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Summary 

 Four new Resource Conservation and Recovery Act (RCRA) groundwater monitoring wells were 
installed at the single-shell tank farm Waste Management Area (WMA) C in fiscal year 2003 to fulfill 
commitments for well installations proposed in the Hanford Federal Facility Agreement and Consent 
Order milestone M-24-57.  Well 299-E27-22, installed upgradient, was drilled through the entire 
uppermost unconfined aquifer to the basalt and wells 299-E27-4, 299-E27-21 and 299-E27-23 were 
drilled approximately 40 feet into the uppermost unconfined aquifer and installed downgradient of the 
WMA.  Specific objectives for these wells include monitoring the impact, if any, that potential releases 
from inside the WMA may have on current groundwater conditions (i.e., improved network coverage) 
and differentiating upgradient groundwater contamination from contaminants potentially released at the 
WMA. 

 This report supplies the information obtained during drilling, characterization, and installation of the 
four new groundwater monitoring wells.  This document also provides a compilation of hydrogeologic 
and well construction information obtained during drilling, well development, aquifer testing, and sample 
collection/analysis activities. 
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1.0 Introduction 

 Four new Resource Conservation and Recovery Act (RCRA) groundwater monitoring wells were 
installed at single-shell tank Waste Management Area (WMA) C in fiscal year 2003 to fulfill commit-
ments for well installations proposed in Hanford Federal Facility Agreement and Consent Order (Tri-
Party Agreement; Ecology et al. 2003) Milestone M-24-57 (Murphy-Fitch 2003).(a)  The need for 
increased monitoring capability at this WMA was identified in Narbutovskih and Horton (2001) and 
during a data quality objectives process for establishing a RCRA/Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA)/Atomic Energy Act of 1954 (AEA) integrated 
200 West and 200 East Area Groundwater Monitoring Network (Byrnes and Williams 2003). 

 Four wells have been installed; one located upgradient and three downgradient of the WMA 
(Figure 1).  Specific objectives for these wells are monitoring the impact, if any, that potential releases 
from the WMA may have on current groundwater conditions (i.e., improved network coverage) and 
differentiating upgradient groundwater contamination from contaminants potentially released at the 
WMA.  This report provides the information obtained during drilling, characterization and installation of 
these four new groundwater monitoring wells at the single-shell tank WMA C. 

1.1 New Groundwater Monitoring Wells 

 Four groundwater monitoring wells were installed between July and September 2003.  The wells are 
identified as 299-E27-4 (well ID C4125), 299-E27-21 (well ID C4127), 299-E27-22 (well ID C4124) and 
299-E27-23 (well ID C4190) and are shown on the location map in Figure 1.  Well 299-E27-20 (C4126) 
was abandoned due to drilling problems and replaced with 299-E27-23 (C4190), which is located 
approximately 10 feet to the south from well 299-E27-20.  The new wells were constructed to the 
specifications and requirements described in Washington Administrative Code (WAC) 173-160, the 
groundwater monitoring description of work for drilling and installation (Williams 2003) and specifi-
cations used by Fluor Hanford, Inc. (FHI), Richland, Washington.  During drilling and construction of the 
wells, sampling and analysis activities were conducted to support field screening for radiological and 
chemical contaminants, to collect sediment grab samples for geologic descriptions, digital photography, 
and for archival in the Hanford Geotechnical Sample Library (HGSL). 

 Additional characterization was conducted by the CH2M Hanford Group in borehole 299-E27-22 
(C4124), which was drilled through the aquifer to the top of basalt.  Intact vadose zone core samples were 
collected.  Although the results of tests on these cores are not reported in this document, depth-discrete 
aquifer testing and groundwater analyses performed during drilling are included in Sections 6.2 and 9.4. 

 This document provides a compilation of all available geologic data, spectral gamma ray logs, 
hydrogeologic data and well information obtained during drilling, well construction, well development, 
pump installation, aquifer testing, and sample collection/analysis activities.  Appendix A contains the  

                                                      
(a) Letter from EJ Murphy-Fitch (Fluor Hanford Inc., Richland, Washington) to Distribution, “Tentative 

Agreement on Tri-Party Agreement Negotiations on the Overall Strategy and Approach for Hanford 
Groundwater Protection, Monitoring, and Remediation (M-024),” dated September 22, 2003. 
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Figure 1. Map of Single-Shell Tank Waste Management Area C and Locations of New and 
Existing Wells in the Groundwater Monitoring Network 

Well Summary Sheets, the Well Construction Summary Report, the geologist’s borehole log, well 
development and pump installation records, well survey results, and a construction variance report.  
Appendix B contains sediment sieve analysis results, core sample chain of custody forms, the core log for 
299-E27-22 (C4124), and selected core sample digital photographs.  Appendix C contains complete 
spectral gamma ray logs and borehole deviation surveys while Appendix D contains the hydrologic test 
report for well 299-E27-22 (C4124). 

 Additional well construction documentation is on file with FHI.  Drilling, geologic and geophysical 
logs, and well construction/completion data are presented in Martinez (2003).  The Records Management 
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Information System (RMIS) and the Hanford Well Information System (HWIS) 
[http://apweb02/cfroot/rapidweb/phmc/cp/hwisapp/] are two electronic databases that also contain drilling 
and construction records for these four 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. 

2.0 Well 299-E27-22 

 Well 299-E27-22 is located to the northeast of the WMA C tank farm.  The well is upgradient of 
WMA C and will help differentiate upgradient groundwater contamination from contaminants potentially 
released at the WMA. 

2.1 Drilling and Sampling 

 Well 299-E27-22 (well ID C4124) was drilled with a dual-wall percussion drill rig (Becker-hammer) 
from surface to a total depth of 268 feet below ground surface (bgs).  The borehole was drilled through 
the unconfined aquifer to the top of basalt.  Temporary 9-inch outside diameter (OD), dual-wall casing 
was used during drilling to total depth.  Drilling began on July 10, 2003 and total depth was reached on 
September 5, 2003. 

 Grab samples of sediment for geologic description, digital photography and archives were collected at 
approximately 5-foot intervals from ground surface to total depth.  Sixty-nine continuous split spoon 
samples were collected from approximately 19 feet bgs to 111.5 feet bgs.  The samples were sealed in 
one-foot long lexan liners and transferred to Pacific Northwest National Laboratory (PNNL) for analysis.  
These samples were used to define lithology and for physical and chemical characterization of the vadose 
zone.  An additional 45 split spoon samples were collected at approximately 5-foot intervals at two 
samples per interval from ~114 bgs to ~231.5 feet bgs near the water table, which was located at 
230.5 feet bgs.  The borehole log in Appendix A provides the sample depths while the composite log in 
Section 9.5 (Figure 6) summarizes the sampled intervals and graphic results of core descriptions.  The 
chain of custody forms for transfer of the core samples and selected digital photographs of several cores 
are contained in Appendix B.  Two grab samples were collected from drill depths of 233 feet bgs and 
268 feet bgs and evaluated for physical property analysis (sieve analysis) to confirm screen selection.  
The sieve analysis data and distribution curves are in Appendix B. 

