 Reviewed By: L. D Wealker Date: 3-4-03
Signature: Signature:  _ZRQ Lo Gl
CONSTKGCTION DATA GEOLOGIC/HYDROLOGIC DATA
Depth in
Description Diagram Feet Grfgglc Lithologic Description
{ v
H o 0~ b5 Back il Madarial
H' gh. § 55 304 Sume >§ .g‘s — 15— 22" Sand {S)
83, 3' . 80.3' :: §§> Honlard  Formation [ Ls'
S 1 XS
" Gt ing S.0t0™ | N R
47 seh. § 55 304 wmar sepegn i e
v ! THI ! [}
go3' — (5.3 ;:f’ il | s
pif ,' 1 )
e ) A
- ? 8
4" seh & g¢ 30d Risar a1
[ /
.3 — +2.00 ’,::;,' AR
naaaTITn
siiri it el
Tl viririt
' :’” ¢ ::; 30
4
| 16-206 Mesh Calorads Silica Sand | ";',,’ i ::
] ' 4 )i 43 '
g5 = et S
I l,,r : HH
o« i A / ; '
| 4" Bealenle Pallks |l i — - 45 Geaval
' A rir 3 . ‘
w4 - £57 " il 5,51,; 4§ 8- 48" Silky Sandy Carmusl (m3e)
! Y 3 .
e e _ 4852 (arevelly Sand (4%
¢ o f ; pil ; | . - y
min mile Coamblas | |Hpuitl i1 it _ FAEORCSY - " Sendy Giewsel (&)
t 1 i N v
55.7 = 0.8 Hiti? ;’,;2 [T sr - 15" Gravelly Sand (93)
g
4
7

W2 -63.8 ) Gv-wdlj Send (3 s}

:v.ma.u Formadian @ @35’
T el -l S

Sards Grraval (ms&r)

< ':'- M"'q‘ Sn,ndj G\mv(—‘ (SG\)

|79 g’ S.'U,:.’ Saady Gravel (ms&)

, -
82- 21.3 S‘.JJ besvel (s&)

2 813 4y

LNAT  TO ScaLE HE
Original to: Document & Information Services, H0-09/HWIS

Distribution by DIS:" Environmental Technologies Well Coordinator, H0-02

BHI-EE-189 (02-20-2002)
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WELL DEVELOPMENT AND TESTING DATA

Well Name: 499 5 -Eifle| Well ID:_ (o7 2— | Well Location: £ /8—/p A, Groud | Date: 3/9;/03

Reference Measuring Point (unless otherwise noted):

©
5w

Has the well been surveyed? [] Yes E\No

PART.

|
STATIC WATER LEVEL:

v Last Recorded | Current
Start of Job 8.5 Measurements Measurements
End of Job 68,57 7 Date: Date: 3/¢¢/03
DEPTH TO BOTTOM: c ¢ 1 l c
Start of Job 8¢.0 7 y ,
End of Job s 87 — : N
a A AF ] AF A’
WELL DEVELOPMENT DATA B B
Pump Model 221 f301£2 02 &2& é& h Ground Level y
Intake Depth 80, $"s 7 ] ' y
Starting Turbidity: > /00 o AT/ A= A= ______L_.Z Y2
Pump Start Stop Flow Rate B / f E ¢ E /
[¥38 | (517 |37 apm | 9g7
71 C= c- O.78
Are there any reference marks on the casing strings? [] YesKNo
Total Pumped J Y3 oofins |
Final Turbidity 3.1 N7y | commENTs:

Transducer Range (PSI) 2.0 s,

/330 '7'4?60/ W¥en (D 68.5 479¢(65.5 bes)

'7’79& betbowm @ 8BS,/ S5 ¢ ?82 /é/qs)

A INSTANTANEOUS SLUG TEST

There s ~ /2 ok LI a sving, bafle
Static Water Level (TOC) Wil bail wefl, Choislrisht hoetoom (33043 ¢S
Transducer Depth Bittom aF )l sHov o be 86.3 575¢/35 3 éqf)
Baseline Start I3¥s=ifo2 mee f?no?'/mpﬁ Cloon o7 Wel
 Injection Start [for Tia ee;c/ bothom@ 86 '676C, Good

Baseline Start

Withdrawal Start

/703—194\?&::[’ ste i Q@%é ,gmem‘/vmp
1¥36 Megd = Jo42¥¢% 0

Slug Volume

(38 Start pvm,

g 7@'5‘/#é

Transducer Range (PSt)

4R Head = 9,117 o?f'drwlown)

Prepared by (print name): _Dca/e,ekc.s

Signature: ﬁ%m

Reviewed by (print name): LD. U lkce~ | Signature:

A G 27,

O CHECK A BOX: Double click the box:_sel

efa

Value - Ch

BHI-EE-112 (12/87)

A3



FIELD ACTIVITY REPORT - DAILY DRILLING Page Z of Z—
- | Date:_2/i4/03
weii: (Y072 Well Name: 5 PP S — £ 4. /<
Locaton:  //8-/O Buwra/ Grovad |ReportNo: /
Start Finish Total
Time [ 220 Time /é@O : Time Z:30
Hole DepthiCsg ___ »*/F 1 #/%_|Hole Deptnicsg ___~/F1 VA |Hole Depthicsg __ A4 1 WA
Reference Measuring Point: Casing StringNo. 1 2 3 4 _____  Rod Size:
GROUND SURFACE See Report No. 1
- Time Description of Activities/Operations with Depth
/Depth (Attach applicable drawings and document straightness test results)-
From To .
1$13] tead = 9,[13" {10] G , \ W‘ﬁ"
(5F Tn_off . ' v el
1578 Head = 10./6¢ . 99.7 % recovered.
1536 Head = 10,213 /00Dy recovered,
/53 Test # 7 (recovery) Stogped.
[533|joc| Driller ﬂ'///eo/ ot o/e'/'eﬁpme"ifPW‘W-
We/] clevefsoment 0574 welf was_ 3 Sho frankis
<‘ubmem ke purmg mm/e/ # 224&3292{ ZoZ éwne a5 (40723 deve@aﬁ
"e. (2 e Z/00 bicl ymeteryond
Orign mode [ |2 Conc/uc%w'fv me ‘béf‘/vle L.
7)6/076@/ en 7‘ry
Dcéve /o'p rkjvtf Data ,
Zun Con, Te Do ,ﬂ?‘/ (Zime. Purg Ao
|50 | — s — | — /2| T
8 1 F77 1 .7 /o | ~p IFFC | 379m
245129 | (7.0 A0 | wp (454 |3Tgem
8277|479 | 172.5 | M2 | Mp |i1507 |379m
34D — — — | — /571 |35 0]
— | ¥79 /7.7 | — | — |/5/23 |3S9em
CH | - — — | — | J&7S 3{%/‘7
Reported By: )) Jis L(/g,gk@s Reviewed By: L, D, Wa (ke
The: Geoloalst , L |0ate B/tp2\THe:  Cesloarst |Date: 3-¢- 03
Signature: W 7l Signature:

