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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).®) 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

(@) 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



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.



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 1D, 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.



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 Easting Northing Elevation
(Well ID) (meters) (meters) (meters) Comments
299-E27-22 575185.10 136685.33 Center of casing
(C4124) 193.383 Top of casing, N. edge
192.604 Brass survey marker
193.389 Top pump base plate, N. edge
299-E27-4 575032.02 136497.92 Center of casing
(C4125) 205.569 Top of casing, N. edge
204.685 Brass survey marker
205.575 Top pump base plate, N. edge
299-E27-21 575145.03 136407.21 Center of casing
(C4127) 205.728 Top of casing, N. edge
204.995 Brass survey marker
205.734 Top pump base plate, N. edge
299-E27-23 575069.46 136452.23 Center of casing
(C4190) 206.563 Top of casing, N. edge
205.661 Brass survey marker
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.



Table 2. Well Development Information for Well 299-E27-22

Pump Intake | Pumping | Drawdown Recovery Test
Pump Rate | Depth (ft btc) | Run Time (ft) Final Turbidity Readings Time
25 gpm 264.5 60 min 0.27 1.08 NTU, 504 ps/cm, 20.7 C NA
24 gpm 255.5 43 min 0.39 0.97 NTU, 490 us/cm, 20.3 C 9 min (100%)
23 gpm 243.3 43 min 0.44  |2.31NTU, 476 us/cm, 20.2 C | 12 min (100%)
ft btc = Feet below top of casing.
gpm = Gallons per minute.
NTU = Nephelometric turbidity unit.
us/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



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,
NADB83(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 ¥-inch diameter stainless steel riser pipe.



Table 3. Well Development Information for Well 299-E27-4

Pump Intake | Pumping | Drawdown Recovery Test
Pump Rate | Depth (ft btc) | Run Time (ft) Final Turbidity Readings Time
27 gpm 304.4 70 min <0.1 3.20 NTU, 516 ps/cm, 19.5C 10 min (100%)
26 gpm 295.4 50 min <0.1 0.74 NTU, 452 ps/cm, 20.1 C 10 min (100%)
28 gpm 283.3 70 min <0.1 1.16 NTU, 403 us/cm, 18.4C | 15 min (100%)
ftbtc = Feet below top of casing.
gpm = Gallons per minute.
NTU = Nephelometric turbidity unit.
us/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



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,
NADB83(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.



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

Pump Intake Pumping | Drawdown Recovery Test
Pump Rate | Depth (ft btc) | Run Time (ft) Final Turbidity Readings Time
23 gpm 306.7 63 min <0.1 1.24 NTU, 376 ps/cm, 20.0 C 7 min (100%)
23.5 gpm 297.7 48 min <0.1 1.64 NTU, 363 ps/cm, 20.2 C | <5 min (100%)
21 gpm 285.6 62 min <0.1 1.83 NTU, 353 us/cm, 20.7C [ <5 min (100%)
ft btc = Feet below top of casing.
gpm = Gallons per minute.
NTU = Nephelometric turbidity unit.
us/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 1D 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,
NADB83(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.
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Table 5. Well Development Information for Well 299-E27-23

Pump Intake | Pumping | Drawdown Recovery Test
Pump Rate | Depth (ft btc) | Run Time (ft) Final Turbidity Readings Time
26 gpm 311.3 57 min 0.14 3.93 NTU, 4.46 mg/L DO, 15 min (99.6%)
409 us/cm, 7.86 pH, 20.2 C
26 gpm 301.3 30 min 0.03 0.74 NTU, NA DO, 8 min (100%)
NA ps/cm, NA pH, NAC
6 gpm 291.3 78 min 0.63 3.00 NTU, 3.23 mg/L DO, NA
381 us/cm, 7.91 pH, 22.1 C

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.
us/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 1D 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 ug/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 ug/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 Sample Depth bgs | Cond nitrate Tc-99 Tc-99 Uranium

No. Date (ft) uS/ecm | pH | mg/L | (3-M) pCi/L | (ICP-MS) pCi/L ng/L
E22-27-22 | 9/3/2003 | 239.5-2425 | 447 | ND | 14.2 10.9 u BG
E36-27-22 | 9/4/2003 247-250 412 | 811 | 16.2 u u BG
E12-27-22 | 9/4/2003 252-254 429 | 795 | 184 14 u BG
E33-27-22 | 9/5/2003 260 439 | 798 | 20.1 38.5 U BG
E14-27-22 | 9/5/2003 268 563 |8.01| 311 80.1 U BG
U = undetected.
BG = below uranium natural background level of 3.43 ng/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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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

20



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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941 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.

94.2 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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BOREHOLE LOG

Page ] of 7
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WELL DEVELOPMENT AND TESTING DATA

Mmﬁr* LD L .-
Well Name: Well ID: Well Location: Date:
' 292-£37-33 c aay Last o2 C-Tank Earm oalalos

Reference Measuring Point (unless otherwise noted): TOP OF OUTER CASING (TOC)

Has the well been surveyed?

O Yes B No

lDoes the well have a cementpad? [J Yes K] No

PART 1

PART 4

STATIC WATER LEVEL:

Start of Job 2373 -bq’

Last Recorded Current

End of Job

Measurements Measurements

DEPTH TO BOTTOM:

Date: XS Date: oa\alon

Start of Job 34, 2"

cl lc

Endof Job ~

PART 2

WELL DEVELOPMENT DATA

Pump Modelg __
Intake Depth 5
Starting Turbidity, .

Ground Level

[ J

Pump Start Stop

(e® minD TS50 gt
ws 42 129%

LS
1Y

25 a@m
"‘5“%355 ('\ 2
(43 min) (
1412 1455 ko) >3 Qem

Koo + 1033 & 989> 352

\ %g\g-

i

Are there any reference marks on the casing strings? [] Yes

kx] No

Total Pumped 353\ aals.

PART 5

- N - e e .
Final Turbidity "»q \g'cn\ 2.3 COMMENTS: \oile  fuep a:&hna_u.g_a.n_:..x_-&am_a.un_._
XD SN/Range (PSl) >o o \n\ﬁ_.bﬂ_]_n_&_.._?_r_;_q- ‘
E‘BI_Q wes T Da3zaea’ (Toc)
STANTANEOUS S| ’
_\"Q LUG TEST Tasged abinn® 391,37 (0 Q) Qo D1\,
Static WG}QKLEVQI (TOC) MDO Teiooin iv gume ¥ vlveinie Dige
Transducer D}pln NG Arroxe oot 3Lu < ~vac
Bailsellne Start (h WS 1{.,&\\ 0 run LSBT Q‘ 4 on dade 'm---"f ) XN 26,7617
Injection Start ns<Q L . IUES
Baseline Start ) 7})5 N -
" Cond=d Aty s\ T2 357, 2 qem
Withdrawal Start )
lthdrawa 5%:(éd{‘ Ses gase D Lpe AnGS.
Slug Volume Al \{ \ 3 . T L Y
XD SN/Range (PS NN ' > 20 e
nge (PSI) VioL  Steotst - FinoQ xB 3p.0a9 . 49.€ Yo wcouvery
epared by (print name): Signature: e N
R; G el . < . oa\ta)os
eviewed by (print name): Signature: M Date;
LD UWalkeyr 7% ?[?Oﬁ-"
A-6003-644 (03/03
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FIELD ACTIVITY REPORT - DAILY DRILLING Page o_of 2
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FIELD ACTIVITY REPORT _
WELL SERVICES Page 1 _of L
Date Well No.coalay Rig Type/Model - Rig No. Contract/Work Order No. | Report No,
loal\=\e3|jaq-6ay-23 wee 38 ng Blg !
[Purpose Tastedl qumgs N Y 03 Re@A vh ey Reference Location EesT &F
. C ~Tank Farrm
HISTORICAL bAT‘A PUMP SYSTEM CONFIGURATION
Construction Depth aad.| ’ "
Casing Size Type _Set At Pume Tve ©:5 WE o
42,37 ~
4 ID 83304, SM. 1D 12808 7| Pump Model \8vou o3
Cesing Perforations Schedule Interval | Tubing Size/Type
G »
Length-Bott Intake
Woell Scr:arl[l] Type Interval b ot Fublng 0 Pamp o9 K:_'\
tow s loT ” -
e 55 sch 10 22806~ 268,037 | TUbing Length 240.0
Last Recorded Last Recorded Length-Top of Tubing to Reference Point
Depth-to-Water Depth-to-Bottom ° b e
" ’,
'.133.@4'(‘:1:(.) 1.3 (Toc) Pump Inteke Set st (Depth) 240.9¢,
Current Current Reference/Measuring Point(TD ) To? oFf <LAsSinG
Depth-to-Water Depth-to-Bottom
237,40 (Toed 29137 (ree) = _
Personnel Loy ne Chrisienser Materials Used 34 X 107 \ongq, 55304 ,
StartTime o gD » Dave DeToTtF geh. qo“.-;sllgbm e e.‘('
End Time s¥Ken JIones
Time rnford He Grurndly
¢ Yo 0.5 cw K
Contract Time it “Timm ﬂb‘l&)‘-\
Total Time A0 CeRe
[Har T naciene nactimez
Description of Operations/Remarks
0810 On site Oron CdlS. OGN\ —trewn dee gmﬁ ‘z&ﬁ ?hmg ;g"ﬁ’-ﬂa o, oPE Sty dg
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A € 4 A ja. ¥ Yo |
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2433 Adaptec \ocated drt\\ creun bagl<,

125 Testino  QueaQ. Qontrpl hn'.( nat. W"cmo- Frd of .5"\‘9'1‘ &‘{:'(: St

M&JMM%M “ool o cordrol oy
Report By Shas\ene Aartingz. LD Walker

Reviewed By -
Title _Gﬂlﬁ.i;\ﬁ'c . Tite Gw’f S f Date ?/-“"Jﬁl
Signature mﬁ%— sig ﬁ M

DISTRIBUTION: White-Field File Custodian Yellow-Group Files Pink-Project Coordinator Goldenrod-Team Leader BC-8000-278 (04/91)
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WELL SURVEY DATA REPORT

Prepared By: Neil P. Fastabend

Project:
Company: Fluor Federal Services

Date Requested: 9/29/03 Requestor: Chris S. Wright (FH)

Date of Survey: 10/31/03 Surveyor: Fluor Federal Services

Survey Dept.

ERC Point of Contact:

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

Description of Work:

Civil Survey of Groundwater Monitoring
Well C4124 (299-E27-22).

Horizontal Datum: NAD83(91)

Vertical Datum:

NAVD88

Units:

Meters

Hanford Area Designation: 200E

Coordinate System: Washington State Plane Coordinates (South Zone)

Horizontal Control Monuments:

2E-127 (FFS) and 2E-134 (FFS)

Vertical Control Monuments:

2E-33 (FFS) and 2E-115 (FFS)

f/lff!l/r/,‘_-

Well ID Well Name Easting Northing Elevation
C4124 299-E27-22 | 575185.10 /| 136685.33: Center of Casing
Top Casing,
193383 | ropCasina
192.604 Brass Survey Marker
193.389. | Top Pump Base-
plate, N. Edge
Notes: U1 LS EFAP 272 ZANINNNNNNS Y

Surveyor Statement:

contained here is true and correct.