 Sediments encountered during drilling were predominantly unconsolidated sand to gravelly sand of 
the Hanford formation from ~5 feet bgs to a depth of 185 feet bgs.  Above the Hanford formation are 
recent deposits.  The sandy gravel to gravel of the lower Hanford H3 unit comprises the sediments from 
approximately 185 feet bgs to 268 feet bgs.  Although, the Cold Creek unit (CCU), as defined in Wood et 
al. (2003), may be present, there is no contact within this gravel unit that can be identified between the 
lower Hanford formation Unit 3 and the CCU.  If the CCU is present, it is not clearly defined.  
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Furthermore hydrologic testing produced hydraulic conductivities ranging from 6,200 to 22,600 feet per 
day for the gravels in the aquifer.  These high values are indicative of the open, highly permeable lower 
Hanford gravels of the H3.  This interpretation is in agreement with Martinez (2003) and Narbutovskih 
and Horton (2001).  There is no indication that Ringold Formation sediments were encountered.  The top 
of basalt is at total borehole depth at 268 feet bgs.  The field geologist’s detailed borehole log, along with 
the well construction summary report, as-built diagram, well development and pump installation records, 
and well survey results are included in Appendix A.  A more detailed hydrogeologic interpretation of the 
borehole sediments is included in Section 9.0. 

 The borehole and drill cuttings were monitored regularly for organic vapors, ammonia, and radio-
nuclide contaminants (i.e., alpha, beta, and gamma).  Radionuclide monitoring indicated the presence of 
background levels.  Ammonia was detected at several intervals (see borehole log in Appendix A).  
Spectral gamma ray logs were run on September 8, 2003, by Stoller Corporation.  A slight amount of 
cesium-137, near the minimum detection level (MDL, 0.3 pCi/g), was found sporadically throughout the 
borehole (Appendix C).  Section 7.0 provides more details of this logging. 

2.2 Well Completion 

 The permanent casing and screen were installed in well 299-E27-22 in September 2003.  A 40-foot 
long, 4-inch inside diameter (ID), stainless steel, continuous wire-wrap 20 slot (0.02-inch slot) screen was 
set from 268.02 feet to 228.05 feet bgs.  There is no sump below the screen in this well because the design 
required the screen to be placed directly on top of the basalt to maximize the length of the sample interval.  
The permanent well casing is 4-inch ID, stainless steel from 228.05 feet bgs to 2 feet above ground 
surface. 

 The screen filter pack is composed of 10-20 mesh silica sand placed from 268 to 225.8 feet bgs, and 
4-8 mesh filter pack sand placed from 225.8 to 222.5 feet bgs.  The annular seal is composed of 1/4-inch 
bentonite pellets from 222.5 feet to 217.2 feet bgs and granular bentonite crumbles from 217.2 feet to 
10 feet bgs.  The surface seal is composed of Portland cement grout from 10 feet bgs to ground surface.  
A 4-foot 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 
identification number and Hanford well number were set into the concrete pad. 

 Approximately 170 feet of 1/4-inch galvanized carbon steel tremie pipe was lost between the 
borehole wall and the casing during installation of the bentonite seal material.  The well was constructed 
with the tremie pipe left in the borehole annulus, located from 47 to 217 feet bgs, and sealed in the 
bentonite.  The bottom end of the pipe is approximately 13 feet above the water table.  The Washington 
State Department of Ecology was informed of the nonconformance (NCR # WMP-GPP-03NCR-010) and 
approved the design.  The Well Construction Summary Report, Well Summary Sheet (as-built), 
construction variance and nonconformance report are included in Appendix A. 

 A vertical borehole survey was conducted using a downhole gyroscope in the completed well to 
determine the bottom location relative to the vertical projection.  Survey results are discussed in 
Section 8.0 and located in Appendix C. 
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 The vertical and horizontal coordinates of the well were surveyed by Fluor Federal Services on 
October 31, 2003.  The horizontal position of the well was referenced to horizontal control stations 
established by the U.S. Army Corps of Engineers (USACE).  The coordinates are Washington Coordinate 
System, South Zone, NAD83(91) datum.  Vertical datum is NAVD 1988 and is based on existing USACE 
bench marks.  Survey data are included in Table 1 and Appendix A.  The static water level was 
230.46 feet bgs on September 10, 2003. 

Table 1. Survey Data for Four New RCRA Wells at WMA C 

Well Name 
(Well ID) 

Easting 
(meters) 

Northing 
(meters) 

Elevation 
(meters) Comments 

575185.10 136685.33  Center of casing 
  193.383 Top of casing, N. edge 
  192.604 Brass survey marker 

299-E27-22 
(C4124) 

  193.389 Top pump base plate, N. edge 
575032.02 136497.92  Center of casing 
  205.569 Top of casing, N. edge 
  204.685 Brass survey marker 

299-E27-4 
(C4125) 

  205.575 Top pump base plate, N. edge 
575145.03 136407.21  Center of casing 
  205.728 Top of casing, N. edge 
  204.995 Brass survey marker 

299-E27-21 
(C4127) 

  205.734 Top pump base plate, N. edge 
575069.46 136452.23  Center of casing 
  206.563 Top of casing, N. edge 
  205.661 Brass survey marker 

299-E27-23 
(C4190) 

  206.569 Top pump base plate, N. edge 
NOTES:  Horizontal Datum is NAD83 (91); Vertical Datum is NAVD88; Washington State Plane 
Coordinates (South Zone); surveyed October 31, 2003. 

2.3 Well Development and Pump Installation 

 Well 299-E27-22 was developed on September 12, 2003 at three different intervals using a 
temporary, 5-horsepower submersible pump.  The depth to water was measured at 233.69 feet below top 
of casing (btc) prior to development.  A pressure transducer was installed above the pump and connected 
to a Hermit datalogger to monitor water level during development.  A total of 3521 gallons of water were 
pumped.  Table 2 contains the well development results, including pump intake depth, pump rate, pump 
run time, drawdown, recovery time, final turbidity (NTU) and stabilized conductivity and temperature 
readings. 

 A dedicated Redi-Flo-2, 0.5-horsepower Grundfos™ submersible sampling pump was installed in 
well 299-E27-22 on September 19, 2003.  The sampling pump intake was set at 240.96 feet (btc), 
approximately 7.3 feet below the water table, and connected to the surface with 3/4-inch diameter 
stainless steel riser pipe. 
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Table 2. Well Development Information for Well 299-E27-22 

Pump Rate 
Pump Intake 
Depth (ft btc) 

Pumping 
Run Time 

Drawdown 
(ft) Final Turbidity Readings 

Recovery Test 
Time 

25 gpm 264.5 60 min 0.27 1.08 NTU, 504 µs/cm, 20.7 C NA 
24 gpm 255.5 43 min 0.39 0.97 NTU, 490 µs/cm, 20.3 C 9 min (100%) 
23 gpm 243.3 43 min 0.44 2.31 NTU, 476 µs/cm, 20.2 C 12 min (100%)

ft btc = Feet below top of casing. 
gpm = Gallons per minute. 
NTU = Nephelometric turbidity unit. 
µs/cm = micro siemens per centimeter. 