Original to: Docun‘i’en_t and Information Services, H0-09/HWIS

BHI-EE-018 (07/27/2001)
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FIELD ACTIVITY REPORT
WELL SERVICES Page 1. of 2
Date Well No.C 9072 Rig Type/Modsl Rig No. Contract/Work Order No. { Report No.
$/5/03 ea9-56-€4K _ | Pump Trock ]
Purpose } Reference Location
INSTALL  SAMPLING PUMP INTO GW MoniTORING WELL (18 - 10 Burie) Grnd,
HISTORICAL DATA I PUMP S8YSTEM CONFIGURATION
Construction Dapth 873 B - Pre-Maintenance Post-Maintensnce
Casing Size Type Set At Fump Type Redi- Fio 2
94" Sth S 35 304 42.00 -usad fume Model % HP 4w Grundbos
Casing Parfor:'tiAons Schedule ln:;val Tubing Size/Type ;/4 » v Zou
. bi P k '
Well Screents) Type » Trval Length-Bottom of Tubing to Pump intake s
0.920" Cand. , .
4" ek Se 304 uire wrap (5.5 024 TUDING Length 0.0
Last Recorded Last Recorded I:enuth-Top of Tubing to Reference Point .13’
Depth-to-Water Depth-to-Bottom -
(28, sz'ﬁ j{. 80 “roe Pump intake Set at {Depth) 27.18"
Current Current Reference/Measuring Point
Depth-to-Water Dapth-to-Bottom | B ¢ Below Grwond Su TD 3 Tetal Depth
©8.S3 'roc S.85 ‘oo [ToC : Tup of prebechue Caging
Personnai Materials Usdd
S;: :ma %m_ M. Wraspec - Driller (Bsc) 'K s ws Tr-ZedL riser (1)
m . ol
T:m: —BL T Hocking -~ Gradegist (cue) 100 W' wn wop TP Sodu riser (7)
Zh. Fom,. |T. Nebball - BTR (FH) % HP W Gevadles RBedi-Flo2 (1)
Contract Time NA M. berdoa - Driler’y Aud. (B5E) e b wole (1)
Total Time  Zhrg . 30mia - Weathar plate - 3 hele

Description of Operations/Remarks

Oboo- o3s : Po.B [ Sl ria.
=) [*)

O3S - o720 :  Teillers sat wp Yo ins.-\'-\.L\_;A_MFlfa_m.
o0 - in 4o "-I»a-:?" ia J.\_.z-rl_..‘J_M
ow«-J%geqzh Faump sed - ialeke @ SHe 'I'I.H'm (s.glo' belew cwr...lﬂu)____
joId1 - Semple pump degled @ depth
8748 - Tes} posyed : | Séal bucked in | minvle.
oT74e) - Cm..\._;;_,i makes sue¢ e-tapa ss"f.fu do ;»ss: has  neo  drauble ;_!._“_'_Lga__\_g_o_‘;_o_ux-_

0156 - Well _cam sul on and locked N-'ﬂ\ s;}:,_..\arsl well lock

97158 - e lle N do el s; of eau = witlg ru-nlj for Acu.'ﬂ-que
wolledgwn, .

0811-  Puwgp ris “hedien” dowin  and moved o Cupwz.
0§78 - G--h;,‘ﬂ ne lo%s_( needed - hgods &r L "

/5703

Report By __Iﬁn_l'[&.‘sg Revi:wed By L b Mtz (Ke r
Title _él_gg[g_g_,;r‘ Tide Beolpg st Date S-6-C3

Signature M" Signature ﬁ% M

DISTRIBUTION: White-Field File Custodian Yellow-Group Files Pink-Projsct Coordinator Goldenrod-Team Leader BC-6000-278 (04/91)
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WELL CONSTRUCTION SUMMARY REPORT

Start Date; °1\ e
Finish Date: 3 /4/0 3
Page 1 of [

Well ID! & s p~ =,

|We|| Name:, aq~S6 ~-& 4 1

Approximate Location: 1o @ iy Run! a\ @ round

Project: . ° s
Drilling Company:

Driller:

o W ras

LW, oeN

Other Companies: €\ ¢ o (5

Fo9

Geologist(s): & . Amartinez, . Hocking , D Weekes

*Size/Grade/Lbs. Per Ft. Interval Shoe 0.D.J1.D. |Auger: Diameter From to
o543 \ 5 ‘:‘/LF 3 5. o - 331(“\ 3 J'q ¥ |cabtle Too: Diameter 3 *' _From_0~- to _'
: s Air Rotary: Diameter From to
- A.R. w/Sonic: Diameter _____ From to _____ |
- Diameter From to
. - Diameter From to
*Indicate Welded (W) - Flush Joint (FJ) Coupled (C) & Thread Design Diameter From to

Drilling Fluid: & \ &

Total Drilled Depth; %) '

[Hole Dia @ TD: 5

Ll

Total Amt. Of Water Added During Drilling: ne n-@

Well Straightness Test Results: P,

. éoﬁe (type)

ASSED

Static Water Level: (%.53 '

Sondes (type)

Interval Date Interval
Spectral Gamma _o - _85'] 2/20/03 -
Newbron- Moistyre| O - €47 2/21/03 -

Mesh

Interval

Size/We /Material Depth Thread | &% Type. roerierval - [volume | Moot

4" gch 054 Te- B0dk Sep M!.'_-"_'__‘L il L Colorads Silice, Sand _!'_'__i"_'i_f_ 1] baas [10-20
4" el oFs TP-304L waet scau| 85D - 03.92 | o~ o0 |Besdenile Pallels S115 - 5% 13 ey %
4" seh. safs TP- 304 Riser G352 4200 | NA ankeai a 2% - wis' g baas [NA
' - Porkland Cement wis' -0 |5 by [3/m

Date:

Well Decommission:

Description:

|85 2

Aquifer Test: W\ g14 DEVE LOPMENT Date: 3/¢d/o3

Description: P, A M Lee "N wmin, and
Gtr_Sor |6 min. ; Fiaal Tych = 2. and con

Protective Casing Elevation:

™ vl

1.8 _- «
_g.«lzsf-L’

Washington State Plane Coordinates:

Brass Survey Marker Elevation:

bvelea:
H 7o =

0.l

Reported BY: Tess Hhcking

Te: Geolog,'st

Signature: % W Date: 3/3/63
Vd

Original to:

Document & Information Services, H0-09/HWIS

Distribution by DIS: 'Environmental Technologies Well Coordinator, H0-02

BHI-EE-181 (07/27/2001)
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Start Date: 03119103 [page: L of |

WELL SUMMARY SHEET Finish Date: 373 /o3
'Well ID: & o3 'Well Name: LAG-Sp-EHy
Location: |,\@-10 Bunial Grouwnd Project: « y 2003 CERELA G w0, W\ Arillin
Prepared BY: Tegs Hecking Date: 3 /g /ox Reviewed By: LoD, L e r Date: z-4 032
Signature: Signature: =R o Lrml
CONSTRI ION DATA GEOLOGIC/HYDROLOGIC DATA
Depth in .
Description Diagram Feet Gr:g;m Lithologic Description
" $3 ; . - P N
Y~ gch. .of; TP- 3041,4 Symp i : : s O~t. 85 Rackeill (gcugg}_&\mql)
8.53 —» 78.53 ¢ 583 Vil LS =20" Samd (s)
;S;g B \avford Goeenats
w BIALA yNAA™D )
. ARG T CANT. N d ;:_{IM.
¥ sel. .08y TP- BoyL WEuRer s, Ha ryny \”l'_j‘;?q_g;\{-'
78.63 —> (3.52' A :ffa R
e lidd it i/ q{.‘.}
V¥l ,,//) .':..* N » LR + ﬂ -
S5 ;:;;’ it | 20 o —aHS 3¢ v
“ 3550 5% i
$" sk, o5, TP-304id Riger _i;’{;’ $] : Cms6)
(3.52 - +z.00' 7oy Kiry Hou.5 %397 v
5,;/, ,'r:, - rd
;::;,f ﬁ;;ﬂ . - g gravelly §
H s Vg ¥ -
i::fij 4% {32: 5 °44.5 51 13y Sardy
AU :; 4’: 7 " - o\
jeinle AsAd | vo L )
2ihd Pk 3 ’
10:20 Colorads Silica Sand Feod i bed 44.5~54.5 éRAvE
H ’ LY
aoe =+ g1.s’ faad |1 (a0
H o riA /N
.t' 'zt : e A
4" Boadenike Pelleks “ ad