I, Grant F. Brazil, a Professional Land Surveyor registered

in the State of Washington (Registration No. 22326), hereby
certify that this report is based on a field survey performed in
October, 2003 under my direct supervision, and that the data

N\
Ay
74
-
”
"
’

S AN

Original to:
Distribution by DIS:

A.15



Waste Management Project

NONCONFORMANCE REPORT DISTRIBUTION COVERSHEET

From: MSIN: Date:
Quality Assurance T3-02 10/1/03
NCR No.: STATUS: -
WMP-GPP-03NCR-010 Initiation [ ] Disposition [ ] Closure [X]

T0: MSIN
Responsible Individual R. L. Biggerstaff E6-35
Cognizant QA Engineer W. R. Thackaberry E6-35
Originator W. R. Thackaberry N/A
QA Manager D. G. Farwick T3-02
Facility Manager (if applicable) | N/A N/A
Facility Department
Manager/Lead (if applicable) N/A N/A
Authoritative Source D. B. Wegner N/A
PAAA Compliance Olfficer D. J. Riel N/A
QA NCR Coordinator S. L. Day T3-02
OTHER: (if applicable) MSIN
FH QA Programs D. D. Volkman H7-28
Contract Specialist J. D. Phillips, FFS H7-10

C. S. Wright E6-35

T. L. Hottell R4-02

R. J. Fabre R4-02

B. A. Williams, PNNL K6-81

D. A. Myers, CH2M (Closed copy only) E6-35

A.16




NONCONFORMANCE REPORT

NCR No. WMP-GPP-03NCR-010 Page 1 of 8
1. P.OJ/W.0./Job Control No. 2. Responsible Program, Project, Facility, or SSC
Contract No. 18618 GPP/RCRA/WMA C
3. Item or Material 1.D. No./Catalog No./Other 4. Dwg./Spec./Other No./Rev. 5. Safety Classification
Annular Seal SOW for Reg 100395 GS
6. Lot/Heat/Serial No. 7. Lot Size/Sample Size/Quantity Accepted 8. ASME Code Item?
Well C4124/299-E27-22 N/A [ ves No (If yes, notify authorize
: inspector.)
9. Supplier Name/Address 10. Suspect/ Counterfeit Item?
Layne Christensen Company [Jves [Xno
9001 Pacific Ave Bldg B (If Yes, Occurrence Report Required)
Tacoma, WA 98444 11. Procurement Related?
B yes [ Neo
(If Yes, Notify Contract Specialist)

DESCRIPTION OF NONCONFORMANCE

12. Description of Nonconformance
(a) Required Condition/Origin of Requirement

Contract 18618 Statement of Work figure 3, The CY03 RCRA Groundwater Monitoring Well
Diagram shows bentonite granular seal occupying the annular space between the 4 inch
diameter permanent casing and the borehole wall in the interval between the Bentonite
pellet seal (above the filterpack) and the cement grout (surface) seal.

(b) Actual Condition

A 170 ft. segment of 1/4" galvanized carbon steel pipe was lost within the granular
bentonite annular seal. The bottom of the pipe is reported to be at 217.2 feet below
ground surface. This just is above the 5 foot bentonite pellet seal. The top of the
lost pipe is 47 feet below ground surface. It is entirely contained within the annular
seal and is neither wetted nor in contact with sand pack/screened interval. The 1/4"
pipe was being used to measure depth to top of permanent meterials being placed in the
hole during well completion when a coupling failed and the segment was lost. At the
time the pipe was lost the 4 inch permanent casing was encircled by a 6 in ID inner
casing and a 9 inch OD outer casing. The presence of these two casings would cause the
lost pipe to be isolated from the formation (borehole wall) by at least 2.5 inches of

bentonite crumbles. See attached sket
Te |
J«Q c“/Qélh <life2,

Contract Specialist Acknowledgement
Print Full Name \ Signature  * Date

John Phillips
NCR IDENTIEICATION / VALIDATION

13. NCR Initiator .
WR Thackaberry M Q-j0-03

Print Full Name - ? Sfanature Date
14. NCR Validation. Initiating Organization QA Manager or desigate, "
DG Farwick K £ //0/0
Print Full Name o 7 Signature ate

A-7310-104 (05/03
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NONCONFORMANCE REPORT (continued)

NCR No. WMP-GPP-03NCR-010 Page 2 of 8

DISPOSITION

15. Interim Disposition (Check One) [X] N/A (See Final Disposition) [ conditional AccepvUse ] Other
Use only if actions are needed prior to determining final disposition or to facilitate continued work or testing on a conditional and controlled bas

Technical Justification, USQ or CX No. , required for "Conditional Accept/Use” disposition. Include the extent
and any required instructions.

APPROVAL

15.1 Design Authority or [_] N/A if not applicable

Print Full Name Signature Date

15.2 Responsible Organization's QA Representative or Manager or O] WA if not applicable

Print Full Name Signature Date

15.3 ASME Authorized Code Inspector or El NIA if not applicable

Print Full Name Signature Date

15.4 Other or [ ] N/A if not applicable

Organization/Discipline Represented

Print Full Name Signature Date
INTERIM DISPOSITION COMPLETION
16. Interim Disposition Complete (Check One) [ ] Complete [J nrAif not applicable

Responsible Organization QA or QC Representative

Print Full Name Signature : Date

FINAL DISPOSITION

17. Final Disposition (Check One)

B Accept-As-ls [ Reject ] Repair ] rework
(a) Technical Justification or Engineering Document Change (EDC), Facility Modification Package (FMP), or Design Change Notice (DCN)
Number N/p See 17 (h) (required for "Accept-As-Is” and "Repair” dispositions.) If EDC, FMP, or DCN Number is not

required, explain why and perform USQ screening in accordance with applicable procedure. USQ or CX No.

Use N/A for "Reject” or "Rework” dispositions.
The 1/4" diameter tube (170 ft long) was encapsulated within bentonite backfill. The
conical shape of the shoe of the working string forced the tube to lay up against the
4" S5 risor. This resulted in a minimun of 2 1/4" of bentonite sealant between the
tube and the formation wall. This is consistant with WAC 173-160 regulations, and was
approved by Ecology (oral conversation, followed by E:mail message.  Water quality
sampling will not be affected by the presence of the tube since the bottom of the tube
is 11 ft above the water table.

A-7310-104 (05/03

A.18




NONCONFORMANCE REPORT (continued)

NCR No. WMP-GPP-03NCR-010 Page 3 of 8

(b) Instructions for Completion. For "Repair” and Rework," include Inspection Criteria. For "Reject,” identify method of disposal, e.g., scrap, return
to vendor or other.

Use N/A for "Accept-As-Is.”
This well will be as-built on a Well Summary Sheet which will be entered into RMIS.
Assure that the presence of the pipe is documented on the Well Summary Sheet for C4124.

APPROVAL o
17.1 Design Authority 7 & . )
Richard L. Biggerstaff ﬂw./g»‘bﬁ‘f{ f//_s' 7k
Print Full Name SlgnMV' /’ 7 phte
17.2 Responsible Organization’s QA Representative or Manager | !
WR Thackaberry / %4,%&(4 7 T-/5-03
Print Full Name Slg ure Date
17.3 ASME Authorized Code Inspector or E N/A if not applicable L
Print Full Name Signature Date

17.4 Other or [] N/Aif not applicable
Organization/Discipline Represented Manager Groundwater Remediation

Jane Borghese [22.%4 7%5—_’ o3
Print Full Name Signature Date

CLOSURE

18. NCR Closure  [X] Approved Disposition Actions Complete and Verified Follow on NCR
QA or QC Representative
W. R. Thackaberry q-29-03

Print Full Name S/gjfature Date

A-7310-104 (05/03
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WMP-GPP-03NCR-010 Page 4 of g

Figure 3. CY03 RCRA Groundwater Monitoring Well Diagram.
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Message Page 1 ot 1

WMP-GPP-03NCR-010 Page 5 of 8
Thackaberry, W R (Bill)
From: Caggiano, Joseph [Jcag461@ECY.WA.GOV]
Sent: Wednesday, September 10, 2003 3:30 PM
To: 'Biggerstaff, Dick L'
Cc: Wright, Christopher S; Thackaberry, W R (Bill); Fruchter, Jonathan S

Subject: FW: well C4124 lost 1/4" pipe
Importance: High

| copied your message into a Word file, turned on the Track Changes feature, and made a few changes to clarify
meaning.

Please proceed as we agreed and as stipulated below. If there are changes from this plan, please contact me.
Please be sure to include the tremie pipe in the as-built drawing of the well to be entered into HWIS and, as
always, include paper copy of this electronic correspondence in the construction report for this well.

Please conduct an investigation into this accident and correct field procedures to guard against future
occurrences of this type.

From: Biggerstaff, Dick L [mailto:Dick_L_Biggerstaff@RL.gov]

Sent: Wednesday, September 10, 2003 11:32 AM

To: Caggiano, Joseph

Cc: Wright, Christopher S; Thackaberry, W R (Bill); Borghese, Jane V; Williams, Bruce A; Fruchter, Jonathan S
Subject: well C4124 lost 1/4" pipe

Importance: High

Joe—This is to confirm our telecom earlier this morning concerning well 299-E27-22 (C4124). The rig on this well
is a dual wall percussion type with limited space between the 4" SS and the 6" ID inner casing. Approximately
170 feet of 1/4" galvanized pipe (being used to tag backfill) was lost (coupling unscrewed) in the hole with the top
at ~47 ft and the base at 217.2 ft bgs, just above the 5 ft bentonite pellet seal placed over the sand pack. The
groundwater is at 229 ft bgs, or 11.8 ft below the bottom of the pipe. Multiple attempts have been made to fish
the pipe out of the hole; however, there is just no annular space to work in, and all attempts have been futile. The
plan we discussed is to place bentonite crumbles through the zone and to within 10 ft of the surface, thus
encapsulating the pipe within the bentonite crumbles between the 4" SS completion and the formation. Because
of the down-hole working system, the 1/4" pipe will be pressed up against the side of the 4" SS as the backfill
operation continues. Since the outer temporary casing is 9" OD, there will be sufficient bentonite to provide an
adequate seal after it is removed. The upper 10 ft of the hole will be cemented consistent with the prior-approved
drilling plan. Please confirm your understanding and approval of this communication by return E-mail

9/10/2003
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Joe--This is to confirm our telecom earlier this morning concerning well 299-E27-
22 (C4124). The rig on this well is a dual wall percussion type with limited space
between the 4" SS and the 6" ID inner casing. Approximately 170 feet of 1/4"
galvanized pipe (being used to tag backfill) was lost (coupling unscrewed) in the
hole with the top at ~47 ft and the base at 217.2 ft bgs, just above the 5 ft
bentonite pellet seal placed over the sand pack. The groundwater is at 229 ft
bgs, or 11.8 ft below the bottom of the pipe. Multiple attempts have been made
to fish the pipe out of the hole; however, there is just no annular space to work in,
and all attempts have been futile. The plan we discussed is to place bentonite
crumbles through the zone containing and including the galvanized tremie pipe
(i.e.. 47 to 217.2 ft. bgs) and to within 10 ft of the surface, thus encapsulating

the pipe within the bentonite crumbles between the 4" SS completion and the
formation. Because of the down-hole working system, the 1/4" pipe will be
pressed up against the side of the 4" SS as the backfill operation continues.
Since the outer temporary casing is 9" OD, there will be sufficient bentonite to
provide an adequate annular seal after it is removed. The upper 10 ft of the hole
will be cemented consistent with the prior-approved drilling plan. Please

confirm your understanding and approval of this communication by return E-mail
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WELL SUMMARY SHEET
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Start Date: o3 Lialos
WELL CONSTRUCTION SUMMARY REPORT Finish Date:
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WELL ATTRIBUTES REPORT
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BOREHOLE LOG
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BOREHOLE LOG
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BOREHOLE LOG