3.0 Well 299-E27-4 

 Well 299-E27-4 (C4125) is located to the southwest of the 241-C tank farm.  The well is 
downgradient of WMA C and will help differentiate upgradient groundwater contamination from 
potential contaminants released at the WMA. 

3.1 Drilling and Sampling 

 Well 299-E27-4 (well ID C4125) was drilled with a hollow stem auger from 0 to 30 feet bgs and with 
a Becker-hammer rig from ~30 feet bgs to a total depth of 311 feet bgs.  Temporary 9-inch outside 
diameter (OD), dual-wall casing was used below the 30-foot temporary casing for drilling throughout the 
borehole to total depth.  Drilling began on August 12, 2003, and total depth was reached on August 14, 
2003. 

 Grab samples of sediment for geologic description, digital photography and archives were collected at 
approximately 5-foot intervals from ground surface to total depth.  Also, two grab samples were collected 
from the proposed screen interval at ~270 feet bgs and ~302 bgs for sieve analysis to confirm screen 
selection.  The sieve analysis data and distribution curves are in Appendix B. 

 Sediments encountered during drilling were predominantly unconsolidated sands to gravelly sands of 
the Hanford formation beginning at ~22 feet bgs to about 239 feet bgs.  Above the Hanford formation are 
recent deposits.  The sandy gravel to gravel of the lower Hanford H3 unit and possibly the CCU comprise 
the sediments from approximately 239 feet bgs to 311 feet bgs at total depth.  Neither Ringold Formation 
sediments nor basalt were encountered.  The field geologist’s detailed borehole log, along with the well 
construction summary report, as-built diagram, well development data, pump installation records and well 
survey results are included in Appendix A. 

 The borehole and drill cuttings were monitored regularly for organic vapors, ammonia, and radio-
nuclide contaminants (i.e., for alpha, beta, and gamma).  Radionuclide monitoring indicated that alpha, 
beta and gamma readings were below background levels but ~2 parts per million (ppm) of ammonia were 
detected at 19 feet bgs (see borehole log in Appendix A).  A spectral gamma ray log, run on August 15 
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and 16, 2003, by Stoller Corporation indicate that a slight amount of cesium-137 near the MDL 
(0.3 pCi/g) was detected sporadically throughout the borehole (Appendix C).  Section 7.0 provides more 
details of this logging. 

3.2 Well Completion 

 The permanent casing and screen were installed in well 299-E27-4 in August 2003.  A 35-foot, 4-inch 
ID stainless steel, continuous wire-wrap 20 slot (0.02-inch slot) screen was set from 305.33 feet to 
270.32 feet bgs with a 2-foot long stainless steel sump placed from 307.76 to 305.33 feet bgs.  The 
permanent well casing is 4-inch ID, stainless steel from 270.32 feet bgs to 1.9 feet above ground surface. 

 The screen filter pack is 10-20 mesh silica sand placed from 309 to 264.4 feet bgs.  The annular seal 
is composed of 1/4-inch bentonite pellets from 264.4 to 259 feet bgs and bentonite crumbles from 259 to 
9.9 feet bgs.  The surface seal is composed of Portland cement grout from 9.9 feet bgs to ground surface.  
A 4-foot 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.  During well construction, a stainless 
steel weight used for tagging and measuring the fill level in the annulus was lost in the borehole at 
approximately 309 feet bgs.  The weight was not recovered and remains in the annulus.  The Well 
Construction Summary Report and Well Summary Sheet (as-built) are included in Appendix A.  A 
borehole deviation survey using a gyroscope was conducted in the completed well to determine the 
bottom hole location relative to the vertical borehole projection.  Survey results are discussed in 
Section 8.0 and located in Appendix C. 

 The vertical and horizontal coordinates of the well were surveyed by Fluor Federal Services on 
October 31, 2003.  The horizontal position of the well was referenced to horizontal control stations 
established by the USACE.  The coordinates are Washington Coordinate System, South Zone, 
NAD83(91) datum.  Vertical datum is NAVD 1988 and is based on existing USACE bench marks.  
Survey data are included in Table 1 and Appendix A.  The static water level was 270.65 feet bgs on 
August 20, 2003. 

3.3 Well Development and Pump Installation 

 Well 299-E27-4 was developed on September 11 and 12, 2003.  Development was performed at three 
different intervals using a temporary, 5-hp submersible pump.  The depth to the water was 274.29 feet btc 
prior to development.  A pressure transducer was installed above the pump and connected to a Hermit 
datalogger to monitor water level during development.  Table 3 contains the results of final well 
development, including pump intake depth, pump rate, pump run time, drawdown, recovery time, final 
turbidity and stabilized conductivity and temperature readings.  A total of 5,100 gallons of water were 
pumped. 

 A dedicated Redi-Flo-3, 0.7 hp, Grundfos™ submersible sampling pump was installed in well 299-
E27-4 on September 19, 2003.  The sampling pump intake was set ~6.9 feet below the water table at 
281.11 feet btc and connected to the surface with ¾-inch diameter stainless steel riser pipe. 
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Table 3. Well Development Information for Well 299-E27-4 

Pump Rate 
Pump Intake 
Depth (ft btc) 

Pumping 
Run Time

Drawdown 
(ft) Final Turbidity Readings 

Recovery Test 
Time 

27 gpm 304.4 70 min <0.1 3.20 NTU, 516 µs/cm, 19.5 C 10 min (100%)
26 gpm 295.4 50 min <0.1 0.74 NTU, 452 µs/cm, 20.1 C 10 min (100%)
28 gpm 283.3 70 min <0.1 1.16 NTU, 403 µs/cm, 18.4 C 15 min (100%)

ft btc = Feet below top of casing. 
gpm = Gallons per minute. 
NTU = Nephelometric turbidity unit. 
µs/cm = micro siemens per centimeter. 

4.0 Well 299-E27-21 

 Well 299-E27-21 (well ID C4127) is located south of the WMA C tank farm.  The well is down-
gradient of WMA C and will help differentiate upgradient groundwater contamination from potential 
contaminants released at the WMA. 

4.1 Drilling and Sampling 

 Well 299-E27-21 (well ID C4127) was drilled with a Becker-hammer rig from surface to a total depth 
of 318 feet bgs.  Temporary 9-inch OD, dual-wall casing was used for drilling throughout the borehole to 
total depth.  Drilling began on July 10, and total depth was reached on July 21, 2003. 

 Grab samples of sediment for geologic description, digital photography and archives were collected at 
approximately 5-foot intervals from ground surface to total depth.  Also, two grab samples were collected 
from the proposed screen interval from 277 to 280 feet bgs and from 312 to 315 feet bgs for sieve analysis 
to confirm screen selection.  The geologist’s borehole log is included in Appendix A.  Sieve analysis 
results and distribution curves are located in Appendix B. 