5115 - 5090

% .
1 e
Wyoming Banleaile Ceom i .Ha‘-vé.:r_:gﬁ%\_e&mw*_(s_@
' ] L. 7 -
se.90' > s A S -5 © Shnp (§) _
S 4 /
: Zhng - it B v
-ra'?g 'I[Il ?’rllud glm"“‘ ! 3 80 7 N - LMS )
uas' =+ o _ BN e~ a1 sand, GRAVELEE)
by ¢
- ™=y bg‘s
0o - :
INOTE ;AL TEMP. cAgiNé ] BIW = 3.5 B4y (z/28]03)
EMoy RS R Oouns —
s FEET ]
BELoW &GRouwp SURFALE NOT_TD _SCALE

Original to: Document & Information Services, H0-09/HWIS
Distribution by DIS: Environmental Technologies Well Coordinator, H0-02

BHI-EE-189 (02-20-2002)
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rage t ov

‘ Ké/@b'f / oF wey .
WELL DEVELOPMENT AND TESTING DATA Dev¥Teskiny
Well Name: /4 ié'EW—-I Well ID: (Y073 |Well Location: 0 Date: 3
Reference Measuring Point (unless otherwise noted) Weals

Has the well been surveyed? [] Yes [ No

Does the well have a cement pad" B\Yes D No

STATIC WATER LEVEL;

7 Last Recorded Current
Start of Job é é . 39 Measurements Measurements
End of Job éé’l./.o ! Date: Date: 3/‘6/03
DEPTH TO BOTTOM: Cl F l c
Start of Job &39°
End of Job - f - u
— 92.9 A $ ] [ A
WELL DEVELOPMENT DATA B| - B
Pump Model 2243025202 Frankin y y _Ground Level A 4 y
Intake Depth 8055 / p
Starting Turbidity > /og 0 MTU A= A= 2 ,30
BumpStart | Stoo | FlowRate | {1 g /. 30"
03L | 0925 |39 gpm /00"
03 11119 |Zogem]| °* ] O
)

Are there any reference marks on the casing strings? [] Yes ELNO
Total Pumped 2805 qf//&&f‘
Final Tubidity 2, 63 /() | COMMENTS:
Transducer Range (PSl)  zo.0p: |Odm- 0D/ 53 Peets 2ol

26% — ﬁweo/w,@éw?ém,ﬁeﬂﬁhﬁw

" INSTANTANEOUS SLUG TEST

/5 839 s7‘c. Aere [s 0.8 oF £l 1 Fymg, bl

Static Water Level (TOC) ﬂfoc'eec/ .,é rastoll Cﬂ_pg@é&tqf/\/nﬂ
Transducer Depth 705’ — S :5,5,5//# Z-4bp ém/gﬁeigw.z
Baseline Start | Zrhabe set@ 8055 4Toc
Injection Start Tnitial hesd = +54622/2.65¢
Baseline Start 080% _Sterted pvmp 4ot /efkr were evepmhere
Withdrawal Start “Toritin] hoad = /2 687"’
Slug Volume 0811 Starkd 45 Hen stopped 4
Transducer Range (PSI) 0B|Y Starded +est#2 (p(/mp /vnﬂmﬁ///éam)
Prepared by (print name): /" (/ee /éej Signature: W
Reviewed by (print name): 7 wq,/ke,f Signature: " M_

HECK A BOX: click the box; select *Default Value — Checked"
BHI-EE-112 (12/97)
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FIELD ACTIVITY REPORT - DAILY DRILLING Page 2 of ¢f
Date: 3/:_/,/03

welD: L ¥p73 WellName: §99—SG-£ZeLy
| Location: E; /B0 Bw’r'? /6}’6 v o . |ReportNo.: /
Start Finish Total
Time 40 O Time /302~ Time 702~
Hole DepthiCsg___ A/ZT WA |Hole Depthicsg A A |Hole DepthiCsg VA 1 VA
Reference Measuring Point: Casing StringNo. 1 2 3 4 ___ Rod Size: /1/,7—
GROUND SURFACE See Report No. 1
. we /] DevelopmenT-
ime /Depth Description of Activities/Operations with Depth
(Attach applicable drawings and document straightness test results)

From To

0236 Head = £ 795 7 (5892 drawdown)

0848 Head= ¢.627°  (6.06" lrandouin).

9901 Heedl= 6.337" (6.357 drawdown)

0?18 Head = ¢ , ) 757 (é.{/z’ A rawclorin)

0922 thad= G. 1067 (65817 dravdowny

0925 fﬂeo[ pimpids test¥2 . Starfed wecvecy (dess*3)

}%mpen/ ~ 1-‘7"‘8§= Sons., Total oF 7/ MNesd ,
0932 Pt/mpwm%r ek Adriven ofF si¥e
012 79 4% recovered, Head = /12.6%! "
[0(8 | /p 32’ L. ét/a/ker'wqu S (‘FH)(// s S Rfe, M//,ﬂl/mﬂézem%& i
1952 Purae ﬂ/?trﬂ%cé on srts.

[{oo dead/ = /12.658 °
o3 )’-krf/mﬁm? Test F¥ strrted. fimp'ns@20 gpn.
/167 Head ="10"C 15

il 7‘7‘0/@1960/ pump , Storfed recovery Test #.55 [t (Ve .
/122t Sledf = 12, (55 7

1124 Stegpecl recovery %rf(#ﬁ Pecovered 9. 9% .

126 Aulled ovt trenselvcer,  Driller STords rereving dev. prmp,

ﬂn;ge‘/ ~ 320 9?//»15‘ Tt/ o /6 mnvkeo.

W (7% 3
fd—ﬂ/ 'd

Reported By:  TDC /W 6@/(&5 ReviewedBy: £ b, (Mo (ke r
Tile:  Geolgg st ., |Date: :,:'/717/07, Tite:  Ceolog st |Date: 3- ¢- 03
Signature: ;j%‘s W&. ' Signature: ﬂﬁj Celeiln v

Original to: Dd€ument and Information Services, H0-09/HWIS

BHI-EE-018 (07/27/2001)
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FIELD ACTIVITY REPORT - DAILY DRILLING Page3 of 4
Date: 3/¢4/ 02
welid:  ( %p73 WellName: & 99 —SE—£ L1
Location: &/p~/2 B/ ral Grovre/ Report No.:
Start Finis| Tota
Time /VA Time Mﬂ Time M
epth/Csg / |H pth/Csg / Hole /Csg /
Reference Measuring Point: ’E:asing StringNo. 1 2 3 4 Rod Size:
GROUND SURFAGE See Report No. 1 el Developme 41
Time Description of Activities/Operations with Depth
/ Depth (Attach applicable drawings and document straightness test results)
From To
wel/ .DeVe/o/ynrerﬁ‘ £9wﬂmm7‘
Pumrg: frankfin Shetric F /na Mode /¥ 22 43025202
P 230 vols 345C rjﬁm
(97" Lo bottom +o n¥ate
HWonoring €ovipmenT’ i}
tach 2/20P Torbidimettr 4.
ﬂ%—%%wﬁd nofuse
Drron Mode [/ A c’gna@c/q/nfz e for A&r’;ﬂ
Eeror—piteds £/ 290 A ﬂ%@é—- oLl n ' wlork
ﬁVM/mc# 2t _—
Zuok (1) | Zeye (€] | Do (rytl) ﬂ#/ et Tme. | B Pk
> leog (71 (23 | MR ' logid| 35
2 | 515 | 158 | wMD ND 083¢| 35
952 17 | 17.0 AD ND O8HA| 3
jo.2-| 519 | 16.8 /D ND 085Y% | 35
(231 5719 | /6.1 /P | ND  logz| 38
[z? | 523 | /7.0 MD | NP Jjo% | zo
627 | 519 | 17.3 NP | ND 1113 | 20
253 518 | j724 | ND ND_ 17 | =zo
Reported By: D C‘, Lf/ec;kei Reviewed By: LD UhlKer
Title: (ig‘ay,'ﬁ , ‘Date: 3/%/03 Title: éco[oa rst |Date: 3-46-03
Signature: wg 7 Signature: /@M