Page & of 8
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BOREHOLE LOG

Page o of @

Date: ;g\ 3103

WellID: ¢, 4vas

Well Name: 544-£237- ¢

Location: y,vegr o C-Tank Carm

Project: ¢y 03 Re®A Arillina Reference Measuring Point: G veynd SycCace
=
Sample Sample Description Comments
D{?:?t)h Tvoe | Blows GrLaphic Group Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling Method
- ﬁ'g Recovery| - g Color, Moisture Content, Sorting, Anguiaritl_gl(bimneralogy, Method of Driving Sampling Tool
: : j i ion to
a E C\ n LA E?j?;‘.%; «l‘g 00— ! alalm g _QraasM X
Cﬁ__% '; '}; =N (> ek Y0 i £ R-sA |a" oD Aual— woall cgaine
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2‘; ng - . H £y 45 et 2 ! archy
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_ Signature: 0 S\p 0o o "\:v\a;(,_‘:i —ITDatebsltslos

Reported By: Cingrlene nrartinerz Reviewed By: Led. %/A@,}-
Tite: Goe olog i T Tite:  Geclog st

P .. |oate: 7/20/s3

Signature:
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A.35



BOREHOLE LOG

Page 7 of ¥
Date: o8{\3 (03

WellID: e uias

l Well Name:aq - 277~ 4 -

Reference Measuring Point:

Location: se T Cﬁ C-Tank FTarm .

Ground Surface

Project. eN©3 Rern avilli no
Sample ‘ Sample Description Comments
Depth Graphic Grou — - T - —
. p Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling Method
(Ft) Th);g.e RE:I;?;::W Log | Color, Moisture Content, Sorting, Aqg#!taglgérllneralogy, Method of Driving Sampling Tool
alaW A lA 0 o
WG | Bacloer Damemer uoing
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- = a L = | caleed 240" archive, 7 |
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LReported By: C \navlone Mrartines Reviewed By: L D. %,/@;—
Tite: (o olonsZ Tile:  Gegplog (st
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BOREHOLE LOG

Page & of 8 _

Well ID: e.

as

Well Name:

q9-~-£2a7-4

Location: upest- ©of C-Tonk Farm |

Date: 0813103

Project: C4o3 @QCe¥V drilinag Reference Measuring Point: G roynd 5ur-('q_c_.¢_
Sérnple ‘ - Sample Description Comments
Depth Graphic S — — - Tt Do et
roup Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling Method
(Ft) Tﬁ«ge Re?é%“::ry LG | Color, Moisture Content, Sorting, Angularity, Mineralogy, | Method of Driving Sampling Tool
i Max Particle Size. React &
haa A A A geskec Hammer usi
. oy At oD dual-Loall tasing
iah : Colesd 280 archiva
S Y ! : 2 m=ved | co\eeX 2@ qoehl,
Jenan Y d
- onsall caaNONT
A0 ‘Jf -
P ey 2 Col\ect 220 grehiue
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Du__é K(Lw ) e rly s oA -
A{pnar ~ - . Colh LT H
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— 35:"*1'-3 So\leek C
- = Sieve ana\ysisCfrom
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_ nih t.u‘c.lom)@ 3o\~ 303 0l
b W i -l CE"v—eu.:-eA\ rnd= sorded. st~ & -
_-é;’:q‘:u altr e Colle T 30¢ archiv=
30— 8RS coVe I 384 acchive . |
)
| to=spawb S
. To=>3W bas
e
1t am

Reported By: ¢ Maclevre rartine e

Reviewed By:

4.0, Wealker

Title: C:w_o&cc\\‘: &T

Title: Geolog st

I Data:?Z?C_}/@

Signature: Qg}wg&_&_._,“\tv;e;&;_& TDS‘S: o8hales
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WELL DEVELOPMENT AND TESTING DATA

R—P?mr‘f\' Vifoge ) oF '

Well ID:
T ULas

Well Name:
2a8-€37-4

Date:
orlisfog

Well Location:
bwiesT of C- Tang Eaem

Reference Measuring Point (unless otherwise noted): TOP OF OUTER CASING (TOC)

Has the well been surveyed? O ves X No Does the well have a cement pad? Yes [J No
PART 1 PART 4
STATIC WATER LEVEL:
StartofJob a54.39° Iﬂaa:atsi?:r?:::tds fﬁg::z:emenfs
End of Job Date: Date: panie los

DEPTH TO BOTTOM:

Startof Job 3\, .5 ¢ * cl {c
Y | | A
End of Job !
PART 2 4 +
WELL DEVELOPMENT DATA A A
B B'
Pump Model {'f‘;\w\c.\'-ﬂ S ¥ suomersiblel Ground Leve!
intake Depth apz o ° |
Starting Turbidity )
Pump Start Stop Flow Rate | A~ —0\8 A=_288
. — —_— B= B'= 1.3%3
c= c=_\gs’
Are there any reference marks on the casing strings? [ Yes [X] No
Total Pumped PART 5
" . g T : N

Final Turbidity COMMENTS \200  On SiHR. . u&'q:ﬁ\f\:\‘ Loe det\ ey Yo
XD SN/Range (P__SI) 0.0 esi Lininkh soucl n& ¢ uioy.
B@.—a 1335 Thidial nreasartnewts =d g2 = 334.38 Toc

\'Q.STANTANEOUS SLUG TESK TO= 3135 TOc . DSl ia well.
Static \Na\ter\l"e‘IIreI (TOC) \ads Sext ina L@ Qump CQ"&'in% e “"t'
Transducer DM V32D dripeing vn Qerap ket verais OV o4

- PEng: R : 2k
Baseline Start cb\& 1330 Calibratine insteymerts -
Injection Start ‘“@L VS Pies i i" . A
e i in owrring transduces

Baseline Start )& 1A=

Withdrawal Start

G:cél.\ r-end'-ng‘s Prom Bermit, Puded transducer we.

IStuck. “Feile oul Feewnvnie olpR, Teps Hranmsducee 30 akaul
; : R4

Slug Volume

Rurne, Beip tn £io0. Done , RaStunp in
¥ v f

H.r

XD SN/Range (PSI)

M AS  boely veadings Lcom Yevmit, Wil Take Yo pfific,

=pared by (print name): Signature: Date:
Crarlense onoetinez, Sanlone ML‘:& O"\ll'»0103

Reviewed by (print name): Signature: Date;
L.D. Walker 7y 4 9/20/03

A-6003-644 (03/03
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WELL DEVELOPMENT AND TESTING DATA

?\P?Qri*';}- Tage | of A

Well Name:
_2qa-£227 -4

Well ID:
Cy1as

Well Location:
west of C-Tank Facm

\ Date:

oqlyle®

Reference Measuring Point (unless otherwise noted): TOP OF OUTER CASING (TOC)

End of Job 5y 357

Date:oql o]0 3

Date: oq| “\03

Has the well been surveyed? [J Yes K] No l Does the well have a cementpad? [¥ Yes [J No
PART 1 PART 4
STATIC WATER LEVEL:
Last Recorded Current
Startof Job 544497 Measurements Measurements

DEPTH TO BOTTOM:
Start of Job 5, 3. / cl | yC
Endofdob  aip + : : !
PART 2 4 M K
WELL DEVELOPMENT DATA A .
Pump Model x 8 Ground Level &
Intake Depth 30, .y~ \msa | — | |
Starting Turbidity a5 | a8 | ' — )
Pump Start Stop Flow Rate | A= —23% K a8
| (‘nhuns)qs‘v{\ﬁ"‘c’ﬁ &Qa B= tLass’ B'= (337
o " 3. .
Lo 0D 050 3 e C= 1485 | C'= 1<
\€UO X R0 ™ BHD dals
L
Are there any reference marks on the casing strings? [ Yes [ No
Total Pumped  3,4p gas. PART §
Final Turbidity >, _ \"> o4\ — | COMMENTS:

XD SN/Range (PSI) a\s

FRRT3

INSTANTANEOUS SLUG TEST

30 Teoing 3o aetf~4ape into o
NN N \

QS| 15t

Static Watd Level (TOC)

040D Lo.D-Lw‘*M&:n§
QLIS On Sidk. Preearedn develnp well. old=Lishioned Methpmedd

Segth

Otfd  Calin rg-_‘.n:; inatrumends .

o) [} G-r.»iac\:‘i{{ ois caleplabred e s Lime whas o

Transducer D
Baseline Start ('Na—..

A.39

r ‘lr - LY k]
‘n]ac“on Start ¢ m RO Bunwing in F-rdaee Try g al
- “ £ L] l.l‘j 20 LY
Baseline Start A\ q. D3 Aendy 4 WNoak: Woset values YDZ 274,99 1oc
Withdrawal Start Yy 08E Too A asee oL
Slug Volume N ‘{ Tork S vy n = / |
XD SN/Range (PSI) \.7 ag 2 for imoasurementts
- 3pared by (print name): Signature: Date:
| © vacenenracting Q0o rle s Mraitig 2aluloy
Reviewed by (print name): Signature: p Date;
LD Welker i 9/30/03
A-6003-644 (03/03 -




FIELD ACTIVITY REPORT - DAILY DRILLING

Page 2. of R

Date: oq|1plo3

“elllD: cyrvas Well Name: sqa_ 7 37~4
Jcation: et of C-Tanlk Tacwm Report No.: 7 (w-e_\\ Mm$mnt§
Start Finish Total
Time _@1 L0 Time V1S Time S.285 hes
Hole Depth/Csg —0\B____ / v\ Hole Depth/Csg — M\ /_ v\ |Hole Depth/Csg —n\Q [/ _n\f
Reference Measuring Point: Casing StringNo. 1 2 3 4 —___  Rod Size:
GROUND SURFACE See Report No. 1
Time/Depth Description of Activities/Operations with Depth
Erom To (Attach applicable drawings and document straightness test results)
=k P
Test Intoeke 521 @ 3044 T0¢
ATW ”s’m o
Timg IX¥nEO | Turp lCom T 4 0348 Puwap shyt o £f  Becdvery desi
o0, |9ua3lsia  lsaa Waa | 098¢ 3Tep tesy. 343a” 1n0% recavens .
om0 (27433 |4pY |s2a {19.a
o8 [2043%| 350 lsaa 1193 | 099C wove inteke up 9 Gntake SOM® 2964 Tac
legad  In7d3) | 3.9 Sie 1'%,
0230 27430 1300 [$13 11945 1000 Start 2nd +esC (945.4™Toc) X0 = 39429 Tuc.
o435 (224301208 |Sie .\%‘J Bolding s-;eua:.' XD > 294, 3¢Toe
T W %—
2940 [374.30173.30 |34, !H-S Taaitiol cead: agSIXDS 214,31 ‘ru\mn{gga SLonp MS?R M
Teet ™ 3 (aa5.4% o) T=2.0¢ "3 opu e
. WT e | e KAl
Time  XDlEL) fru sonp | T Q
1910 294.3/12.65 |42 |189 \WO0SO Siop &% Pm%{mr rruck S,
to %o | 274.3( | t.(ea | 453 (200 \S SO _&g%tn‘ rﬂcnu-!v-:lk«f-e.sf-
\ou® {2943 logq usi L 1a9] WoO @ecnvery complode. ¥O T 234.30" ToC.
ws'o  [3va.y) |o.7q  l4sa |~ou 102 %o ve ¢ oy,
s 6%103‘:'5'5 oL s g0, Side =L dousn
{A*‘\\-\q‘ Adua 4o F.W, SMV\%&Q; Ociheel
J Walpec 40 g0 +0 T - le
q#ig_m;;\‘. Re ‘ooglk ¥e resume g \\
\"-‘::—_—-% o dtuvelep ment ‘v .m. usrn& St T
M 2000 dade \vacor.
Loq\ " NN
Y

sported By: ¢ \nowrbaine o ez

L. Whalfe s

Reviewed By:

Title: Gep\eaist.