 Sediments encountered during drilling were predominantly unconsolidated sand to gravelly sand of 
the Hanford formation from ~1 feet bgs to about 246 feet bgs.  Above the Hanford formation are recent 
deposits.  The sandy gravel to gravel of the lower Hanford H3 unit and possibly the CCU comprises the 
sediments from approximately 246 feet bgs to 318 feet bgs at total depth.  Neither Ringold Formation 
sediments nor basalt were found in this borehole.  The field geologist’s detailed borehole log, along with 
the well construction summary report, as-built diagram, well development and pump installation records, 
and well survey results are included in Appendix A. 

 The borehole and drill cuttings were monitored regularly for organic vapors, ammonia and gamma-
emitting radionuclides.  Radionuclide monitoring indicated that gamma readings were at background 
levels, and no organics or ammonia was detected (see borehole log in Appendix A).  The well was logged 
with a spectral gamma ray tool on July 21 and 22, 2003, by Stoller Corporation.  Logging results showed 
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a slight amount of cesium-137 near the MDL sporadically throughout the borehole (Appendix C).  
Section 7.0 provides information on the spectral gamma data collected in the borehole. 

4.2 Well Completion 

 The permanent casing and screen were installed in well 299-E27-21 in July 2003.  A 35-foot, 4-inch 
ID stainless steel, continuous wire-wrap 20 slot (0.02-inch) screen was set from 306.43 feet to 271.37 feet 
bgs.  Below the screen interval there is a 2-foot stainless steel sump extending from 308.83 to 306.43 feet 
bgs.  The permanent well casing is 4-inch ID, stainless steel from 271.37 feet bgs to 2 feet above ground 
surface. 

 The screen filter pack is 4-8 mesh silica sand placed from 318 to 314 feet bgs, and 10-20 mesh silica 
sand placed from 314 to 265.5 feet bgs.  The annular seal is composed of 1/4-inch bentonite pellets from 
265.5 to 260.4 feet bgs and bentonite crumbles from 260.4 to 10.1 feet bgs.  The surface seal is composed 
of Portland cement grout from 10.1 feet bgs to ground surface.  A 4-foot by 4-foot by 6-inch concrete pad 
was placed around the well at the surface.  A protective well head casing with four protective steel posts 
and a brass marker were set into the concrete pad.  The brass marker is stamped with the well identifica-
tion number and the Hanford well number.  The well head has a locking cap.  The Well Construction 
Summary Report and Well Summary Sheet (as-built) are included in Appendix A. 

 A borehole deviation survey, using a downhole gyroscope, was conducted in the completed well to 
determine the bottom hole location relative to a vertical borehole projection.  Survey results are discussed 
in Section 8.0 and located in Appendix C. 

 The vertical and horizontal coordinates of the well were surveyed by Fluor Federal Services on 
October 31, 2003.  The horizontal position of the well was referenced to horizontal control stations 
established by the USACE.  The coordinates are Washington Coordinate System, South Zone, 
NAD83(91) datum.  The vertical datum is NAVD 1988 and is based on existing USACE bench marks.  
Survey data are included in Table 1 and Appendix A.  The static water level was 271.38 feet bgs on 
July 25, 2003. 

4.3 Well Development and Pump Installation 

 Well 299-E27-21 was developed on August 28, 2003 at three different intervals using a temporary, 5-
hp submersible pump.  The depth to water was 274.56 feet btc prior to development.  A pressure 
transducer, installed above the pump and connected to a Hermit datalogger, monitored the water level 
during development.  Table 4 contains the data from the well development, including pump intake depth, 
pump rate, pump run time, drawdown, recovery time, final turbidity and stabilized conductivity and 
temperature readings.  A total of 3,879 gallons of water were pumped. 

 A dedicated Redi-Flo-3, 0.7 hp, Grundfos™ submersible sampling pump was installed in well 299-
E27-21 on September 18, 2003.  The sampling pump intake was set at 281.10 feet btc, which is ~6.6 feet 
below the water table.  It was connected to the surface with a 3/4-inch diameter stainless steel riser pipe. 



 

 10

Table 4. Well Development Information for Well 299-E27-21 

Pump Rate 
Pump Intake 
Depth (ft btc) 

Pumping 
Run Time 

Drawdown 
(ft) Final Turbidity Readings 

Recovery Test 
Time 

23 gpm 306.7 63 min <0.1 1.24 NTU, 376 µs/cm, 20.0 C 7 min (100%)
23.5 gpm 297.7 48 min <0.1 1.64 NTU, 363 µs/cm, 20.2 C <5 min (100%)
21 gpm 285.6 62 min <0.1 1.83 NTU, 353 µs/cm, 20.7 C <5 min (100%)

ft btc = Feet below top of casing. 
gpm = Gallons per minute. 
NTU = Nephelometric turbidity unit. 
µs/cm = micro siemens per centimeter. 

5.0 Well 299-E27-23 

 Well 299-E27-23 (well ID C4190) is located southwest of the WMA C tank farm and south of 
existing well 299-E27-13.  Located downgradient of WMA C, this well will help differentiate upgradient 
groundwater contamination from potential contaminants released at the WMA.  This well was drilled as 
an offset replacement to the originally proposed well 299-E27-20 (C4126) that was decommissioned after 
drilling refusal occurred at 278.5 feet bgs.  Drilling information on this decommissioned borehole is 
included in Appendix A. 

5.1 Drilling and Sampling 

 Well 299-E27-23 (well ID C4190) was drilled with a Becker-hammer rig from surface to a total depth 
of 318 feet bgs.  The borehole was drilled approximately 45 feet into the unconfined aquifer.  Temporary 
9-inch OD, dual-wall casing was used during drilling to total depth.  Drilling was completed in one day 
on August 5, 2003. 

 Grab samples of sediment for geologic description, digital photography and archives were collected at 
approximately 5-foot intervals from ground surface to total depth.  Also, two grab samples were collected 
from the proposed screen interval for sieve analysis to confirm screen selection.  One sample was from 
decommissioned borehole 299-E27-20 at ~275 feet bgs, and one was from 299-E27-23 at ~310 bgs.  The 
field geologist’s detailed borehole log, along with the well construction summary report, as-built diagram, 
well development and pump installation records, and well survey results are included in Appendix A.  A 
more detailed hydrogeologic interpretation of the borehole sediments is included in Section 9.0.  Sieve 
analysis results and distribution curves are located in Appendix B. 

 Sediments found during drilling were predominantly unconsolidated sand to gravelly sand of the 
Hanford formation from 10 feet bgs to about 245 feet bgs.  Above the Hanford formation are recent 
deposits.  The sandy gravels to gravels of the lower Hanford H3 unit and possibly the CCU comprise the 
sediments from approximately 245 feet bgs to 318 feet bgs, which is the total well depth.  Neither 
Ringold Formation sediments nor basalt were encountered. 
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 The borehole and drill cuttings were monitored regularly for organic vapors, ammonia, and radio-
nuclide contaminants (alpha, beta, gamma).  Ammonia was detected to a depth of ~110 feet bgs ranging 
from 0 to 5 ppm.  No man-made radiological contamination was detected.  The well was logged with a 
spectral gamma tool on August 7 and 8, 2003, by Stoller Corporation (see Section 7.0 and Appendix C). 