Original to: Document and Information Services, H0-09/HWIS

BHI-EE-018 (07/27/2001)
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FIELD ACTIVITY REPORT - DAlLY DRILLING Page # of tiL
Date: 3/%/03
weliD:  1¢n73 ' Well Name: £9F-56-E0e
" | Location: M -/ Burial émvnd Report No.:
Start Fini Tatal
Time Time /'%//’/ Time M
Hole Depf/Csg / Hole epth/Csg / Hole DEpth/Csg /
I.'\’/eference Measuring Point: Casing StringNo. 1 2 3 4 Rod Size:
GROUND SURFACE See Report No. 1
, /”u/” TnstelleFTon.
Time /D Descrlptuon of Ac t|es perations wnth Depth
epth (Attach applicable drawings and document straightness test results)
From To
Cosrrg Sise 47 Tipe 30 steinless stkel
el screen : 0.020"cont- wire wrgo Streen 63.5 —78.5 ’ é‘g
Cvrrent o/epﬂ bweter . &3 b Thos (664 7o)
Constrvefion a/em‘—»{ 815 595‘ Cbottom o‘PS"V»;g)___
Current dopth © britem’  80.0755s (23 2k
Amp Tipe tloZ with shroud (/s, hp) Grond's
Porip Place(: P/ __IA]07303
Tohing Siee fHype; S5 3 B schtes Type 304
Lem#’bg%n o ’ﬁ///wt/q i) pLurp (ntoke . 0.96 7 (lac. Spud)
Lenald - - p o Fbing Fo f“C'F'p'f
Zvbinz /en«ﬁéf 050" 4o top sFprot-casing
Bom Lo set of o/e,m‘»{ 73 "bgs (74 é'ﬂ:c)
[2{2 ]L§'7L nstolled S;mp/m»? /0!/"*110 TEGon e on —%mcc/s-
;{; /"’ t/mépe_‘;a/ 4éot/7" / ‘?g//an af a/w‘e., (/Sme SgmPling purp.
/ Z00 Able to 723 W?‘ﬁ:‘r L4/ Lhirovz24, pump plate..
/3021 Driller is~ movng Jorip fc#m 2l ot ~tha wel/.
Lle /! is c,omfg/ev{a. /‘701//»4,9 %o C¥o72. 7P docon prpe .
A% (A
J—
Reported By: 1D [ifec fes Reviewed By: LD Ll ke r
Tie: Geolps isT |Date: 2/4£/03 [Title: beolog sd [Date: 3-6-03
Signature: %M@ C Signature: _=2> W%
Original to: Document and Information Services, H0-09/HWIS
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WELL SURVEY DATA REPORT

Project: Prepared By: Neil P. Fastabend
Company: Fluor Federal Services

Date Requested: 03/10/03 Requestor: Chris S. Wright (FH)

Date of Survey: 03/19/03 Surveyor: Fluor Federal Services
Survey Dept.

ERC Point of Contact: Survey Co. Point of Contact:
Grant F. Brazil, P.L.S.

Description of Work: Horizontal Datum: NAD83(21)

Civil Survey of 2 Groundwater Vertical Datum:  NAVDGE
Monitoring Wells. : Units: Meters

CACN #118147 Hanford Area Designation: 600 Area

Coordinate System: Washington State Piane Coordinates (South Zone)

Horizontal Control Monuments:
400-3 and 400-4 (FFS), N323 (USACE)

Vertical Control Monuments:
Q323 and R323 (USACE)

Well ID Well Name Easting Northing Elevation

C4072 590867.37 | 121626.77 Center of Casing

735.077 | Top of Casing,

N.Edqg
134 348 rass seurvey Marker

Top Pump Basepiats,
135.083 | § e

Notes:
Unable to access top rim of casing to stamp “X" due to Pump Baseplate.

Surveyor Statement:

|, Grant F. Brazil, a professional land surveyor
registered in the state of Washington (Registration
No. 22326), hereby certify that this report is based
on a field survey performed in March, 2003 unde-
my direct supervision, and that the data contained
here is true and correct.

Qrigihal to:
Distribution by DIS:

A.12



WELL SURVEY DATA REPORT

Project: Prepared By: Neil P. Fastabend
Company: Fluor Federal Services

| Date Requested: 03/10/03 Requestor: Chris S. Wright (FH)
| Date of Survey: 03/19/03 Surveyor: Fluor Federal Services
. Survey Dept.
ERC Point of Contact: Survey Co. Point of Contact:
. Grant F. Brazil, P.L.S.
 Description of Work: Horizontal Datum: NAD83(91)

Civil Survey of 2 Groundwater Vertical Datum:  NAVDSS
Monitoring Wells. : Units: Meters

CACN #118147 Hanford Area Designation: 600 Area
Coordinate System: Washington State Plane Coordinates (South Zone)

Horizontal Contro! Monuments:
400-3 and 400-4 (FFS), N323 (USACE)

Vertical Control Monuments:
Q323 and R323 (USACE)

Well ID Welli Name Easting Northing levation
C4073 590915.84 | 121654.35 Center of Casing

134428 | Top of Casing,
N.Edge
133.725 Brass Survey Marker

Top P p Ba late,
T34.434 | To s Sesspias

Notes:
Unable to access top rim of casing to stamp “X" due to Pump Baseplate.

Surveyor Statement:

I, Grant F. Brazil, a professional Jand surveyor
registered in the state of Washington (Registration
No. 223286), hereby certify that this report is based
on a field survey performed in March, 2003 under
my direct supervision, and that the data contained
here is true and correct.

Original to:
Distribution by DIS:

A.13



Request No.
Fluor Federal Services SURVEY DATA REPORT 032-170
Project Title File No.
Well Locations / C4072 und C4073 6ATIIR28
EES Job No. Prepared By Date Reviewer
3/20/03

65400851.1180580 / DB0O | N.P. Fastabend M 10f3

DESCRIPTION OF WORK DISTRIBUTION SDR | PLOT | DWG

Surveyed Welis C4072 and C4073 for horizontal and vertical Survey File OR

location per Statement of Work tfor Civil Survey of Environmental

Characterization and Monitoring Wells. C.S. Wright !

Horizontal Datum: WCS838/91 (meters)

Vertical Datum: NAVDS88 (meters)