Date: o o\ y\ 03

Title: beolog, st
o

Signature: /ﬁ M

l Date: ?[?94 2

Signature: ¢ oo nls s M arkia,
=

A-6003-651 (04/03)
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WELL DEVELOPMENT AND TESTING DATA

Repoey  3:Pagl o

Well Name: Well ID: Well Location: Date:
293 -g27 -4 e L3S woger of C-Tawt Carwm o‘\li\o%
Reference Measuring Point (unless otherwise noted): TOP OF OUTER CASING (TOC) CY

Endofdob . .5

DEPTH TO BOTTOM:

Date: oal wlo3

Has the well been surveyed? [ Yes No l Does the well have a cementpad? [ Yes [d No
PART 1 PART 4
STATIC WATER LEVEL:
Last Recorded Current
StartofJob 5.4 29 Measurements Measurements

Date: onlialo3

A4l

. StartofJob 4\ 1¢ ¢ cl lc
L ]
ENd of JOb 5, » T N
PART 2 Iy 117 7'y
WELL DEVELOPMENT DATA A A~
B B'
Pump Model Franltlin SHP Ground Level
Intake Deplh 293.3 - [ I
Starting Turbidity ¢ . .
= n.2x" A= 2.9%
Pump Start Stop I Flow Rate
1O MY AS) [T = < ‘= '’
S F;}S'} 28 gom L33 B=_1\33
C=_.ss’ C'=_ 85
L
Are there any reference marks on the casing strings? [] Yes [] No
Total Pumped G %q\\ ons PART 5
" " " . daue )
Final Turbidity \.jp; sy yy COMMENTS: 5, oot P.o.0) + ting, Discuse well
XD:N!Range (PSI) 200 OGla_on site, Rrxpave for stage 3, uaing Meemit data loggen
h\_T_E o0tlS  Calibpoing instrumeds
“WSTANTANEOUS SLUG TEST T Waint. Add &'s: _
Static Wa}e\Level (TOC) Ol &S W f S I —2. %1
Transducer De\pﬂq “ Y
A - T e
Baseline Start N? Y.y , e Cnaer tg. ’ >
Injection Start e T1%,3%  TuRRE 356 NTU . vneasust meshs Usied helnd
Ny
Baseline Start E:_\.(\?/ Time | D& [ Tues [can % ne_ﬁfm 2> Noo este,
Withdrawal Start Q%\’% oLs®12:392 e {yoa |18.3
Siug Volume :\f \{ 0719 |9.283 [1.70 |apa | p.y
XD SN/Range (PSI) 0130 (3347 |y.a8 |Yoa [\8.D
‘epared by (print name): Signature: Date:
_Svor\ane ot ne R O anles Mredtn g sal1ales
Reviewed by (print name); Signature: N, Date;
L. Wee/Kor ) 9/30/03
A-6003-644 (03/03



Page 3 _of

FIELD ACTIVITY REPORT - DAILY DRILLING

Date: 0911303

WellID: & (e

Well Name: 299-£29~4

Time Qlog

JCAtIoN! Loest of C -tank Carm Report No.: 3 ( o\l de ut'\ol\)m-?n’()
Start Finish Total

Time 03D Time 2.5 s

Hole Depth/Csg

| = Hole Depth/Csg = = Hole Depth/Csg = /

Reference Measuring Point:

o425 |o3epn

Casing StringNo. 1 2 3 4 Rod Size:
GROUND SURFACE See Repor{ No. 1 e \\ ! :I . F evit
Time/Depth Description of Activities/Operations with Depth
From To (Attach applicable drawings and document straightness test results)
Readivascn ?M?v
(")

Time |Xn(ge) Mraeg | Coma 3%
Oy |8 a4y [lys [40S [\R.0
S5

€ FAHY (11 (493 189

0263 Pungp Shudk 800, Gegin ;g;mm:[gggg;('“s on data lnﬁﬁ“) End TR, Cival (D

o8> |5%.310" 1007 rﬁb::ow;-é .

a%ha

Tes@ouog ook ~veraanio, oige 'l"-Duu.-.._,l‘}

Qua_e.‘nd-o_r Arurk 0L Side 4w b W‘H-QA

£9c3 |oq\®

oo

C_Huuunn =340 ?r«._'\nn-ﬂﬁ'o %< decon v m;:f Yo Cdiad. ol siye

-.mo:]aa c\;l.w => >vu.a¢ TOC

'tq%c‘.:a:k'\‘b =5 3 ?.6 ToL

<
oy Sty
TR
=J N\
\
\
\
3ported BY: & bae Ve e oot vie 2 Reviewed By: Z. D. LW /ker

Title: Cog 1. oo\ T

] Date: 0q] 13\ g3 | Title: beo /‘}f ed | Date: ?ﬁ‘o/ps'

Signature: o O e x00. » Vaa s o o Signature: {{9 M
o\

A-6003-651 (04/03)
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FIELD ACTIVITY REPORT
WELL SERVICES

Page _1 _of _1 __

Date Woell No. ¢ <125 | Rig Type/Model Rig No. Contract/Work Order No. | Report No.
l_aq‘. wal ] 29a-€37-9 uawmp cla L
Pupose Tnstall pumes in o3 & C owaells Reference Location Lo st oF
C-Tawnk ‘:qf Lig!
HISTORICAL Dﬁ'[A PUMP SYSTEM CONFIGURATION
’ Pre-Maintenance Post-Maintenance
Construction Depth 30796 bas -
Cau&q Siu Type Set At P Twe 0.7 HP  [Grund o3
ored T ALO3O 137
_;_c__;-;,oq sc ot 1.9 = 27035 | Pump Model Model)
Casing Perforations Schedule Interval 0,95 1! &b
asing ol o Tubing Size/Type 35309 s 40 .
- . Length-Bottom of Tubing to Pump Intske | | -
0 « W\

Well Screep(s) Type (4 zp) Intervel : -
$5 304 schip 37033 — 308, 3 3] Tubing Length 2%0.0

Last Recorded Last Recorded Length-Top of Tubing to Ref Point

Depth-to-Water Depth-to-Bottom * = ok

4
274.22 ) | 3 W35 " (qoc) | Pump Intake Set st (Depth) Ja1.L
Current Current Reference/Messuring Point
Depth-to-Water Depth-to-Bottom ’
- 4
279432 ()| 3W. 35 Croc) (""oc_._) Top of Casivg

e Chrisdnsen
v Dg\a&’.ﬂ"
. lan Jones

Personnel La
Start Time Qo © E

End Time ©€10

PMaterials Used 28 X
55 304 sch. 4o,

yvo” 1onq Sectiens
0.75 "o P Eremmie

' ~ toughens (ss)
cmm:: N E '*\i::f:.\::r:)“ :::ir Grund Fos &ed' 103 gum(-
< .
Totsl Time 2,28 hes | vt am :-h::rhm“\rmd.mﬂ_
Description of Op /Remark
leoo fo.n\ 3«&'1-& roceeting
5] ' mis ©iQL.
p630 DN crewd On Site. Stﬂ‘nng be Clg:
0640 Taqaeed q.v9. 3= d9d.a1” CTocJ
.‘gm_u (roe)
QeSO Tf’-pa-n:‘ in o©.3 7 Q;uvd&g Regd; Li03 2ume ¥ 0.5 oD sS 304y,
Schedule 4o trgrmmie pipe.
o080 Lowrer, 4o mave S 4iad
gaes Dell eww ¥ otq off sive

G!E"S%]SL I&Q%)gsl glnna.
23 Pumx‘: Ye=dod, \WOocks @

Al —

\

TR

Report By So\vacliane “nactinez Reviewed By L.D. WQ f/{’g,!‘
T'h:lc._(::S-f-""‘"'\-5t Title 699_1031_‘5‘)1 Date ?/?9/03
Signature S&MM Signature 2. M

DISTRIBUTION: White-Fisld File Custodian Yeliow-Group Files Pink-Project Coordinator Goldenrod-Team Leader

A43

BC-6000-278 (04/91)




WELL SURVEY DATA REPORT

Project:

Prepared By: Neil P. Fastabend

Company: Fluor Federal Services
Date Requested: 9/29/03 Requestor: Chris S. Wright (FH)
Date of Survey: 10/31/03 Surveyor: Fluor Federal Services

Survey Dept.

ERC Point of Contact:

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

Description of Work:

Civil Survey of Groundwater Monitoring
Well C4125 (299-E27-4).

Horizontal Datum: NAD83(91)

Vertical Datum: NAVDSS8

Units: Meters

Hanford Area Designation: 200E

Coordinate System: Washington State Plane Coordinates (South Zone)

Horizontal Control Monuments:

2E-127 (FFS) and 2E-134 (FFS)

Vertical Control Monuments:

2E-33 (FFS) and 2E-38 (FFS)

Surveyor Statement:

i contained here is true and correct.

|, Grant F. Brazil, a Professional Land Surveyor registered

in the State of Washington (Registration No. 22326), hereby
certify that this report is based on a field survey performed in
October, 2003 under my direct supervision, and that the data

Original to:
Distribution by DIS:

Ad4

Well ID Well Name Easting Northing Elevation
C4125 299-E27-4 575032.02 136497.92 | Center of Casing
. | Top Casing,
205.569 N‘.’Ed;:mg
204 .685. Brass Survey Marker
205.575 - | Top Pump Base-
plate, N. Edge
Notes:

JRRRZRREISSSSSSSSSIN)




Well 299-E27-20

Decommissioned due to bit refusal

Not completed

A.45



Start Date:
WELL SUMMARY SHEET 02128l03 Jpage 1 of 3
Finish Date: p@\0% o3
Well ID: ¢y~ Well Name: y3aq-£2%-20
Location: yoeet & ¢-Tawnk Farw Project: t o2 RCR A Ariiling
Prepared BY: ¢y _ c1oue ‘nactinez. iDate:ﬂlbqlﬁ Reviewed By: LD, Wa /%e, [ |Date: 8 / ! 2.4?3
Signature: ¢ Y \arlo~e oo Signature: //!:9 4%%’_
CONSTRUCTION DN;“ B GEOLOGIC/HYDROLOGIC DATA
epth in
Description Diagram eet GrLaop;lc Lithologic Description
™ # -
m;baau&mgpm'a o ‘ e =G
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WELL SUMMARY SHEET