5.2 Well Completion 

 The permanent casing and screen were installed in well 299-E27-23 in August 2003.  A 35-foot, 
4-inch ID stainless steel, continuous wire-wrap, 20 slot (0.02-inch) screen was set from 308.54 feet to 
273.51 feet bgs.  Below the screen interval there is a 2-foot stainless steel sump from 310.97 to 
308.54 feet bgs.  The permanent well casing is 4-inch ID, stainless steel from 273.51 feet bgs to 1.8 feet 
above ground surface. 

 The screen filter pack is 10-20 mesh silica sand placed from 318 to 267.8 feet bgs.  The annular seal 
is composed of 1/4-inch bentonite pellets from 267.8 to 263 feet bgs and granular bentonite from 263 to 
9.9 feet bgs.  The surface seal is composed of Portland cement grout from 9.9 feet bgs to ground surface.  
A 4-foot by 4-foot by 6-inch concrete pad was placed around the well at the surface.  A protective well 
head casing with a 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. 

 A vertical borehole survey using a gyroscope was conducted in the completed well to determine the 
bottom hole location relative to a vertical borehole projection.  Survey results are discussed in Section 8.0 
and located in Appendix C. 

 The elevation and location coordinates of the well were surveyed by Fluor Federal Services on 
October 31, 2003.  The horizontal position of the well was referenced to horizontal control stations 
established by the USACE.  The coordinates are Washington Coordinate System, South Zone, 
NAD83(91) datum.  Vertical datum is NAVD 1988 and is based on existing USACE bench marks.  
Survey data are included in Table 1 and Appendix A.  The static water level was 273.1 feet bgs on August 
12, 2003. 

5.3 Well Development and Pump Installation 

 Well 299-E27-23 was developed on September 2, 2003 at three different intervals using a temporary, 
5-hp submersible pump.  Depth-to-water level was measured at 276.52 feet btc prior to development.  A 
pressure transducer was installed above the pump and connected to a Hermit datalogger to monitor water 
level during development.  Table 5 contains the results of final well development, including pump intake 
depth, pump rate, pump run time, drawdown, and recovery time.  Final turbidity, electrical conductivity, 
dissolved oxygen content, pH and temperature readings are also reported.  A total of 3,624.5 gallons of 
water were pumped. 

 A dedicated Redi-Flo-3, 0.7 hp, Grundfos™ submersible sampling pump was installed in well 299-
E27-23 on September 18, 2003.  The sampling pump intake was set at 281.11 feet btc, which is about 4.7 
feet below the water table.  The riser pipe is 3/4-inch diameter stainless steel. 



 

 12

Table 5. Well Development Information for Well 299-E27-23 

Pump Rate 
Pump Intake 
Depth (ft btc) 

Pumping 
Run Time 

Drawdown 
(ft) Final Turbidity Readings 

Recovery Test 
Time 

26 gpm 311.3 57 min 0.14 3.93 NTU, 4.46 mg/L DO, 
409 µs/cm, 7.86 pH, 20.2 C 

15 min (99.6%)

26 gpm 301.3 30 min 0.03 0.74 NTU, NA DO, 
NA µs/cm, NA pH, NA C 

8 min (100%) 

6 gpm 291.3 78 min 0.63 3.00 NTU, 3.23 mg/L DO, 
381 µs/cm, 7.91 pH, 22.1 C 

NA 

ft btc = Feet below top of casing. DO = Dissolved Oxygen. 
gpm = Gallons per minute. NA = Not available. 
NTU = Nephelometric turbidity unit. C = temperature in degrees centigrade. 
µs/cm = micro siemens per centimeter. 

6.0 Sampling and Analysis During Drilling 

 This section describes the collection and analysis of sediment and water samples collected during 
drilling from wells 299-E27-22, 299-E27-4, 299-E27-23, 299-E27-21, and 299-E27-20, which is the 
decommissioned well. 

6.1 Field Screening 

 The drill cuttings from all the wells were screened in the field for volatile organic and combustible 
and/or hazardous gas contamination, beta-gamma activity and alpha activity by radiation control 
technicians (RCT) and site safety staff.  Subsurface spectral gamma logs were also evaluated for gamma-
emitting contaminants, and details are discussed in Section 7.0. 

 Radiation screening of drill cuttings from well 299-E25-93 revealed beta and gamma readings slightly 
above background in a few intervals.  Alpha radiation was also detected but determined to be radon.  
Radiation screening of cuttings from the other wells revealed only background levels.  No actions were 
required.  The cuttings were also screened for volatile organics and other potential hazardous gases using 
an Organic Vapor Monitor (OVM) photo-ionization detector, an Ammonia Monitor, and a Multi Gas / 
Combustible Gas Monitor.  Ammonia was detected sporadically up to 25 ppm in wells 299-E27-22, 299-
E27-4 and 299-E27-23.  No action was required.  Results of field screening for radiation and gases during 
drilling are indicated on the geologist’s borehole logs in Appendix A. 

6.2 Sediment and Groundwater Sampling 

 Sediment samples were collected for geologic description, digital photography, and the soil archives 
from all four boreholes at 5-foot intervals from ground surface to total depth.  The geologic descriptions 
of these samples are contained in the wellsite geologist’s borehole logs in Appendix A.  The archive grab 
samples are contained in 1-pint glass jars, labeled by depth and well number.  These jars are stored in the 
HGSL, which is located at Building 3718A/B in the 300 Area.  In addition to the archived jars, sediment 
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grab samples from each 5-foot depth interval were placed in 1-inch by 2-inch plastic sample trays to 
create a digital photographic log for each well.  These small trays do not include the coarser grain size 
from the gravels.  These digital photographic logs are with the composite logs in Section 9.5. All 
sediment sample depths and/or intervals are documented in the geologist’s borehole logs, located in 
Appendix A. 

 Continuous or near continuous core samples were recovered from the vadose zone in borehole 299-
E27-22 to provide baseline sediment chemistry data for comparison to potentially contaminated 
boreholes located inside WMA C tank farm.  The core was recovered using a 4-inch ID split spoon 
sampler that is approximately 2.25 feet long.  One hundred and fifteen core samples were collected in 
one-foot long lexan liners then sealed and labeled.  These samples were delivered to the Radiochemical 
Processing Laboratory in the 325 Building for storage and analysis.  The core interval is documented in 
the borehole log in Appendix A and on the composite log (Figure 6) for well 299-E27-22 in Section 9.5.  
Chain of custody forms for core transfer to the lab, the detailed core log and selected digital photographs 
of several cores are located in Appendix B. 

 Prior to well completion two sediment grab samples were collected from the proposed screen interval 
in each borehole except for well 299-E27-23.  One sample was taken from well 299-E27-23 and another 
from well 299-E27-20, the nearby well that was not completed because of bit refusal.  All of these 
samples were sieved for particle size distribution to provide data for screen slot size confirmation/ 
selection.  Sieve data and distribution curves are available in Appendix B. 

