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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. 
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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 III 
(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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Figure 1.  Photo Showing General Conditions at Drill Sites 

 

Figure 2. Map of 618-10 Burial Ground showing Locations of Wells in the Groundwater 
Monitoring Network and Soil-Gas Probes in the Vadose Zone 
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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). 
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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 (NAVD88) 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 
(Well ID) 

Easting 
(meters) 

Northing 
(meters) 

Elevation 
(meters) Comments 

699-S6-E4K 
(C4072) 

590,867.37 121,626.77  Center of casing 

  135.077 Top of casing, N. edge 

  134.348 Brass survey marker 

  135.083 Top pump base plate, N. edge 

699-S6-E4L 
(C4073) 

590,915.84 121,654.35  Center of casing 

  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 µS/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. 
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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 Well 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 µS/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  
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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 

Sample ID 
Depth of 
Sample Tin Tare 

+ Wet 
Soil 

Wet Soil 
wt + Dry Soil 

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 
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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-S6-E4K near the 618-10 Burial Ground 

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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Figure 4.  Stratigraphic Interpretation for Well 699-S6-E4L near the 618-10 Burial Ground 
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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: 

3H    3He + β-  t½   =  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  
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Table 3.  Helium Isotope Results for Soil-Gas Samples Collected near the 618-10 Burial Ground 
 

Location 
3He/4He 
(R/Ra) 

He/Ne 
(relative to 

air) 
4He 

 (ppm) 
N2 
(%) 

O2 
(%) 

Ne 
(ppm) 

Ar 
(ppm) N2/Ar 

Cylinder 
Pressure 

(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 5.43 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. 
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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 (ppbv), concentrations would 
range from a low of 0.42 ppbv for carbon tetrachloride to a high of 32.7 ppbv 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. 
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Table 4.  Target Compound Results from Soil-Gas Samples Collected Around the Perimeter of 618-10 Burial Ground 
 

Sample Location -->  

Soil 
Gas 

C4074 

Soil 
Gas 

C4077 

Soil 
Gas 

C4081  

Soil 
Gas 

C4085  

Soil 
Gas 

C4087    

Diaphram 
Pump/Sample 

Tubing 

Metal Bellow 
Pump/Sample 

Tubing 

Sample 
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 3.2 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 31.4 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 3.3 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) 
 

Sample Location -->  

Soil 
Gas 

C4074 

Soil 
Gas 

C4077 

Soil 
Gas 

C4081  

Soil 
Gas 

C4085  

Soil 
Gas 

C4087    

Diaphram 
Pump/Sample 

Tubing 

Metal Bellow 
Pump/Sample 

Tubing 

Sample 
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 34.3 21.8 37.7 N.D 91.2 41.3 1.39 
1-methylethylbenzene 5.9 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. Tentatively Identified Compound Results from Soil-Gas Samples Collected Around the Perimeter of 618-10 Burial 
 Ground 
 

Sample Location -->      

Soil 
Gas 

C4074 

Soil 
Gas 

C4077 

Soil 
Gas 

C4081  

Soil 
Gas 

C4085  

Soil 
Gas 

C4087  

Diaphram 
Pump/Sample 

Tubing 

Metal Bellow 
Pump/Sample 

Tubing 

Sample 
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 3.31 7.15 3.275   
Heptane, 3-methyl- 589-81-1 15.32 5.4 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 32.5 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 5.4 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) 
 

Sample Location -->      

Soil 
Gas 

C4074 

Soil 
Gas 

C4077 

Soil 
Gas 

C4081  

Soil 
Gas 

C4085  

Soil 
Gas 

C4087  

Diaphram 
Pump/Sample 

Tubing 

Metal Bellow 
Pump/Sample 

Tubing 

Sample 
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 21.49 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 37.4 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 0 14.75 24.65 28.3 23.6 13.3 
Benzene, 4-ethyl -1,2 -dimethyl- 934-80-5 22.26 35.95 0 19.8 0 0 0 0   
Benzene, 1,2,4,5-tetramethyl- 95-93-2 22.34 35.75 7.7 22.8 14.25 29.2 41.35 24.9 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 14.3 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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Table D.1.  Field Collection Parameters for Soil-Gas Samples Collected Near the 618-10 Burial Ground 
 

Location Date 
Purge Time 

On 
Flow Rate 

(L/min) 
Collection 

Time 
Cylinder 
Number 

Pump 
Number 

Pressure 
(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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