SURVEY RESULTS AND COMMENTS

See Attached Well Survey Data Report Sheets

A-6002-199 (5/97) KEF082

A.14



Appendix B

Geologic Descriptions and Sieve Data



BOREHOLE LOG P A5
' Date: galonlex
WellID: o youo |Well Name:r qq- 54 - 41 Location: ¢ \q .0 - Rupria\ & re A
Project: ¢y 2p00% CEreLd (mowo wel\ dvi\\ng, Reference Measuring Point: (oo surmlice.
Sample ample Description Comments:
Depth Graphic ‘ . . —— Depth of Casing, Drilling
) Type Blows |  Log Group Name, Grain Size Dlstrlbuthn. Sqnl Classification, Co.lor, Method, Method of Driving
; Moisture Content, Sorting, Angularity, Mineralogy, Max Particle
No. |[Recovery . Sampling Tool, Sampler
Size, Reaction to HC! Size. Water Level
" «i
o STE [/ ‘Z@%o 1.5 RagkO W nateriol, Cru_s\rgw\g,m.w\ Cakle tpol usiog ks
—fa |4t ) S : olp delvg vgreel.
- '2’."“5.5": L5 — 227 sanple) 1907e . Rd-ucse
- r:.i Meles
- ':f« ‘4;.3,- '.\; ﬁ,‘qh baga Y& Con~ewT (70‘/0)| 30°/a ﬂrtz”leng
Lt '
5 = ggg?rﬁi’g;ftrn\u Suo roud~ rouavyd %mua\ (%), G 5’9 cchioe
- P®B M AR D2 (Uery dark acauizh brown) meldt.
q bt X oy LR
- = gl No v WCY,  Ood. Spried
- d §§ 5/ bss samd 3 Ro'lo qum‘f’l..' 0%
- ¢ 1Ll sica,  MNode rodel, socted. 9 a(.a wed, lemmb 1o archive
o 7 apo spaves, 45770 yese. Nk Yok
eoalo
- 2‘%_ v o st ) Novexn XCY,
2 gy
."; ” b 2’
- Hlon - 23 aravelly $anD.CaS) 25 /0
i a:Q - \
- ) 1o} A
W5 z 4"0 *] wolasones ntt)&\riq'nar' [ othe e pneto mprPiies, Gomp \‘5/3:@}.‘;&,“.__ :
- le:; " — \ +0 blobe s
N :
- 2 i s o n ramvcae
- i ="":1_%\:mnﬂ_.l.9_:w_md Ho'io cse, 80’y v e,
firy &+ 2.0
- X i q‘{_,mm&;_%pw a]‘t.z,/d‘H\-Cr. \ONR 32
. 4 it .
W —rEap—] e : ~ oist rin WA Goaw 20 aceintia ]
oo
q 2 i - " -
- ._:2}"‘.2‘. ;g.gdg ‘;&ﬁ Qé-L (sé \ 5‘5./0
- : o7 WY 50 Brak 28" arehiue
- < P\ 3°%) wigt2\_lfo.s st (Abley) |
1% Y Yl Cad c. ~ o stav Oz liolos
- ST 3. _ . 3 ” 7 N NG
4 "z u -'-1"2"3'3‘-’.".’5'3:- ve rain 0 X .
L~ ety
- D .‘7:‘.:':;5,":{:‘-:"\0 Xy Yy y 3
- \/ “i' §$: Migacecordg
Reported BY: ¢ \\o. vene Iraastingz Reviewed By: LD WalKer
THe! G eplpginZ Title: Cenfog s f
Signature: Mm_a“’\/\r\m |Date: 2/,0/,3 Signature: ﬁ@' M |Dats: 3-¢-03

BHI-EE-183 (12/97)
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BHI-EE-183 (12/87)

B.2

BOREHOLE LOG e d- o
Date: o2l 1d V0
WellID: ¢ up 5 [well Name: | aq- 5/, ¢k Location: 16 -0 Busial 6 caund
Project &\ .00 ¢85 RECLA e\ v i\ina Reference Measuring Point: ¢
Sample Sample Description Comments:
Depth Graphic o - . N Depth of Casing, Drilling
.(EZ) Type Blows Log arqup Name, Grain Slge Dlstnbutnqn. So_ll Classification, Color, Method, Method of Driving
oisture Content, Sorting, Angularity, Mineralogy, Max Particla :
No. |Recovery Size. Reaction to HC! Sampling Tool, Sampler
. ! Size, Water Level
o8 N\ == P ’, &
30 o - 3 C ) :
ool \ A
~| b8 %m&mwﬂ deive bacrel
v Y
-7 e T i ~u', S 30 acthivt
- vy cee ﬂm"”‘d mod - S0 ctod 22°%0 med
L ] o °
- Hds m cme, 3§ /o vos€ L0 /o bastaYt, Y3 /p
38 | . : : oo 38 acchive
- ::U?z.’ '..-wl'no rxn. el
rd
- .5/-—33 Sawnd ~ GERUEL(S&) w2’/
- el q{NVL\' 35 0 sand, S 7o 311t f—:mwg\' SR8 Gfghjm_
B sk,
(v} IR -..‘ _ - W
4 o= :?%E o s Am. QT ok
-| D u SR - -vese grai X8, Y@ \oac kgeaurd.
2 ek %
- ;{T A e, 20%0 med | 5&‘[0 cse, A;'ofb vese.
- o%s wo? o T
- . SY A o\ own (mo'uét) “.
N/ \/
us el | No v VN
- , o o
- 3~ 407 SAn(s) @8 /o sand, S/
- sFav:\. (5‘:.,1;5 EQSA\‘bIL’SK-Sﬁ -
- | Sortied pmos e, Sand, mod Sorted, meve
50 qeained, S&-9@ 80 %abosatt. V5% med,
- a‘\(’ 4SS cee, 0%l yese, otra\l Yok
— (mg;}'c) NOo v AN \A'{‘ ]
r 4 o
- Np - 45 uhml-&\\;:\ sAnD (28) a5 70
v
58 — Sond . I3 & l;;\r-\\/-k\ Cr-w-l.-\' waod ~speteed
- - ~Arg i .
- ~5 - i 2° alt, ool
[ e
-~ C3ics, ST rmed Us coe WO fovese, tNRa
- lack  me.ST, np ren WL,
Reported BY: ¢ vertena Anpartinet ReviewedBy: [ 4, Wh/ker
Title: Senteqiak Title: loc0 /03 Xes - |
Signature: ¢ go c0 A = ‘Date:oh\m\nl Signature: /f&% |Date: 3- 6-03.




BHI-EE-183 (12/97)

Page 3 _of 5~
BOREHOLE LOG _ . Date: o3 \‘0!23
Well ID: c.do1 2 |Well Name: A9~ St~ E4K Location: L\8~ 10 Quria\ fround
Project: ey om0 3 cf@ i o2 del\\Ig Reference Measuring Point: Crourd SucCacs
Sample Sample Descrlptidn Comments:
Depth : Graphic | Group Name, Grain Size Distribution, Soil Classification, Color, Depth of Casing, Drilling
(Ft) Type Blows Log Moisture Content, Sorting, Angularity, Mineralogy, Max Particle Method, Method of Driving
No. {Recovery ’ Size ,R eaction té Hel ! Sampling Tool, Sampler .
' Size, Water Level
D\ A > ° Iq
3 " 45T 43’8\ W, S z ‘ S ais Yol using 5
- .2 l;u ° 0 ° P v dedve oarve) ]
- ) ~&t ~ | ol 45%archive
- ” e -sA -
- B - veae, geoined, 20 ‘o wRa-£n "tu’ha‘s
50 ARSI 1% el ;5’& cae, Sfo vese Tract,  [B.m.@ev o,
- SeEbY - R bhies. . 3:*‘@.b&§5-q.tm
] L4 4
- Y / ¥ o /o, cXN Gealo SO gerchiv
- {inAR 412 daek groyishlbcawn (mpisg)
1 - ,
5% \/ 4= £ qeavally SONDNS) 25% gravel Sral 55" acohiue
- 28 % t SE~SA,
pu— . ! | R "
- | Send , S8, wad sar*td ned— v IR,
- _:?.S_Q_ma.e'_._:is_n_ux 400 v e, A 4
o0 — WwYRAlY £ ot ]
- 0o cxn HCY
’ A r:
- 52"‘5" .iagﬂ# CRAVEL S G) 45 4 argw(;
[ JE G ‘ '
— Si é agna :ﬂ!!‘s §g ﬁﬁ m~;gch_d, g“:ln
-~ . o
5 — P > 4 P
- A 5%, e L wd
. -’
— - ~ s
0
- 5% cge Mol vese, AW bgglt W ‘u&-d
- lother, Toece callohe ~trace mica, \oNRY g\euck
0 — Mo 3T, fip rxin HCL.
‘Reporked By: C.\ \g “n ting 2 Reviewed By: L. D. Wer / /(e_ r
THO: Coogtog: 5T T Geplng /ot
Signature: . Dately 2 | , Signature: w M lDate: 3-b6-03

B3



BOREHOLE LOG Page 4_ of 5~

Date: o2 \10l03

Well ID: e oy lWeII Name: »qq- gl -ga ~ |Location: ;g 1> Buria\ 6 nd
Project: ¥Nom cgectd 6 .w.wa\ldri\\ing Reference Measuring Point: & vaund Surxe’
Sample Sample Description Comments:
Depth Graphic Depth of Casing, Drilling

Group Name, Grain Size Distribution, Soil Classification, Color,

Ft) | Type | Blows Log | Moisture Content, Sorting, Angularity, Mineralogy, Max Particla