 Groundwater samples were collected in borehole 299-E27-22 from five intervals to coincide with 
depth-discrete aquifer testing as the borehole was drilled below the water table.  Water was circulated to 
the surface for collection from the cuttings return line.  Each sample interval was isolated below a packer 
to isolate the sample interval from the shallower saturated zone within the borehole.  The samples were 
analyzed in the field for conductivity, nitrate (TNT Hach Kit method), technetium-99 (3-M filter disk 
screening method), and pH.  Samples from the same depths were also analyzed by inductively coupled 
plasma-mass spectroscopy (ICP-MS) for technetium-99 and uranium.  Technetium-99 levels for all 
depths, using the ICP-MS method, were below the lower limit of quantitation of 426 pCi/L (0.025 µg/L).  
Values less that 80.1 pCi/L were identified with the 3-M filter method.  The uranium values for all depths 
were below the natural background value of 3.43 µg/L reported in Johnson (1993).  The analytical results 
are presented in Table 6 below.  The water sample depths are also provided on the composite log of 299-
E27-22 in Section 9.0. 

Table 6. Depth-Discrete Water Sample Results for Well 299-E27-22 (C4124) 

Sample 
No. 

Sample 
Date 

Depth bgs 
(ft) 

Cond 
µS/cm pH 

nitrate 
mg/L 

Tc-99 
(3-M) pCi/L 

Tc-99 
(ICP-MS) pCi/L 

Uranium
µg/L 

E22-27-22 9/3/2003 239.5-242.5 447 ND 14.2 10.9 U BG 
E36-27-22 9/4/2003 247-250 412 8.11 16.2 U U BG 
E12-27-22 9/4/2003 252-254 429 7.95 18.4 14 U BG 
E33-27-22 9/5/2003 260 439 7.98 20.1 38.5 U BG 
E14-27-22 9/5/2003 268 563 8.01 31.1 80.1 U BG 
U = undetected. 
BG = below uranium natural background level of 3.43 µg/L. 
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7.0 Spectral Gamma Ray Logging 

 A high resolution spectral gamma-ray survey was conducted in each borehole by Stoller Corporation 
to determine the presence and concentration of man-made and naturally occurring gamma-emitting 
radionuclides in the surrounding sediments.  Survey measurements were made at a “move-stop-acquire” 
mode at a rate of 100 seconds per foot.  Neutron-moisture logging was not completed because a dual-wall 
casing was used during drilling which has a casing thickness that is too large for the calibrated neutron 
moisture tool.  The geophysical logs have been evaluated and correlated to the geologic log data for each 
borehole and the results are presented in the composite logs in Section 9.5.  The full suite of geophysical 
logs for each well, including the detailed log data reports are provided in Appendix C.  The log reports 
describe calibration requirements, data processing, and log plots. 

 Well 299-E27-22 (C4124) was logged on September 8, 2003 using the gamma-ray tool from ground 
surface to 266.45 feet bgs inside temporary dual-wall carbon steel casing with an approximate outside 
diameter of 9 inches.  A repeat section was run from 31.45 to 4.45 feet bgs.  As reported by Stoller 
Corporation, cesium-137 was the only gamma-emitting man-made radionuclide detected during 
geophysical logging.  The cesium-137 was detected at a few sporadic locations in the borehole near the 
0.2 pCi/g MDL. 

 In well 299-E27-4 (C4125), logged on August 15 and 16, 2003, the gamma-ray tool was run from 
below the 11-inch diameter temporary surface casing from 25 feet bgs to a depth of 301 feet bgs within 
the nominal 9-inch diameter dual-wall temporary carbon steel casing.  A repeat section was run from 121 
to 90 feet bgs.  As reported by Stoller Corporation, cesium-137 was the only gamma-emitting manmade 
radionuclide detected during geophysical logging.  The cesium-137 was detected at a few sporadic 
locations in the borehole near the 0.2 pCi/g MDL. 

 In well 299-E27-21 (C4127), logged on July 21 and 22, 2003, the gamma ray tool was run from 
ground surface to a depth of 316 feet bgs within the nominal 9-inch diameter dual-wall temporary carbon 
steel casing.  A repeat section was run from 142 to 110 feet bgs.  As reported by Stoller Corporation, 
cesium-137 was the only gamma-emitting man-made radionuclide detected during geophysical logging.  
The cesium-137 was detected at a few sporadic locations in the borehole near the 0.2 pCi/g MDL. 

 In well 299-E27-23 (C4190), logged on August 7 and 8, 2003, the gamma ray tool was run from 
ground surface to a depth of 319 feet bgs within the nominal 9-inch diameter dual-wall temporary carbon 
steel casing.  A repeat section was run from 147 to 115 feet bgs.  As reported by Stoller Corporation, 
cesium-137 was the only gamma-emitting man-made radionuclide detected during geophysical logging.  
The cesium-137 was detected at 2 feet bgs and from 11 through 13 feet bgs with a maximum 
concentration of 0.6pCi/g.  Cesium-137 was also detected from a few deeper intervals in the borehole 
near the 0.3 pCi/g MDL. 
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8.0 Borehole Gyroscope Survey 

 Downhole deviation surveys using a borehole gyroscope were performed in each well following 
construction to determine how plumb or vertical the well is and to determine the vertical and horizontal 
location coordinates of the total depth relative to the borehole surface location.  These data are used to 
determine the extent of borehole deviations created during drilling.  For this tool, depths are measured 
from the top of casing to the top of the tool when it is sitting on the bottom of the well.  Three 
dimensional plots showing a hypothetical vertical well and the true attitude of each deviated well are 
provided in Figures 2 through 5 below.  Further gyroscope information can be found in Appendix C. 

 In well 299-E27-22 (C4124), results show that at a measured cable depth of 257 feet, the true vertical 
depth of the well is 256.24 feet, a difference of 0.76 feet.  In well 299-E27-4 (C4125), the measured cable 
depth is 297 feet while the true vertical depth of the well is 295.5 feet, a difference of 1.5 feet.  In well 
299-E27-21 (C4127), results indicate a measured cable depth of 297.5 feet and a true vertical depth of the 
well is 296.5 feet, a difference of 1.0 foot.  In well 299-E27-23 (C4190), results indicate that at a 
measured cable depth of 300.5 feet, the true vertical depth of the well is 300.3 feet, a difference of 
0.2 feet.  Thus deviations from vertical result in depth errors ranging from 1.5 feet to 0.2 feet.  These data 
may be used to correct depths to water levels. 

9.0 Subsurface Characterization Results 

 Results from sediment and water sampling, physical property analysis, geologic logs, spectral gamma 
logs, well development and aquifer testing for each borehole are correlated to provide an interpretation of 
the geology at each borehole.  This section includes a discussion of the criteria used to evaluate and 
interpret the data.  The composite logs in Figures 6 through 9 illustrate the interpreted hydrogeology 
developed for each well.  These interpretations are consistent with Martinez (2003), Narbutovskih and 
Horton (2001) and Williams et al. (2000). 

9.1 Physical Properties 

 There was no analysis for physical properties conducted on samples from these wells except sieve 
analysis for particle size distribution from either grab or split spoon samples collected from the screen 
interval.  Particle size distribution results are provided in Appendix B. 