Start Date: &9|a@ \ox

Finish Date: ¢ |pSlo3

Page  of &

Well ID: ¢ diaig

WellName: n qq-& 371-30

Location: woesZ o8 C-Tawk Farm

Project: ¢ ¥yo3 RCRA Acilling

| Date: o |10y

i ~
Prepared By:q \a v tone \max-tines ReviewedBy: [, 0. Wa/Ker [oate: 3/12/p3
Signature: ww@ Signature: %) M
CONSTRUCTION‘D_S\TA Decth| GEOLOGIC/HYDROLOGIC DATA
epth in -
Description Diagram Feet Grfophlc Lithologic Description
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BOREHOLE-LOG

Page ) of 7 |
Date: o4 | ~28lo 3

Well ID: < sy

Location: vy, of -

| Well' Name: 2Q-E 2 1;. A0

Tonk Eorm

&nnh né 5H:£gg.=g |

\,

Project o _y 03~ AchnA 'd_,. Ming Reference Meaéuring Pbint:
' _ Sample | Sample Description Comments
D(?:?t]h “Tvoe | Blows. Grfop hic [~ roup Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling Method -
ul B ol ™ 8- | Color, Moisture Content, Sorting, Angularity, Mineralogy; | Method of Driving Sampling Tool
.| o _[Recovery Max Partidle Size. Reaction to HCI i
lo B8 A -1 Rogkfil wederial, Crushed [Secec Hammer wsing
) 5 H t;.‘r PRI ' 8" oo .clom.'k- won '\ Qmﬂﬁ_
. ] e G !
T v e | '
5 2 i, 28NS [ QoW & anchi
v v ¥ us i . i
LA WA '
; va’ ge 57
M_f_&g__su N <%0 . tolleeX 10" _a.ec)f\:u-ﬁ.
Nl wousd, wead-socted, SL-A lasalbie,
q‘ oy " ) 3 . <
. nen~basatiic. A.gY¥3L3
£ o\l win CmighSt) ., waicoceous .
o ey Ta\ WL toVect VT acrcdiue
3f_ ’ o’ !(

_ISo\ecx 207 arghive

=%

icon 2.5 Y3l

Al

u"Li.h wro (Mﬁ':.‘)t]

W .
~ I

d, 400 baseAt,

S gz,-f b ! :

I's

€1 255l aranicin

1 v erguwnCongist) Ne rxn WA
Reported By: [\ ....I;u,\__t_.-t;“ n_@. n—t::. Reviewed By: LD W/ ke i~
Title: Cor o e o a2~ 2 Titl: ____Geolog 5T :
Signature: ' |Date: 7/30/03
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Page 2 of 7
Date: 5524103

BOREHOLE LOG

WellID: C <l |Well Name: 2a9-g 37- 30 |Location: Loest € G- Tank Carm
Project: ¢No2 R dei\\L “& } | Reference Measuring Point: G_,\-gcmc) Sur face
Sample Sample Description Comments
Depth Graphic Group Name, Grain Size Distribution, Soil-Classification, | Depth of Casing, Drilling Method
) i ; pth of Casing, Drilling Metho
(Ft.) Tﬁge RE{I:%?:W Log Color?MoIstum Content, Sorting, Angularity, Mineralogy, | Method of Driving Sampling Tool
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BOREHOLE LOG

Page 3 of 7
Date: 51| 33 o~

Well ID: &_du 2ty | Well Name: 19q~+229-20

Location: wwest, of C -~ Tank Cacwm

Project o3 RceA dr \‘ma

Reference Measuﬁng Point: G roungd Sy rfoc—<

Sample ) Sample Description Comments
D('e:?t]h Tvoe | Blows Grf phic Group Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling Method
) ,3;2 Recove! g Color, Moisture Content, Sorting, Angularity, Mineralogy, | Method of Driving Sampling Tool
: ry Max Particle Size, Reaction to HCI Sampler Size, Water Level
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BOREHOLE LOG :  |Page 4 of 7
Date: o9lag |03

Well ID: ¢_4yriab |Wal| Name: jaq_gan-ap |Location: boe s of C-Tank Carm
Project: LNO3 R dri\\y n& Reference Measuring Point: €, cound 5 1 cfoc-e
Sample Sample Description Comments

Depth y Graphic [=&750p Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling Method
(Ft.) | Type | Blows Log p Name, ' ; , p g, !
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BOREHOLE LOG

Page S of _7
Date: s~ laglp =

(WellID: < diagg

—l Well Name: 3o~ 3q-20

Location: woegt- o € C-Tank Tacem

Reference Measuring Point: G ¢ o und SucLoc-t

Tewat

Project e No3 Bera driiling
Sample . < Sample Description Comments
D T Biows | '2PhiC "Group Name, Grain Size Distribution, Soil Classiication, | Depth of Casing, Driling Method
(Ft.) | Type S g Color, Moisture Content, Sorting, Angularity, Mineralogy, | Method of Driving Sampling Tool
No. |Recovery, icle Si tion to HCI
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BOREHOLE LOG

Page { of 72
Date: 0v[28{0®

Well ID: e_y\ Al

Well Name: Qaq-iZ a5-2.0

Location: Lse <z oF

S~ Tank Favm

Project: ¢ No3 RcRA At l

Reference Measuring Point:

: Gr"nund .Sut“'cﬂt&.{_.

ing
Sample g = Sample Description Comments
Depth raphic == — PrwTr - - - —
p Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling Method
(F?') Type | Blows Log Color, Moisture Content, Sorting, Angularity, Mineralogy, | Method of Driving Sampling Tool
No. |Recovery Max Particle Size. Reaction to HCI :
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BOREHOLE LOG

Page 7 of %
Date: 07 | 28(a3

| Well Name: 294 -£.37-20

Well ID: T 4126 Location: jjese &€ C-Tant Facw
Project: ¢4 o3 ®cln Deslly “a ) Reference Measuring Point: G g und. Surfoce
Sample ) Sample Description Comments
D(etth -Tvoe | Blows Grfophlc Group Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Driling Method
) R;p R e 9 Color, Moisture Content, Sorting, Angularity, Mineralogy, | Method of Driving Sampling Tool
0: procoven Max Particle Size, Reaction to HCI '
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StartDate: oy (5% (03
WELL CONSTRUCTION SUMMARY REPORT Finish Dateng (o 4 Jo3
Page L of _ !
11D & aayaye |We|| Name: sqq-£45 -aD Approximate Location: toosT =€ C-Tanlkk Tarm
Project e o3 fcR A &ei WY % Other Companies: &% , ¢ 3 é
Driling Company: Laywe Clyristense : Qeokght(s): €- astinet, “M-3: Wecking
A0 1
Driller: cyeis Lo License #: L 28.
TEMPORARY CASING AND DRILL DEPTH DRILLING METHOD HOLE DIAMETER (in.) / INTERVAL (ft)
*Size/Grade/Lbs. Per Ft. Interval Shoe 0.D./LD. | Auger: Diameter From to
: - 7
Oualowa\l cackon slpal, |-R - 28BS | 9" Cable Tool: Diameter From to
Bx a's e Air Rotary: Diameter From to
Cinner) — A.R. w/Sonic: Diameter From to
— Diameter_ " From_ 0" to 27%8.5
' (Reverse A1) Diameter From to
*Indicate Welded (W) - Flush Joint (FJ) Coupled (C) & Thread Design Diameter From to
Drilling Fluid:  n R
Total Drilled Depth: 498, 5 ‘ I HoleDia@TD: = t Total Amt. Of Water Added During Drilling: —
Well Straightness Test Results: 0 \ f Static Water Level: 553,15 [ Date: o laalo=
GEOPHYSICAL LOGGING
Sondes (type) Interval Date —— Sondes (type) Interval Date
- = [k -
COMPLETED WELL
'\w.mmml Depth Thread g{;’; Type h.nnuhy!sﬁr&;?tlu?m Volume hé?zsah
— ik Corve Comeny (860 [ @ - A0.37 [14vags (1D
—H - y 7
NP G ranwlar Bondonite (50°)[ 103 - 2ed¥ |y 4y Sdn | |
- -
T Saloradn silicn Csard (0 )| MAR™ - VRS | Wioags [10-20
OTHER ACTIVITIES
Aquifer Test: & I Date: Well Decommission: [ Yes:™~ Ho: lDate:
{
Description: ‘\[\“‘L Description: The e monnisaioned oncBlod)od. Wiz wlusa)
\\F aag'gfhea =~ 57 i ndo eooder Yakla.
WELL SURVEY DATA (if applicable)
Protective Casing Elevation:
Washington State Plane Coordinates: Brass Survey Marker Elevation:
COMMENTS / REMARKS
= 5
Vel. calca t Quick.crate™ ¥0/94% 1.285 ‘Pt.s/b = \S, . anuwlac bepdon:
=z 3, _ 3
=5 A5 bags  0.71 " Toag= \0e.ar £ D-20 Sand=> \ hags ¥6.435 fng= $.83 Lo
Reported By: Title: Signature: . Date:
Lhnariene nrashy log +=Z S SRy st oy o sq)o® 03
A A-6003-658 (04/03)
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WELL SURVEY DATA REPORT

Project: Prepared By: Neil P. Fastabend
Company: Fluor Federal Services
Date Requested: 9/29/03 Requesfor: Chris S. Wright (FH)
Date of Survey: 10/31/03 Surveyor: Fluor Federal Services
Survey Dept.
ERC Point of Contact: Survey Co. Point of Contact:
Grant F. Brazil, P.L.S.
Description of Work: Horizontal Datum: NAD83(91)
Civil Survey of Groundwater Monitoring Vertical Datum:  NAVDS8
Well C4126 (299-E27-20). Units: Meters
Hanford Area Designation: 200E

Coordinate System: Washington State Plane Coordinates (South Zone)

Horizontal Control Monuments:
2E-127 (FFS) and 2E-134 (FFS)

Vertical Control Monuments:
2E-33 (FFS) and 2E-38 (FFS)

Well ID Well Name Easting Northing Elevation

C4126 299-E27-20 | 575067.36 | 136455.88 Center of Brass
Cap in Concrete
Top Casing,
N. Edge

205.447 Brass Survey Marker

Top Pump Base-
plate, N. Edge

[IA7 22777222 ANNNNNNNNNINN

Notes: )

o

Brass cap in concrete only. No Well Casing.

Surveyor Statement:

1, Grant F. Brazil, a Professional Land Surveyor registered

in the State of Washington (Registration No. 22328), hereby
certify that this report is based on a field survey performed in ;
October, 2003 under my direct supervision, and that the data : &/ 0/ :
contained here is true and correct. LNSSSANNA NN s £ r 222 £ 2
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h
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7
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v
£
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Original to:
Distribution by DIS:
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Well 299-E27-21
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WELL SUMMARY SHEET

Start Date: g4| 5,10
Finish Date: o-{aglo3

Page | of O

Well ID: ¢ 139

Well Name: Hqq -€ 27~ 2\

Location: Seutinh of ¢ R- vaulT

Project: @03 RCRA Aril\line

) s =
Prepared BY: ¢y ions \nartinet |Date:-bg|m~,|o3 Reviewed By: L.D. wa,[/{e,r |Date: 3%‘:/03
Signature: 0 9 o0 s Ao X0 Signature: W%_
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WELL SUMMARY SHEET

Start Date: o] a(loz
Finish Date: 67 125 |03

Page 2 of 2

WellID: ¢ di1a4

Well Name: 599 - & a3-2)

Location: So 44, of c@-Uault

Project: ¢y o> Reen Aeiling

LD Wal Ke.T‘ | Date: 3/“703

\

_u.muA_-&am_g‘m;__.