Method, Method of Driving

No. |Recovery " A Sampling Tool, Sampler
Size, Reaction to HCI Size, Water Level
Y wsi N
[T M—Q\‘%ﬂ o
~| D olD 1 ~
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- £.0.5, S
3 - , @ P
- Ealsn g’ w2’ SANDLS) 95 % sand, 5% |stact calnlos
- v \ - Y '3, !
W5 e o . Sa -~ Gealo &5 archive
D“; | T8 o
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2 ) . N /]
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g 2, -1
[} g r ’
no A Rz wa s acavel anls), simitar vo |->9"
_n._%_ i g. Qrave 4 SAND LY -
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.g‘i’;!: 55" damerigtion  excepT OcasSional sobbl

q '/ [ [ A
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| >10v
%
- \ 2 "Si‘f; =
pry e 2 : Io. \+ ) 4 s
seB e  ROPE S - g S 5”7
80 —'mv VOO /o i _bm\t Sentent ¢ 20% . Se\sice eo’«:-l- - T
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Reported By: Crarient Mactinez Reviewed By: L. O, Wa ller
Title: (e x (og: 5% Title: Geodog st :
Signature: ro Date: vz ) 1 o(a3 | Signature: 574 ﬁ M |Date:‘3 / 4 / 03

BHI-EE-183 (12/97)
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BHI-EE-183 (12/97)

Page S_ of §
BOREHOLE LOG Date: OE‘V\IO3
WellID: @ w05 2 lWeIIName:! A9 -Sla- EXC Location: ,\g. 0 Bacio\ Ecound
Project &Y s CERCLY Guo. we\ 3¢ \ina Reference Measuring Point: ¢, round Sgv-face
‘ Sample Sample Description Comments:
Depth Graphic . . . e Depth of Casing, Driliing
L) Type Blows Log Gro_up Name, Grain Size Dlstrlbuthn. So_ll Classification, Color, Method, Method of Driving
S Moisture Content, Sorting, Angularity, Mineralogy, Max Particle :
No. jRecovery Size. Reaction to HCI Sampling Tool, Sampler
’ Size, Water Level
[=11¢]
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- ‘D}B . Fl .
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-—_ “g g\"-\%'tsh broedn (m.a‘.,ﬂ.) No fxn B,
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- S ’ A \ qrav.p
v )
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-
- s
[v]
- ¥
Reported By: Cacions YracT! e Reviewed By: L. D Wl Ke p
e Gealogiax Title: beolog st
Signature: § § . O . A PG' ‘Date: oztulez Signature: /é‘ M iDate: 3/5 /03
AN
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nc.

SIEVE ANALYSIS

SAMPLE# __ S6-E4K-67.0 |WELL ID# C4072

Dave Weekes |[PHONE

02/13/2003

IDATE

372-9350

COMMENTS

g BI2|8IS[R|B (2| (8|B|S
wmmww941ooouu
(4]
ole|e|v|e|o|=|8|s| < x|x
® Z(8|8/5|5(%| 8BS |~ |~
g
oIS E M HEIN R R
G EHEENE R
w<
2
%R
ESENRERARENE
SEl | RVEREERER
28
ww
Ao |3 |o[X[2 S
FEsEFEEEEES
2o
3
o
o

SAMPLE

WT (@)

Sieve Analysis Data for Sample S6-E4K-67.0

Bujssed Juealed

0.01

0.1

Grain Size, mm

Sandy Gravel

Comments:

All data are accurately and completely recorded.

Checked By:

Date:

B.6



COMMENTS

Grain Size
(mm)
38.10
19.05
9.42
470
1.98
0.83
0.42
0.25
0.150
0.074

100.0
100.0
87.9
711
57.2
46.4
24.9
17.4
12.0

%

nc.

0.0
0.0

12.1
42.8
53.6
60.7
65.1
751
82.6
88.0

RETAINED | PASSING
28.9

SIEVE ANALYSIS

0.0

0.0
194.1
688.2
863.4
976.8
1047.7
1208.6
1329.5
1417.0

464.4
Sieve Analysis Data for Sample S6-E4K-79.0

CUMULATIVE | % WEIGHT
WEIGHT(g)

1.5"

3/4"
3/8"
#10
#20
#40
#60
#100|
#200|

SIEVE

SIZE IN.

WT (g)
1609.40

SAMPLE

Bujssed juedied

0.01

Date:

Grain Size', mm
B.7

10.

Sitty Sandy Gravel

Comments:
Checked By:

“All data are accurately and completely recorded.



BOREHOLE LOG

Page _\_of 4

Date o 3\ wlln

BHI-EE-183 (12/97)

WelllD:e. apn s [WellName: ¢, a0 g0 - geti  |LocElion (g -1p @cial Goaund
Project « 4 2083 CERLLA & us . wal\dei\iag Reference Measuring Point: ¢ coaund Surface
Sample Sample Description Comments:
Depth Graphic e P i — Depth of Casing, Drilling
L) Type Blows o Grc.vup Name, Grain Sl;e Dlstnbuthn. Sc?ll Classification, Co_lor. Method, Method of Driving
Moisture Content, Sorting, Angularity, Mineralogy, Max Particle g
No. |[Recovery Size. Reaction to HCI Sampling Tool, Sampler
' Size, Water Level
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Reported By: Lhaclend Macking 2 Reviewed By: 4 b. We M’ef'
L T e—— Title: Geolpa,'st
4
Signature: Qm\iﬂmﬂ - IDate:oﬂ wa\o.3 |Signature: 729 Lih |Date: 3-{-03
: X
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BOREHOLE LOG ree 2 o =

Date: 55118103

WelllD: o 4p32 |well Name: (, 0.5 4, “ENL Location: ¢, 13 -10 Bunrial G round
Project: oy 200> CERCLA 6., A dong 1\ Reference Measuring Point: G round &, rfac
Sample Sample Description Comments:
Depth Graphic Depth of Casing, Drilling

Group Name, Grain Size Distribution, Soil Classification, Color,
(FL) nge ReBc]:z‘:: Log | Moisture Content, Sorting, Angularity, Mineralogy, Max Particle
' Y Size, Reaction to HCI

Method, Method of Driving
Sampling Tool, Sampler
Size, Water Level

LB [ alvn [@EEY . o
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"M-o‘ns-H&H-Wl PRt v, daeke %\ME:Sh boawn wnisl Y10 eanm H L
-l o | OIA N3
[aeale_mot ] " ’
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Reported BY: & \\ o Ao ne WAt nez. Reviewed By: c [ e r

Title: i Title: 6@0/03 {‘S}L
Signature: ' Date: o 3\ \8n 3 Signature: M M |Date: 3-¢-063

BHI-EE-183 (12/97)
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age of 4
BOREHOLE LOG T

WelllD: cuqo1n lWelI Name!; qaq.-5 4 - £4du Location: p42 2 0 C Aq
Project: ey 200> cpeciw @ as.wal\ 3ei\\Mng Reference Measuring Point: () 4. st(:m
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Grand Junction Office corablivhed 1959

699-S6-E4K (C4072)
Log Data Report

Borehole Information:

Borehole: 699-S6-E4K (C4072) Site: 618-10 Burial Ground
Coordinates (WA State Plane) GWL (ft): 655 GWL Date: 2/20/2003
North East Drill Date TOC® Elevation Total Depth (ft) Type
N/AS N/A 2/20/2003 MNA, 87.3 Cable Tool
Casing Information:
Outer Inside
Diameter  Diameter Thickness Top Bottom
Casing Type Stickup (ft) (in.) (in.) (in.) (ft) (ft)
Threaded Steel 11 3/4 10 3/4 1/2 +1.66 88.0

[The geologist was the source for the casing information and all depths.

Borehole Notes:

Zero reference is the ground surface. This borehole was logged through the drill pipe. This borehole is

located approximately 40 ft southeast of the 618-10 Burial Ground.