 Grab samples collected at 5-foot-depth intervals are described on the geologist’s borehole log located 
in Appendix A.  The wellsite geologist’s graphic representation of the borehole logs for the four wells are 
illustrated in composite logs (Figures 6 through 9).  The sample quality and formation representativeness 
of the grab samples, and thus the borehole log descriptions, are limited due to the nature of the drilling.  
At greater than 250 feet per day, drilling rates were fast.  Thus the airlifted return process for cuttings 
causes gravity separation of sediments based on grain size and density.  This process may have mixed the 
sediment cuttings from different depth intervals before the cuttings reached the surface.  When thin beds 
or sharp contacts were drilled, the returned sediments that were collected could not be completely  
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Figure 2. Vertical Profile and Bottom Hole Projections of Well 299-E27-22 
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Figure 3. Vertical Profile and Bottom Hole Projections of Well 299-E27-4 



 

 18

0

100

200

300

-20
-15

-10
-5

0-20

-15

-10

-5

D
ep

th
 (f

t)

<--- West / East --->

(ft)

<--- N
orth / South --->

(ft)

Directional Survey (Gyroscope)

Hole: C4127
Survey Date: 9/10/2003

Measured Depth: 297.5 ft
Vertical Depth:  296.5 ft

Max Inclination: 6.48 degrees
Hole bottom coordinates

(relative to surface)
  South: -5.76 ft
  West:  20.93 ft
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 20

correlated to their representative depth intervals.  However, near-continuous cored intervals in well 299-
E27-22 provide an accurate record of lithology and contacts. 

 The spectral gamma logs indicate the presence of sharp contacts and/or thin bed intervals that may 
not have been differentiated in the grab samples from the returned cuttings.  Consequently lithologic 
changes are not always documented in the geologic borehole log for these wells.  However, evidence they 
exist can be seen when comparing data from the vadose zone core recovered from well 299-E27-22 to the 
spectral gamma ray logs.  Figure 6 is the composite log for 299-E27-22.  The detailed core description, 
close-up digital core photographs and a detailed geologist’s graphic log of the core illustrate these 
contacts and thin, or sharp lithologic changes.  Detailed core log and digital core photographs are also in 
Appendix B.  These changes are not visible on the graphic log or sample photographs that were generated 
from evaluating the grab samples from the drill cuttings.  The spectral gamma ray logs have proven to be 
an important tool for identifying and accurately locating contacts and subtle lithologic changes that are 
important for stratigraphic correlations both within and between boreholes. 

9.2 Sediment Digital Photographic Log 

 A digital photographic log of drill cuttings is included in each composite log for the wells (Figures 6 
through 9).  Grab samples from the cuttings return line were collected for lithologic descriptions docu-
mented in the borehole log in Appendix A, for sediment archives, and for digital photography.  These 
photographic log presentations, compiled from 1-inch by 2-inch chip tray samples, collected at 5-foot 
depth intervals, provide a qualitative visual tool that reveals changes in major lithologic intervals (i.e., 
grain size, color, and relative moisture).  The digital photographic logs provide a means to illustrate 
subsurface lithology and related hydrogeologic features.  The interpretative value of these logs is limited 
by the sample collection technique, discussed earlier, and sample container size. 

9.3 Spectral Gamma Ray Logging 

 Based on processing by Stoller Corporation, cesium-137 was the only man-made gamma-emitting 
radionuclide detected in the four wells (details in Appendix C).  This contaminant is mainly near the 
surface in the boreholes but there are a few sporadic detections, near the MDL of 0.3 pCi/g deeper in the 
boreholes.  In borehole 299-E27-23 (C4190), cesium-137 was detected with a maximum concentration of 
0.6 pCi/g at 12 feet bgs.  Appendix C provides more details about the cesium-137 detected in the 
boreholes. 

 These data are used in the geology interpretation presented in Section 9.5.  No discussion of the 
shallow gamma ray inflections at less than 30 feet bgs is included because these inflections are difficult to 
correlate, reflecting dramatic changes due to shallow contamination, backfill materials, multiple casing 
strings, and/or recently deposited loose sediments. 

 For well 299-E27-22 (C4124), the gamma log plots of the naturally occurring gamma-emitting 
radionuclides (potassium, uranium, and thorium) indicate there are several distinct activity changes 
marked by inflection points at depths of ~48, 81, 141, 160, 185, 226, and 230 feet bgs.  These major 
changes correlate to either lithologic features such as bedding contacts and/or thin contrasting lithologic 
intervals or the water table (Figure 6).  The inflections at ~48, 81, 141, 160, 185, and 226 feet bgs  
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Figure 6. Hydrogeologic Interpretation for Well 299-E27-22 near Single-Shell Tank Farm WMA C 
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Figure 7. Hydrogeologic Interpretation for Well 299-E27-4 near Single-Shell Tank Farm WMA C 
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Figure 8. Hydrogeologic Interpretation for Well 299-E27-21 near Single-Shell Tank Farm WMA C 
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Figure 9. Hydrogeologic Interpretation for Well 299-E27-23 near Single-Shell Tank Farm WMA C 
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correspond to distinct lithologic changes identified in core samples from the borehole.  For example, 
digital photographs of intact core samples collected from this well are included in the composite log to 
illustrate the nature of two of the inflections at ~48 and 81 feet bgs (Figure 6 and Appendix B).  The cored 
contact at 48 feet is described as several inches of well-laminated, brown, silty, fine sand between 
gravelly sand below and grayish sand above.  The upper and lower contacts on the finer-grained layer are 
sharp and distinct.  In contrast, the 81-foot contact consists of 0.5 feet of weakly laminated, fine sand 
between layers of coarser, gravelly sand above and fine to coarse sand below.  The upper contact is sharp 
while the lower contact is gradational.  The inflections at 141, 160, 185, and 226 feet bgs reflect other 
lithologic changes that are visible on the composite log (Figure 6).  A graphic log developed from the 
detailed core descriptions provides an additional comparison to the grab sample derived graphic log. 

 For well 299-E27-4 (C4125), geophysical log plots of naturally occurring radionuclides indicate 
several distinct inflection points at depths of ~108, 183, 231, 236, and 270 feet bgs.  The inflections at 
108 and 183 bgs correspond to changes in lithology similar to those discussed in the paragraph above.  
The inflections at 231 and 236 feet bgs and a high total gamma peak found at about 238 feet bgs 
correspond to a thick, fine sand/silt interval approximately 5 feet thick that is recognized in the digital 
photographic logs at those depths (Figure 7).  The water table is located at the inflection at 270 feet bgs. 

 In the data for well 299-E27-21 (C4127), geophysical log plots of naturally occurring radionuclides 
indicate several distinct inflection points at depths of ~61, 178, and 271 feet bgs (Figure 8).  The 
inflections at 61 and 178 feet bgs correspond to changes in lithology.  The water table is seen at 271 feet 
bgs.  Similarly for well 299-E27-23 (C4190), log plots of naturally occurring radionuclides indicate 
several distinct inflection points at depths of ~118, 178, and 273 feet bgs.  The inflections at 118 and 
178 feet bgs correspond to subtle changes in lithology that are not readily apparent in the geology log or 
digital photographic log (Figure 9).  The inflection at 273 feet bgs corresponds to the water table.  When 
details of the geology are correlated to spectra gamma ray logs, it is possible to further define lithologic 
character within a given well and provide more confidence in correlating geologic units between wells. 