Y i

QW depths are in Ceel

o

Lat Ak

Prepared BY: ¢, . e e \aekinez | Date:ai | 5 o3| Reviewed By:
Signature: « o Mm P Signature: P W%
CONSTRUCTK‘)N D;‘\'I“m Deoth in GEOLOGIC/HYDROLOGIC DATA
Description F;:.-et GrLaOpghic Lithologic Description
7
10 =20 pmeah silica sand: — “avs LG
w8 314.0" ’ CmsG) |
i % &
ss304 (M'Zn) schedue 10 :
©.020~in. Conl. wire-udrap > <% velly SANn
well screen | 280
231397 — > 306.43” SR z
"ro s o4 s le 10 5
sumeglevdcap
306.43 —> 3p0e.83° 320 —] T0= 318" bes
_] Siatic wootec 237 |.‘s'&')b=3
H-8 mesh silica Sand: _ (c1las]o3)
340" — 3184 _
13 bo —

A

A-6003-643 (03/03)
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Start Date:oqlan\o3
WELL CONSTRUCTION SUMMARY REPORT Finish Date: 02\>8 03
Page _\_of
1D e 139 IWaII Name: 289 ~gan -2 Approximate Location: Soud\a _Q_,Q CR~Uault
Project ayo3 RCRA deiling Other Companies: €¢ , CH G
Drilling Company: L. =) N Geologist(s): & martinez , ™.T. \-\oct:n&
Driller: (' Oerry ) Loddar License # 528
TEMPOHRARY CASING AND DRILL DEPTH DRILLING METHOD HOLE DIAMETER (in.) / INTERVAL {(ft)
*Size/Grade/Lbs. Per Ft. Interval Shoe 0.D./LD. | Auger: Diameter From to
Carhon Steel, dual- o’ -38 | o“ Cable Tool: Diameter From to
waa\\ sasings a3, — Air Rotary: Diameter From to
owrer= 2" olD R P A.R. w/Sonic: Diameter From to
Tanse %) " - e Reverse Ate Diameter_a" _ From_o~  to 3.8’
(Q,s_,_x...-'\.\wr) Diameter From to
*Indicate Welded (W) - Flush Joint (FJ) Coupled (C) & Thread Design Diameter From to
Drilling Fluid: v \ &
Total Drilled Depth: 3 vg_' | Hole Dia @ TD: Q " Total Amt. Of Water Added During Drilling: -e>—
Well Straighiness Test Results: Ravsed using U.‘ﬁ".ag E.q’laqi Static Water Level: 27(.38° IDate: (=51 L:.sloa)
tool on ©7lanlo3 GEOPHYSICAL LOGGING
Sondes (type) Interval Date Sondes (type) Interval Date
o o - _3.8° e'rt:-otctao‘na: R
COMPLETED WELL
Size/Wt./Material Depth Thread | Siot Type At oVl pack | Volume | Mesh
S'E0 58304 sched 10 casivg [$2:07 -2udleugo (Al [foctand Conag (™) [ 07 - 1017 |4 pags [ 01A
a'ro 55 Useregp 22037 -dobas’| Vb o e o Bontonite (8% |10 T - el 1oobogs [n18
420 56 304 Sched 10 sump |200H3” -308.837) ALA_ |Bentonise Sotats ()  [dwod”- 26$5" b by
S e— S \ice Sand (&™) S.5" -314.97 bags [1o-30
N Silica sard (B 314.0° - 318.0" | Jbags |4-8
OTHER ACTIVITIES
Aquifer Test:pag\) dgualogmenT l Date: o8\~8 |3 | Well Decommission: l Yes: | No: | Date:
Description: £ wp Ecanklin submers! ble Pume. Seualgped 3 Description:
stoaces Tnteke @ 30p3" L;';n l:ﬂfg . F\g_...-; vese :33gem,
235 Sgm 2laen. ma furk i (nTu) \2q \\u‘-l A 93
WELL SURVEY DATA (if applicable)
Protective Casing Elevation:
Washington State Plane Coordinates: Brass Survey Marker Elevation:
COMMENTS / REMARKS -
V_.l_f.aka_.__,__\as.q.s_* |.1~35 4m—5‘w F : Geanules, \0o ot Moag = 0 t,“ A
e s -20 > 4-8 sand

Z5g0= \.3 -oc.".

Reported By: Title: ﬁgnature: g Date:
CLnay-lene ot nez, Gtc\q%bt Stherlo s oo oalou lo3
A A-6003-658 (04/03)

A.60



WELL ATTRIBUTES REPORT

©IELD ORDER NO LAST INSPECTION
ELLID cuia DRILL DATE o3lailos NORTHING
~ELL NAME jaa-£a71-231 CONST DATE o1l aszlos EASTING
HOST WELL ID CONSTDEPTH  202.93 " ELEVATION
MEASUREMENT INFORMATION ] -
LAST CURRENT {1l _ o c
PTH TO p
APE WATER(R) 274.46" Toc a94.47(Ted)| ]
DEPTH TO WATER DATE oalgloa 2alaqloa
BIDEPTH TO BOTTOM(ft) 21.45 ~ Too AR
DEPTH TO BOTTOM DATE oq18lo3 AR A
CISTICK UP(ft) 0 ng ” 2.36 *
D|REFERENCE MARK(ft)
B
REFERENCE MARK IS TOC 3] YES O NO O ND* @ YES E] NO
PERFORATION INFORMATION
CASING SIZE TOP BOTTOM |CUTS/FT/ROUND! 'l]e pth to Water
CHANGES i3, =>.7-74.l-|°\’-- 0.03” (lavding plode) = I
mq.ﬁw Toc, %" Depth to Bottom of Well
——— Depth to Bottom of Casing
A DEPTH TO WATER FROM TOP OF CASING
B DEPTH TO BOTTOM OF WELL FROM TOP OF CASING
C TOP OF CASING TO GROUND SURFACE/PAD
CASING INFORMATION D TOP OF CASING TO SURVEY REFERENCE MARKER
SIZE TOP BOTTOM MATERIAL TYPE CONNECTION THICKNESS
a'rp [43.0 7 |a91.37" | stainkss steel |3oUisch.iO
CHANGES
SCREEN INFORMATION
SIZE TOP BOTTOM MATERIAL TYPE SLOT SIZE
4'zp 290397 2ok 43 |stainless steel  |BOY;schedule O 10.020-incl |
CHANGES

ND* - Not Documented
BHI-EE-231 (02/20/02)

1/10/2003

A6l



BOREHOLE LOG

Page V' of _®

Date! o9)a\103

Well ID: & 4 127 Well Name: 2qG- £37-2)

Location: ¢ ,& S~ va,\tT

Project ¢ 402 ®cRA e \ing Reference Measuring Point: me& Surloe
Sample . Sample Description Comments
[‘}?;Ft)t)h Type | Blows Grfé’; IC " Group Name, Grain Size Distribution, Soil Clﬁslﬁcaltion, Bie?tt\h 3f ?Ea)sin[g. [Z!Srilling1 Me{lf_lodl
' i i larity, Mi \ ethod of Driving Sampling Too
No. |Recovery Color, Moisture Content, Sorting, Ar]g:.: tac:‘HCl ineralogy ving pling
o — gaa’l n\f o= 1’ B dLiVN. Greavel, hﬁgll—ﬁmw i ) 0
_ % e 207 %and (), 100°%/n v€n-€n graingd, 2-S " aerllan Sand
. Te,. v. well cacted non- leasaltsic,
B WwNR 414 aack yellewish oeoun (mpist) i}
g ludeal ~o wxw B CL CoWecX & arehivl
R : i_ﬂuﬁ&mﬁa_z&ﬁ_qm_s_ﬁan&:umﬁ_
] .-'i_: Vasaltic . Sand, vEn- cse  mod- sacted,
_ 4w %0 \canalr,s5% gte\othvat, SR-R lconeck 10 _aromiuvg
\D v bl AR y G
_'s":%ﬁ‘ exin MO\, toose maaveix
= - 7 =] -
6 — B'Jg w20 — v D (gs ’ \\e v !
_-Qm‘?'- ave), I8 %o 4, 9%0 51T, Geavel
_SHH 'mﬂé-.ﬁﬂ;ﬁa ‘&&-E, Mgsf\r;"‘ basaltic.
- s - R~ vfn -
_ . 802 vasalt, 200 qlalother
20— X N 1 )Co\\.q_é\' :ﬂtcu“d\lwe
BEw VB ol rxn MCl. Loods matelx
- Spniiag = 40’ sano(s) an’io sang 2%t
- I ﬁmd,_mdltémrﬁed ufn- vese %m:nu
_;6 % A - [N | o ° » . o\\eck 25; arclaive
_ﬁ‘lar "‘i L “ K H (moist)
l :;;f: "2:1_5.1"-"“95 Ah VO, (omer rmakei
.: .’-“- 3!
a1, Qnemn.nn“daw.

A.62

Reported BY: ¢ ynau\aree_ 4nnach ne Reviewsd®y: L. 0. o /Ker

Tile: £.gplogistc Title:  Geolog st

Signature: a9 o —\Ma;l\:;__‘__ | Date:ey 1[-_1! |23 Signature: ,..5-’,?9 M I Date: 7 A’a/ﬁ
~\ A-6003-842 (03/03



BOREHOLE LOG

Page 2 of &

Date: 07130 \0 3

Well ID: & Wy 39

Location: <,

Well Name: 2g9-Z 27-2)

of R~ Vaul\T

A.63

Projectt e ¥ 23 Rcery doll\ing Reference Measuring Point: & ~ound Surtoc e
Sample ) Sample Description _ Com_ments
Ei?:?t)h Tvoe | Blows Grfghlc Group Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling Method
) ﬁ’g Recovery g Color, Moisture Content, Sorting, Aqg:lte‘;iﬁ{.:ll\ﬂineralogy, Method of Driving Sampling Tool
o _faH2” [n(h E:.:.\s:..r_'dwmgﬂu_m_
: Grald - \ H .
—ign a¥ \ \ - e
— v, 1&’ i !
] 7,
4S — \ ? cE colleet us  archiue
o T - b ~ i rxn HCY.
- £
. .h...:‘ - r ] ] .
- Fod 8~ 10 swap (8) a5 %l Sand, § /o sl
5” U X & = = = Collg X -540' gechive
lgHa? | o vg t < othec
jﬁ .. 2.5 513 \’.c‘.‘h‘t o\lve Bronen (motst)
- senicaceous Ae vxn BWCL
54 \ co\\cx S archiol
S ca b
—@nat
-1 . -
,o—_V _ Co\oct ten’ archivo |
Jesas
aWlesX hhﬂgtg‘mhﬂ
y co\\esT 0’ archivg
1, y
X .a 25 SHM ipﬁ,na :‘ﬂ v, gﬁr% !! &Pw,
| s@ = ; *o
-]
o = 2.5 9%,
. - ~ l g:l!i : Zn’lit:;n !
1\ \Y R
Reported BY: o\ ccione  Ancoet noz ReviewedBy: /[, D. Wa [fe
Title: Bonlo a‘( ST Title: 6@0{0‘?_{3-#
Signature: - Date: 1 Signature: gﬂ Za% I Date:‘?:/ _‘i:vé:
A-6003-642 (03/03



Page 3_of ®_
BOREHOLE LOG
: Date: 07| sy Loz
WellID: & 13 Well Name: sao—-& an-a1 |Location: S. &€ e - Va,lt
Project: 2 423 R kA driline Reference Measuring Point: € oy g 5“,-{‘%‘_&_.’
Sample Branti Sample Description Comments
Depth raphic Group Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling Method
(Ft) T‘-".pe Blows Log Co!orp Moistu're Content, Sorting, Angulari , Mineralo Method of Drivin‘g Sampling Tool
il st o e Parige S, Raacion t Hol il ler S

ap__paaY [ O A " v t_pew L1 _‘Ei_nk.f‘_’da.m;ui_nﬁj“_ob_

—ﬁi-‘: ot e 4o ” -+ . asina . '

_ wﬁ—w Sk-SA, JMn-yveal | totlerT qn'nm.h:uw?