Logging Equipment Information:

Logging System: Gamma 3E (RLS-1) |  Type: 70% HPGe
Calibration Date: 10/02 Calibration Reference: GJO-2002-386-TAR

| LogginJ Procedure: MAC-HGLP 1.6.5, Rev. 0

Spectral Gamma Logging System (SGLS) Log Run Information:

Log Run 1 2/Repeat 3 4 5
Date 2/20/03 2/20/03
Logging Engineer Kos Kos
Start Depth (ft) 0.0 86.0
Finish Depth (ft) 86.0 77.0
Count Time (sec) 100 100
Live/Real R R
Shield (Y/N) N N
MSA Interval (ft) 1.0 1.0
ft/min n/a" n/a
Pre-Verification CE101CAB CE101CAB
Start File CE101000 CE101087
Finish File CE101086 CE101096
Post-Verification CE111CAA CE111CAA
Depth Return
Errgtr (in.) 0 1low

Page 1
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Log Run 1 2/Repeat 3 4 5

Comments See logging None
notes below.

Logging Operation Notes:

Zero reference was the ground surface, and the borehole was logged through drill pipe. Logging was
performed with a centralizer installed on the sonde. Data were collected using Gamma 3E, HO 68B-4330.
Pre- and post-survey verification measurements for the RLS employed the Amersham KUT (K, **U, and
Z2Th) verifier with serial number 118. Fine-gain adjustments were made after files CE101020 and
CE101080 to maintain the 1460-keV (*"K) photopeak at a pre-described channel. The bottom 2 ft of this
borehole appeared to be mud (higher count rate).

Analvsis Notes:

[  Analyst: | Sobczyk | Date: | 2/27/03 | Reference: | GJO-HGLP 16.3, Rev.0 |

SGLS pre-run and post-run verification spectra were collected at the beginning and end of the day and
compared to the control limits established on 12/05/2002. The verification spectra were all within the
control limits. The peak counts per second {cps) at the 609-keV, 1461-keV, and 2615-keV photopeaks on
the post-run verification spectra as compared to the pre-run verification spectra for the day were stable and
between 1 and 3 percent of one another.

SGLS log spectra were processed in batch mode ugsing APTEC SUPERVISOR to identify individual
energy peaks and determine count rates. Post-run verification spectra were used to determine the energy
and resolution calibration for processing the data using APTEC SUPERVISOR. Concentrations were
calculated in EXCEL (source file: G3Eoct02.x18), using parameters determined from analysis of recent
calibration data. Zero reference was the ground surface. Data were analyzed using a uniform casing
correction based on a casing thickness of 0.5 in. to a depth of 86 fi. This casing thickness was measured at
the wellhead. A water correction was applied to the data below 65.5 fi.

For the T0% HPGe detector, dead time at background count rates varies from 2 to 6 percent, averaging

about 4 percent. Dead time corrections are required when dead time exceeds 18 percent. As the dead time
did not exceed 18 percent, a dead time correction was not needed or applied.

Log Plot Notes:

Separate log plots are provided for gross gamma and dead time, gross gamma and volume fraction of water,
naturally occurring radionuclides ('K, **U, and ***Th), and man-made radionuclides. Plots of the repeat
logs versus the original logs are included. For each radionuclide, the energy value of the spectral peak used
for quantification is indicated. Unless otherwise noted, all radionuclides are plotted in picocuries per gram
{pCi/g). The open circles indicate the minimum detectable level (MDL ) for each radionuclide. Error bars on
each plot represent error associated with counting statistics only and do not include errors associated with
the inverse efficiency function, dead time correction, or casing comrection. These errors are discussed in the
calibration report. A combination plot ig also included to facilitate correlation. The *'*Bi peak at 1764 keV
was used to determine the naturally occurring “**U concentrations on the combination plot rather than the
4B peak at 609 keV because it exhibited slightly higher net counts per second.

At the bottom of the borehole, the KUT concentrations appear abnormally high. The apparent
concentrations are elevated because the sonde is near the open end of the drill pipe, and the casing
correction iz overcompensating for the shielding effect of the drill pipe. Thus, the KUT concentrations were
plotted at the usual scales, and the KUT concentrations were allowed to go oft-scale at the bottom of the
borehole.
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Results and Interpretations:

Man-made radionuclides were not detected in this borehole. *’Cs was indicated at 77 & during the repeat
survey. After examination ofthe spectrum at this depth, it was determined that there is no evidence of a
photopeak at 662 keV. This reported peak is probably the result of statistical fluctuation.

The plots of the repeat logs demonstrate reasonable repeatability of the RLS data for the natural
radionuclides at energy levels of 609, 1461, 1764, and 2614 keV.

! GWL - groundwater level
2 TOC — top of casing
* N/A — not available
* n/a— not applicable
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699-S6-E4K (C4072) Combination Plot
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699-S6-E4K (C4072)
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Dead Time

Total Gamma

10

(1@a)) uideg

130

140

150

160

—_—

|
_____T____—{_____T____"
|

_____i____%_____L______
|

_____J______I_____J_______
I

|
|
|
—_—
|
I
I A I IR R

|
B R D R

|
_I___T__—I___T___I____
|

J___J____i___J____L___
|

J___J____i___J____L___
I

(19ay) yideq

110 4——

120 4——

130 4——

140 +——

150 +——

160

30 40

20
Percent

10

125 150 175 200 225 250 0
cps

100

Date of Logging Run

2{20/2003

Zero Reference

Ground Surface

C.7



(1eay) yidaq

232TH (2614 keV)

pCi/g

—s— Original Log Run
—a— Repeat Log Run

U (1764 keV)

S6-E4K (C4072)

U (609 keV)

699
Rerun of Natural Gamma Logs (75.0 to 85.0 ft)

238

OK (1461 keV)

|

80—I0|-J

jea)) yideq =

0

pCi/g

pCifg

30 40 50
pCifg

20

10

C.8



Grand Junction Office established 1959

699-S6-E4L (C4073)

Log Data Report
Borehole Information:
Borehole: 699-56-E4L (C4073) | Site:  6518-10 Burial Ground
Coordinates (WA State Plane) GWL (ft)': 642 GWL Date: 2/20/2003
North East Drill Date TOC* Elevation Total Depth (ft) Type
N/A3 N/A 2/20/2003 N/A 87.5 Cable Tool
Casing Information:
Outer Inside
Diameter  Diameter Thickness Top Bottom
Casing Type Stickup (ft) (in.) (in.) (in.) (ft) (ft)
Threaded Steel 2.6 8 3/4 7 3/4 112 +2.6 89.0

The geologist was the source for the casing information and all depths.

Borehole Notes:

Zero reference is the ground surface. This borehole was logged through the drill pipe. This borehole is
located approximately 30 ft southeast of the 618-10 Burial Ground.

Logging Equipment Information:

Logging System: Gamma 3E (RLS-1) |  Type: 70% HPGe
Calibration Date: 10/02 Calibration Reference: GJO-2002-386-TAR

| Logging Procedure: MAC-HGLP 1.6.5, Rev. 0

Logging System: Gamma 3F (RLS-1) |  Type: Moisture (H380932510)
Calibration Date: 02/03 Calibration Reference: GJO-2003-417-TAC

| Logging Procedure: MAC-HGLP 1.6.5, Rev. 0

Spectral Gamma Logging System (SGLS) Log Run Information:

| Log Run 1 2/Repeat 3 4 5
Date 2/20/03 2/20/03
Logging Engineer Pearson Pearson
Start Depth (ft) 0.0 75.0
Finish Depth (ft) 85.0 85.0
Count Time (sec) 100 100
Live/Real R R
Shield (Y/N) N N
MSA Interval (ft) 1.0 1.0
ft/min nia* nfa
Pre-Verification CE101CAB CE101CAB
Start File CE111000 CE111086

Page 1
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Log Run 1 2/iRepeat
Finish File CE111085 CE111096
Post-Verification CE111CAA CE111CAA
Depth Return 0 0
Error (in.)