9.4 Aquifer Tests 

 Slug testing was performed in well 299-E27-23 (C4190) following construction and development, 
and at several different depth intervals during drilling in borehole 299-E27-22 (C4124).  The slug tests are 
performed to provide semi-quantitative estimates of hydraulic conductivity in the unconfined aquifer (i.e., 
the screen interval).  The slug testing results provide an objective method to evaluate the hydraulic 
properties of the formation.  Results also support interpretation of the aquifer system lithology.  During 
slug testing, the aquifer in both wells exhibited highly permeable intervals comparable to other wells 
completed in the Hanford formation. 

 Highly permeable conditions are also indicated from well screen development drawdown data 
collected during constant rate pumping in the wells.  Each well was developed at three different depth 
intervals within the well screen to remove excess sediment and to increase hydraulic communication with 
the surrounding aquifer.  Drawdowns ranged from less than 0.03 to 0.63 feet with pumps rates greater 
than 20 gallons per minute in all but one interval in all four wells. 
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9.4.1 Well 299-E27-23 

 A total of three standard slug tests, one low and two high stress, were conducted on October 7, 2003.  
Because of the high permeability in the test intervals, no usable test responses were observed for the low 
stress test where the test response is less than 0.03 feet, with a recovery of less than 3 seconds.  As a 
result, no repeat of the low-stress test was attempted.  Consequently, hydraulic conductivity (K) was 
estimated from high-stress test results.  As indicated, similar under-damped, oscillatory responses with 
rapid recoveries to static conditions within ~7 seconds were exhibited for both tests.  The under-damped 
behavior and rapid recovery are indicative of highly permeable conditions.  Slug tests, exhibiting this type 
of response behavior, cannot be analyzed using standard, over-damped response-based analytical methods 
such as the Bouwer and Rice or the type-curve methods.  The High-K analysis method presented in Butler 
and Garnett (2000) and Butler et al. (2003) was used to analyze the slug tests at well 299-E27-23.  
Because the under-damped test responses were very similar, results obtained from the High-K analysis 
method are quite comparable.  Estimates for K ranged between 328 and 354 feet per day for the two tests. 

9.4.2 Well 299-E27-22 

 Multi-stress slug tests were performed at four specific test/depth intervals within well 299-E27-22.  
Results from testing and analysis are reported in Spane (2003).  This letter report is included in 
Appendix D.  The reported hydraulic conductivities have been incorporated into the composite log for 
well 299-E27-22 (Figure 6).  The estimated hydraulic conductivities, ranging from 6,200 to 22,600 feet 
per day, are well within the permeability range of 3,300 to 1,600,000 feet per day assigned to the Hanford 
formation (Wurstner et al. 1995).  These data support the interpretation that the basalt is overlain by H3 
gravels of the Hanford formation at this waste management area.  In a small zone from 252 to 254 feet, a 
low hydraulic conductivity of 0.13 feet per day was estimated.  This low value may be related to hole 
instability since the open hole was not screened during the testing.  Alternatively the low conductivity 
may reflect the in situ conditions in the aquifer at this level or be the result of an artifact left from the 
drilling process.  At this time, the cause of this low value is not known. 

9.5 Composite Logs 

 Composite logs have been assembled for each well using the well as-builts, well development and 
aquifer testing results, the geologic descriptions of the sediments and representative graphic logs, the 
digital photographic logs, and the geophysical logs.  Stratigraphic contacts and key lithologic changes are 
identified where possible.  The composite logs for the new wells are illustrated in Figures 6 through 9.  
These interpretations are also consistent with Martinez (2003), Narbutovskih and Horton (2001) and 
Williams et al. (2000).  Recent surficial sediments composed of reworked Hanford, eolian deposits and/or 
tank farm backfill sediments overlie the area and range in thickness from one foot up to approximately 
20 feet bgs. 

 The Hanford formation comprises most of the thick (~230 to 270 feet) vadose zone in the WMA C, 
and is composed of unconsolidated sediments ranging in grain size from cobble to pebble gravel, coarse 
to fine grained sand, silty sand and silt.  There are several distinct contacts and thin, fine grain intervals, 
either silts or soil horizons that separate thicker Hanford formation sedimentary packages or intervals 
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such as the upper coarse grained gravelly sequence (H1 unit), the sand sequence (H2 unit), and the lower 
or basal gravelly sequence (H3 unit).  More detailed descriptions of these units are in Narbutovskih and 
Horton (2001).  The selection of these contacts is based on dominant grain size intervals and differences 
identified by the geologist sample descriptions.  These changes in lithology are illustrated by the digital 
photographic logs.  Contacts are also identified by the inflections and general curve fitting from the 
spectral gamma ray logs.   For each borehole, the inflections are dashed on the respective composite logs 
to imply a unit boundary or contact.  The contact between H1 unit and H2 unit is readily identified but the 
H2 and H3 unit contact is more complicated because of large, discontinuous changes in sediment grain 
size across the lower interval beneath the WMA C.  The contact between the Hanford H2 unit and the H3 
unit also appears gradational in places and is approximately located on each composite log (Figures 6 
thorough 9). 

 The thickness of the uppermost unconfined aquifer beneath WMA C ranges from about 37.5 feet in 
the north to 61 feet in the south based on water levels from the new wells and on regional mapping of the 
top of basalt (Williams et al. 2000).  The unconfined aquifer beneath the WMA C is composed mostly of 
basaltic, uncemented, loose, clean, sandy- to silty-sandy gravels that appears characteristic of the 
permeable lower Hanford formation gravel (H3 unit).  Although the CCU may be present based on Wood 
et al. (2003), there is not a contact with this gravel unit that can be identified between the lower Hanford 
formation H3 and the CCU.  If the CCU is present, it is not clearly defined. 

 Ringold sediments have not been identified in these boreholes.  Criteria used for determining the 
presence of Ringold Formation sediments and differentiating them from the younger, overlying H3 gravel 
include dominantly consolidated silty-sandy gravel, composed of less than 25% basalt, the presence of 
cementation, including iron staining, micaceous material and comparatively low hydraulic conductivities 
(< 55 feet per day) in the range of published results for known Ringold Formation sediments (Spane 
2002).  Sediments of this description were not found in the samples from these wells.  Only well 299-
E27-22 (C4124) was drilled to basalt, which was encountered in at approximately 268 feet bgs.  The top 
of basalt is defined as the base of the uppermost unconfined aquifer which in well 299-E27-22 is ~37.5-
feet thick. 
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Spectral Gamma Ray Logs and Gyroscope Survey Data Results 
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Gyroscope Data Table for Well 299-E27-22 
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Gyroscope Data Table for Well 299-E27-4 
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Gyroscope Data Table for Well 299-E27-21 
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Gyroscope Data Table for Well 299-E27-23 
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Slug Test Characterization Results for Well 299-E27-22 (C4124) 
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