] _Q_x;g.{n-e,’ . : : :

r's 7] - " -~ & lo. . Collect & S/ hives

L5 =2 ¢ . o .

—%W m { %_ﬂul_tmq.maﬁmz a5 Preuiog

- 3 )
qD . ] (3] 'I.\-Qci‘ ‘QO, archiy.g

'Hq 1]

qg '@ a4 : toncs Fgg‘ﬁi 2 %mdd L mgS'\ 0:‘:’ Collecd ﬁﬁl acehiuA

e loasatEtc

/ . v o " ) Collect LQ{], arch: iﬁ,

L
o~ Hbasaltie

Solkerd 05 arciniv=

Colley W~ gechiu

7 = . Pl _ -
|a “5 qfﬂﬂg! ’na:nlgsini e ﬁ fh Pea- oo\t WS archiy4
size 30 < oodobles. waod-~secied, SRR, ! ;

Jq;)}' 1] Vo | ==te

141 4 . -
Reported By: o \n g wlene. Tiartines " | Reviewed By: [, d fdz /K’er
Tile: Goe 0(pa i 4T Tite:  Geelog st

/

Signature: IDate:ajf_ 21 ] ad Signature: ﬁm lDate: ?/39/63
' g\ . ' A-6003-642 (03/03
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BOREHOLE LOG

Page 4 _of B_

Date: oqlylos

Well ID: & 413y

I Well Name: 299- € 272-1)

Location: 6. of ce@-vVaulT

Project: € o3 ReR

Reference Measuring Point: &vround Syyfoce

A dri ] .t

No. |Recovery|

Sample a Sample Description Comments
Depth raphic ~Groy Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling Method
(Ft) | Type | Blows 4 Method of Driving Sampling Tool

Log Color, Moisture Content, Sorting, Angulanty Mmeralogy,
Max Particle Size, Reac

fion to

" nav _nHﬂ!
:I%\ . .

?u—rhd&mm.na_

alop sl paall nn:.n%
to\test 120 apchive |

"

caVloc ¥ 1287 acehiusg

f
ElE S rrece !{rAWl’
ey B CL

maosa 1.8
L]

Lasaltic, Npg

Colleer 1207 apchive |

Y .s(-34n.SS% n;ttlm

S°%/0 basalt. No van HCL.

CoVeeT L7 archivA

140" sand A"Q.J‘fﬂ'-‘l' o vLn- vgse

m’lu-anr'\{d ‘SK.*‘&H. s 11 lnCHnS&hc;
o ~ 7 %%, Vg wxn M C1l

CoVleeX MG arcihiue

Signature!a o oG 2 "W\e-ht-:_\

) .
(50 = m\@ ' arcchive.
AT |
_ [D\FS” ‘mowawe 'y wchR— cx graived .
. == Ay collect !Sﬁfn::sh!z:s..
15— -
—gnah
1ol J# -
Reported By: @ viarlene. Avart nez Reviewed By: L. d.Wa / Ker
Title: Cveoloat o - Title: Geolog st
~N o K
. TDate:o-iul,m Signature: ﬁM IDate: ?/?0_03_

A.65

A-6003-642 (03/03



BOREHOLE LOG

Page § of 8
Date: oqlailos

Well ID: & Qo

Well Name: 399~ 301 -2

Location: 5 o € ¢R- Uaul\T

Reference Measuring Point:

round Surfoce

Sample Description

Comments

Group Name, Grain Size Distribution, Soil Classification,
Color, Moisture Content, Sorting, Angularigb!mneraiogy,
Max Parlicle Size, Reactionto

Depth of Casing, Drilling Method
Method of Driving Sampling Tool

g Y 3
e A H20’— 185 5ann (=) ac s sand. o/

Sole ek V10  ar einjua

Project ¢4 03 crpa dci Uing
Sample
Depth Graphic
(Ft.) | Type | Blows Log
No. |Recovery
a' | A\A Bt v o
‘W—h' -{.
_B\{rl“
1V
155—:——-—{," -
2daf
o
17“-,5251
—#Ha” .

7
e\, tyroce gravell Graveel, pra~sizge,
s )

m-lg‘ sorded, s@-sH,

%0 hasall. SD ‘fo

indsLl' S hat

\

tolle e 187 pcciniu

Calltcd 1807 gechiod

tol

Co\ve ¥ 1a0” avehniuve |

’
Sallest \AS ocghiva

A.66

Reviewed By: L.D Wa /K r~
Title: Coe olpas 52 Title: fevb‘gi.rf
Signature: © Qg+ o-a_ AonXi o |Date:a1'l:uia§ Signature: ﬂ9 ' M IDate: 7/3043
<\ A-6003-642 (03103



BOREHOLE LOG

Page & of 3;_
Date: ®7layl0 3

Well ID: ¢ s1

Well Name:aaa-gav-a |

Location: € ~€ ¢tR- Vawlt

Project: =4 03 _cra dri lline

Reference Measuring Point:

Ground surfoce

Sample Description

Comments

Group Name, Grain Size Distribution, Soil Classification,
Color, Moisture Content, Sorting, Angularilt_]yb{ﬂineralogy,
i i tion to

Sample
Depth Graphic
(Ft.) | Type | Blows Log
No. [Recovery|
L]
wo BN} [ nlLA
BR AN

Depth of Casing, Drilling Method
Method of Driving Sampling Tool
Sampler Size, Water Level |

md»_aa_mcl,_m—_u_“mm. -5,
g

P T

Cal\tet a0 acchivt

55_Lo_11z.x_a+her. 4<% Bagalt . 3.54511
S (. ruj Neo rxn Hel
4 ~4 )

ot cX 2.!:5’ archiu-t

.-‘;.-mr.na 30 posrly sorted,

of ;_1\ ~sized,

o 01 35 /o gravsl, S

520010 o), Welcsqrted, badaltic, pea-3ized.

S% M’I
gy

Calvae Saltsie a‘m-b.ut L.
Co\le X 200 archiye
i@ 215 trace of enica CollecX 21§  acchiue,
) \ - \es £0.8" coVecT 2230  arehlve
-~ Fa Fl -
. + v Yle olect 228" qrchive

° %l _<and, lo ’lo s(\T

“ d 1 ‘l'l llt

.57

Co\Meot 2307 arcliee

; —
235- 240

sitn sanD(ns) 2R %0

collesx 32 acelive.

°h <! Kn~

\f

Reported BY: « ynarlene —\rvartinet

Reviewed By:

LD, Welher

Tite: Greo\ oglaZ

Title: _Geologis ¥
Signature: Mf’

Signature: ¢ WQ;,_Q_-»\.\,\M.H% l Date:py |24 ln3

A.67

| Date: 7 /30/9 2

A-6003-642 (03/03



BOREHOLE LOG

Page 7__of 8
Date:oqlaloy .

Well ID: tuian

Well Name:aa g- 5 3~ 2 |

location: s, & cg- Vau i

Project enypz RegA del iliwa Reference Measuring Point. ¢ o und Su r-Loce
Sample Sample Description Comments
E}g&:\}h Type | Blows G'E’g’; . Group Name, Grain Size Distribution, Soil Classification, | Depth of ?as_in_g, Drilling Method .
. No. |Recovery| Color, Moisture Content, Sorting, Angglgngb;\nmeralogy. Metgod of Driving Sampling Tool
" [alf ! n
= [Py g ) ¢, - D :
- 130 %70 _ccauel, 2 /0 =aWA, 1/ siFt . |Adual-waall casing.
e cau ! \- 5 —size] Sollect 340 arciliv
- = 41
. 1 5% vapualT | S5 %70 u;t?.\oii.w.» 2.5Ys)
< /A qesuldeg) Qe can NV micacous coVMect 3ds” o r ety yg
2‘_1‘_‘ ‘. b .0 (=W ad (¥
-BH q 1]
= Coal\ecT 357 arehinre
Brak> .
—18H 4

f. TN Lk organics < dedesh |

Collect 200° avchive

CollesT 210§’ o cedivg

Calle s T 2907 archive

26 285" qravelly SAnD(gS) a0%0

anal, 75 %8 sand, 5% 217 Gcavel

.

lcolecl D79 orchioe |

Q.g.dgng. (amet a_ﬂQ"z
for _.s?we qr\glh.:g'

Reported By ReviewedBy:  L.D. W [fer
Title: Geplo Qs Title: 630[931'5‘1‘-
Signature: ; | Date:er |1 | 2 Signature: / l Date: ¢ A‘o é 3

A.68

A-6003-642 (03/03



BOREHOLE LOG

Page 3 _of R

Date: onlylos

l Well Name: ao0.739-31

5w
Pl

914

1
x?:
s

WellID: ¢ 4|3 Location: s o €&~y ault
Project: ¢y o reryd Adrillina Reference Measuring Point: G rpumd Sucfoce .
Sample a (& Sample Description Comments
Depth raphic Grou —— — - s - —
p Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling IMethod
(Ft) ng? ReBrl;%v::ry Log | Color, Moisture Content, Sorting, Ang;ﬂtaorilt_'yéliuineralogy, Method of Driving Sampling Tool
gt | R - |
D0+ == . wﬂm‘hﬂm"ﬁ—u .
T 3 2o %/n \aoso .;- | collect 280  archive |
- er, Se-R Qea= 4. 7%~ mod :‘m\nh]'ls

Collecd 2907 archiy-l

Ado®o , Lo gtz lother

By :
ot __J/._ T
Q-HQI\ s
— iy
- L )
3\ e B0
QN

Colle ot 205 awchiyp

So\lect 300" aceliive |

ve neped Ay U:n.:i@ 305;

Lo <,
~N

r

Rolle et 206 acchniine.