Comments None None

Neutron-Moisture L.ogging System (NMLS) L.og Run Information:

Log Run 1 2/Repeat
Date 2/21/03 2/21/03
Logging Engineer Pearson Pearson
Start Depth (ff) 0.0 57.0
Finish Depth (f) 64.0 63.0
Count Time (sec) nfa nfa
Live/Real nfa n/a
Shield (YMN) N N
MSA Interval (ft) 0.25 0.25
fi/min 0.9 0.9
Pre-Verification CF022CAB CF022CAB
Start File CF022000 CF02257
Finish File CF022256 CF022280
Post-Verification CF022CAA CF022CAA
Depth Return Error (in.) n/a 1 low
Comments None None

Logging Operation Notes:

Zero reference was the ground surface, and the borehole was logged through drill pipe. Logging was

performed with a centralizer installed on the sonde. Data were collected using Gamma 3E, HO 68B-4330.
Pre- and post-survey verification measurements for the RLS employed the Amersham KUT (YK, **U, and
Z3Th) verifier with serial number 118. Fine-gain adjustments were not needed to maintain the 1460-keV

(*K) photopeak at apre-described channel.

Analysis Notes:

[ Analyst: | Sobczyk

[ Date: | 2/26/03

Reference: | GJO-HGLP 1.6.3, Rev. 0

SGLS pre-run and post-run verification spectra were collected at the beginning and end of the day and
compared to the control limits established on 12/05/2002. The verification spectra were all within the

control limits. The peak counts per second (cps) at the 609-keV, 1461-keV, and 2615-keV photopeaks on
the post-run verification spectra as compared to the pre-run verification spectra for the day were stable and

between 1 and 3 percent of one another.

NMLS pre-run and post-run verification spectra were collected at the beginning and end of the day and
compared to the control limits established on 12/05/2002. The verification spectra were all within the

conirol limits.

SGLS log spectra were processed in batch mode using APTEC SUPERVISOR to identify individual

energy peaks and determine count rates. Post-run verification spectrawere used to determine the energy

and resolution calibration for processing the data using APTEC SUPERVISOR. Concentrations were
calculated in EXCEL (source file: G3Eoct02.x1s), using parameters determined from analysis of recent
calibration data. Zero reference was the ground surface. Data were analyzed using a uniform casing

correction based on a casing thickness of 0.5 in. to a depth of 85 fi. This casing thickness was measured at

the wellhead. A water correction was applied to the data below 64.2 fi.
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For the 70% HPGe detector, dead time at background count rates varies from 2 to 6 percent, averaging
about 4 percent. Dead time corrections are required when dead time exceeds 18 percent. As the dead time
did not exceed 18 percent, a dead time correction was not needed or applied.

NMLS log specira were processed in batch mode using APTEC SUPERVISOR to determine count rates.
The volume fraction of water was calculated in EXCEL, using parameters determined from analysis of
recent calibration data. Zero reference was the ground surface. Data were analyzed using a uniform casing
correction based on a caging thickness of 0.28 in. to a depth of 64 ft. Calibration data are based on $-in.
casing with a thickness 0of 0.32 in. This casing thickness is thinner than the 0.5-in.-thick drill pipe that was
present during logging. A constant was applied to the data to compensate for the to 0.5-in. steel casing to
estimate the actual volume fraction of water present at the time of logging.

Log Plot Notes:

Separate log plots are provided for gross gamma and dead time, gross gamma and volume fraction of water,
naturally occurring radionuclides ("K, 2°U, and ©?Th), and man-made radionuclides. Plots of the repeat
logs versus the original logs are included. For each radionuclide, the energy value of the spectral peak used
for quantification iz mdicated. Unless otherwise noted, all radionuclides are plotted in picocuries per gram
{pCi‘z). The open circles indicate the minimum detectable level (MDL ) for each radionuclide. Error bars on
each plot represent error associated with counting statistics only and do not include errors associated with
the inverse efficiency function, dead time correction, or casing correction. These errors are discussed in the
calibration report. A combination plot is also included to facilitate correlation. The *“Bi peak at 1764 keV
was used to determine the naturally occurring “**U concentrations on the combination plot rather than the
1B peak at 609 keV becanse it exhibited slightly higher net counts per second.

At the bottom of the borehole, the KUT concentrations appear abnormally high. The apparent
concentrations are elevated because the sonde is near the open end of the drill pipe, and the casing
correction is overcompensating for the shielding effect of the drill pipe. Thus, the KUT concentrations were
plotted at the usual scales, and the KUT concentrations were allowed to go off-scale at the bottom of the
borehole.

Results and Interpretations:

Man-made radionuclides were not detected in this borehole. *'Cs was indicated at 81 ft during the repeat

survey. After examination of the spectrum at this depth, it was determined that there is no evidence of a
photopeak at 662 keV. This reported peak is probably the result of statistical fluctuation.

The plots of the repeat logs demonstrate reasonable repeatability of the RL3 data for the natural
radionuclides at energy levels of 609, 1461, 1764, and 2614 keV. The ] concentrations based on the
1764-keV photopeak do not repeat at 78 and 82 fi.

! GWL - groundwater depth
2 TOC —top of casing
* N/A — not available
4 n/a— not applicable
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Appendix D

Vadose Zone Soil-Gas Survey Sample Collection Parameters
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Table D.1. Field Collection Parameters for Soil-Gas Samples Collected Near the 618-10 Burial Ground

Purge Time Flow Rate Collection Cylinder Pump Pressure
Location Date On (L/min) Time Number Number (psig) Field Notes
C4077 9/16/2002 13:30 1.0 13:57 27 5 8 He
C4077 9/16/2002 13:30 1.0 13:59 50 5 8 Rare Gas
C4077 9/16/2002 13:30 1.0 14:08 215 5 8 Summa
C4078 9/16/2002 13:30 1.0 14:10 28 6 18 He
C4076 9/16/2002 13:46 1.0 14:16 30 7 20 He
C4076 9/16/2002 13:46 1.0 14:15 31 7 20 He Duplicate at C4076
C4075 9/16/2002 13:47 1.0 14:18 29 3 17 He
C4074 9/16/2002 13:53 1.0 14:19 26 ? 17.5 He
C4074 9/16/2002 13:53 1.0 14:21 49 ? 17.5 Rare Gas
C4074 9/16/2002 13:53 1.0 14:29 139 ? 15 Summa
C4081 9/16/2002 14:44 1.0 15:03 34 6 18 He
C4081 9/16/2002 14:14 1.0 15:03 48 6 18 Rare Gas
C4081 9/16/2002 14:44 1.0 15:10 237 6 13 Summa
C4080 9/16/2002 14:44 1.0 15:13 33 3 17 He
C4079 9/16/2002 14:44 1.0 15:16 32 ? 17 He
C4082 9/16/2002 14:44 1.0 15:20 35 7 20 He
C4085 9/16/2002 15:28 1.0 15:45 38 6 18 He
C4085 9/16/2002 15:28 1.0 15:47 46 6 18 Rare Gas
C4085 9/16/2002 15:28 1.0 15:52 275 6 15 Summa
C4084 9/16/2002 15:28 1.0 15:55 37 ? 17 He
C4083 9/16/2002 15:28 1.0 15:56 36 7 20 He
Ambient Air 9/16/2002 Na 1.0 16:12 40 7 21 He
Ambient Air 9/16/2002 Na 1.0 16:13 47 7 21 Rare Gas
C4086 9/16/2002 15:28 1.0 15:59 39 3 17 He
C4087 9/16/2002 16:06 1.0 16:23 41 3 17 He
C4087 9/16/2002 16:06 1.0 16:25 45 3 17 Rare Gas
C4087 9/16/2002 16:06 1.0 16:32 432 3 15 Summa
C4087 9/16/2002 16:06 1.0 16:24 42 3 17 He Duplicate at C4087
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