(‘\'LJ' s aelables=
ol " n‘

s i

Fodiom . Bagal? conkent Aouwin tu

ctry

caNecx 310 acchise |

col\e Y Sa.rv\glc Crom

=315 %)

s1e e analysis

Colle X 1\%’Narc)m‘ua

A.69

&
_ L . Va. tobble @3&!:%5
N iTo => 218 Cﬁi&esé:::n@ 1.8 /"H""
] | 21 ‘Q%S (on\zlo3)
Reported BY: € \apetars 1 a et mo ReviewedBy: L. 0.Wy /fer
Title: Laz Tite:  Geolpgist
Signature: 1 Date: Signature: %&‘zﬂ |Dale: f/?aég
A-6003-642 (03?03



WELL D

EVELOPMENT AND TESTING DATA

Re_.?nﬁ"i | ?n.-az Lol 3
Weill Name: Well ID: Well Location: Date:
2A0 -2 3 -2y cuian Souih o CR- vault oglar{oz

Reference Measuring Point (unless otherwise noted): TOP OF OUTER CASING (TOC)

Has the well been surveyed? [0 Yes

B No

IDoes the well have a cementpad? [ Yes [0 No -

PART 1

PART 4

STATIC WATER LEVEL:

Start of Job
Endofdob oo, .7

Toc

2%.5 ! Toc

Last Recorded
Measurements

DEPTH TO BOTTOM:

Date: pg laq lO;‘.u

StartofJob 3,3 " Toc

cl

End of Job

3109 Toc
PART 2 '

WELL DEVELOPMENT DATA

Pump Model ¢, e o <

Intake Depth 55, -
Starting Turbidity |,

Ground Level

Current
Measurements

Date:

+C

2 \"ld‘l.‘a \ \‘:Ln
Pump Start [ Flow Rate

Stop

3 mi
o4 o

e =D 1l

Wons
b - W -1

eSS
LoSs

oL A p—
L => %%
MY D

Cxaay
23.5 apwm

L ming
Lay3

=>
13«

(1l-302 aag)

h B

\daq 4+ 13

g4 1309 =

20 o l.nm

<
3399 gals,

!
=

Are there any reference marks on the casing strings? [J Yes [ No

Total Pumped’” 3299 aallons

PART 5

' —% = ¥ "
Final Turbidity | 5y \ \ad \ g |COMMENTS: ® X :
XD SN/Range (PSI) 16 .0 es: oS Back 4o ofC:c=
B‘B{_.: olof At iR,
STANTANEOUS SLUG TEST o2 _ )
. 30 -ra%gé Q. =2 245y To¢
Static W;tbr\Leval (TOC) 0130 Seiiac wo  a.
o138 ' \ i
Transducer Dﬁ}b %% Tumzd ID= 32 T, Ne £330 e el
Baseline Start % P o _ i & . :
Injection Start

Baseline Start

O
WX

__lo7<4g C.n\' L”-.-.'l".v\:‘ Y v\a?humm

A0 R\-Lﬂ\"nn- a9e.D ;g’

’

Withdrawal Start

RN

A.70

% . . - a-en‘f‘h Tnitial XD ] |
— r&eo n ﬁs‘t‘kl on_Hermit 3ok Ne Test _
Slug Volume 9>Q\r\ J__ln.+.q.\ Saadlngs) —= <or G ~ —_
XD SN/Range (PSI) OIS Transduesr Ao Lo st - Lagio
3pared by (print name): Signature: ate:
o 2 Q“a&e%m ; O‘Rlaub".
Reviewed by (print name): Signature: M Date:
L.D. Wa (ker '/7;@ 9/30/03
A-6003-644 (03/03



FIELD ACTIVITY REPORT - DAILY DRILLING

Page _> of 3

Date: oo |aglos

WellID: ¢ yya9

Well Name: 5qq- /2 35y-2 1

Report No.: | ( oo ll develonme me )

cation: ¢ 4 o f CR-UanlT
Start Finish Total
Time [T 0Y-A2) Time Time
Hole Depth/Csg [ = Hole Depth/Csg —— [ = Hole Depth/Csg oned f —
Reference Measuring Point: Casing StringNo. 1 2 3 4 Rod Size: "L A
GROUND SURFACE See Report No. 1 vy |1 de velopment
Time/Depth Description of Activities/Operations with Depth
Erom To (Attach applicable drawings and document straightness test results)
O35 Runwina f-tape )nim woell
oxsg Dct e o h¢=k=n3 wppump ¢ £low meler
oayo Toi4500 x0T 394, 3" (roe) Tese ™
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e 2990 Y |o9deias 23464 102018 22468 :1032 2.8 V.13 393 0.4
234130l 254649 loauvion 33444 ©\pag' D 274..4 N lod  274.65 1.0y 3760 20.0
094140 |20y 094%:06 a7ud 10370 1D 290.6$ S
©942:00| 2906 ¢/ 0G930 27465 (1029732 NdLY §;n-;o Tesz ™ ) complete., Fival XO
0 942:30 | Dy |09S3'00 27465 |10zl dO 224y N 294 42" (03% §f§§
qu3:48 | 974049 |087:30  27u.¢8 to3x: 274.65 \\: =
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043143 274.6Y [1002: 1) 27469 1\039.2F 24LS .-\\‘In:ﬂ‘& XD =2 avd.la’ Yoo
044:n2] 29404 |\010:3D LY Loy el 9u.LS \
Nioss ™3 Stact. Readings ted D |
\oH3 shut Pgmp_ﬂl‘_}'_ Qe cnoem:l-l-&s'&’.hl ET‘.M AD(FY  TuR®  tonp  TOC
toa3nng lad.o | loddqiay 274 (sl 11041:00 334, 62 PN hpo  2M.LR AR 3 0.4
0330 (29400 | 1aug:ge a6z 11046230 e N win 297947 182 364 193
1edaus 2440 | mUS100 274.0 2 |to46 45 2946 T N a0 27Y9.0.0 1, 2% 363 WO
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ported BY: ¢ y 1o rlesme Mg estine 2 Reviewed By:  £.D. Ul /fo
THe: Cop ninayes |Date:09LQaa_[°3 Title: &EO/OS};.‘SJ |Date: ?/30/93
Signature: ¢ Q.. . 0., t-\,“_,,:‘“_‘, Signature: %M
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Continuation Page

FIELD ACTIVITY REPORT - DAILY DRILLING

Page 3 of 7

Date: 68 28ls3

WellName: as3q ~ 2 3% — 2

WellID: ey an

Signature: ¢ On o 0o 0 N uas

cctation! So i ol SR .ovanlT Continuation of Report No.: t ( oo\l C\defﬁmsbi)
Time/Depth
Description of Activities/Operations with Depth
From To Lo\ a2 yslo oment
= N Lvedue)

Time | 4D Test 2 1STaetr \055:00 Slow watee ppen all tha voay 23.5 2.
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| 05645 | 290,05 [U S0 00 2248 luan.9) 29406 |U3S 17 avu.LY

(057100 | a2d.u |t ery g 294.68 110300 25Ul W36t 20 2968

W2 1S (29460 lous (5 374.6% 112300 274.0 6 W38 16 294.6F

12$7:30h 3468 | UM 00 274,68 luasiol 22669 NHo 0o 229-6F
| (067 4< Ix0 0 [Woyiia 2246 |Ul 00 23Uleb M42:00 299 h%n

1058 00|27 . d | lofR.co 224 .55 U304 274 b pasieo 294,69

43 eToe test ™2,  Recpvery 100 fo. Eined Xo = 33445

vrnys 1230 [Puces tnadec Fruck Coll ;cc Side, . r_

3 L a8 Faciagton on sis to el Aromsducer + Wermiy. saﬁgﬁﬂﬂ Laseng. OCE~5{4L
ual 1S9 Iwowe gume wp Fo pext jadecval. €385.6° Toc)

Test 23 iffl§§

Tyn-g, XD Test &'.5 S+oxT '.l;vi‘:g— 214.¥3% 21 gem | Time gg) +:‘.::-“ ’:::f\ T
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Reported By! o v igs aactine Reviewed By: Z; D. We //f'er

e Genlpalat Date: pgag [ Title: é’eg(olc,{:r-rz IDate: ?'/?0%:3

x4

Signature:
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"FIELD ACTIVITY REPORT -

WELL SERVICES Page _1__of )\ __
Date Well No, & 4129 Rig Type/Model - ‘Hig No. Contract/Work Order No. | Report No.
o\ o3 ~aa-£29-21 | Pum Tng Cig
Pupose T ns+all oumes im c<Yo3 &h walls, Reference Location Seuti of

v, - Vault

HISTORICAL DATIA l PUMP SYSTEM CONFIGURATION
/ 3 RS PostM
Construction Depth 208,83 bas
C::iws_g‘; Type il Set At oo o3
307 - 1
£5 304, seh. \O a-1|.3*1’1:pfmw odel A, A0
Cesing Perforations Schedule Intel Tubing Size/Type 9. 15"9‘: 5‘.‘_‘0‘1
Tubing to Pump Intak ’
Well Scraonlll Type , Interval AN A Ty e ol B M
-I?; slet 3713 e Length =
8LO 55304 Sch 1O 30643 gk U0 2€0.0
Last Recorded Last Recorded Length-Top of Tubing to Reference Point
Depth-to-Water Depth-to-Bottom -~
2794.5¢" Toe | 312,07 v |Pump Intake Set st (Depth) A8\
Current Current Referonce/Messuring Point TO L ({ Yo?P 0 F chAsing)
Depth-to-Water Depth-to-Bottom
-~ -~
TId e Too Bu.L ToC e
Personnel Layne Unﬂ-’ stensen Materials Used 248 X 107 secikions
i L\s—"“" « Doave De \ Fones &% BOY gehaduwnla Llo ° 78 VoD
End Time 140 C\en W@f ~ couf
Ertrmmie e -f'( «
Thee Piuer Hanford o Py A S rties (onr)
o] Time « Ed o nse Ssuemarsilele ?umq
VCene) M MEE AN
Total Time .75 hes |cnzm WL
« Lhorleng vract nez (g{b\oﬁtst
Description of Operstions/Remarks
VS ?-O-D.\So&z:h e eding.
; N A\
o Side. sek wp.
24 < . 234.60° vTec.
| Tooqed TO® Bw.ag” voo.
e : 4 \ Red ; . 55 304
scneduls 4o, 034" op tremmie PIN-T

\ag s E;g%: n " n.5+3“"v-.:\ Qg

-

i LR T A

l4ieoo Done, mast:-on rig down

-

ow
14os Rump ﬁr\k‘.n:.k cig of-sise YD £ 4r\Q0

\ calwaloz quﬁwm_
\Uﬁ\b az . (o ea\ra\ox

s
‘&.\{l; EE'TI?{O‘B\
. \

Report By Snavlene W actingz Reviewed By £iD: uk / A'Bf*
Title (-‘:-nakon\ <t Titie Gee/og st Date 50,

Signature mﬂmﬂ“& Signature M

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

Project:

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

Date Requested: 9/29/03

Requestor: Chris S. Wright (FH)

Date of Survey: 10/31/03

Surveyor: Fluor Federal Services
Survey Dept.

ERC Point of Contact:

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

Description of Work:

Civil Survey of Groundwater Monitoring
Well C4127 (299-E27-21).

Horizontal Datum: NAD83(91)

Vertical Datum: NAVDSS8

Units: Meters

Hanford Area Designation: 200E

Coordinate System: Washington State Plane Coordinates (South Zone)

Horizontal Control Monuments:

2E-127 (FFS) and 2E-134 (FFS)

Vertical Control Monuments:

2E-33 (FFS) and 2E-38 (FFS)

Well ID Well Name Easting Northing Elevation
C4127 299-E27-21 575145.03 | 136407.21 Center of Casing
Top Casing,
205.728 N‘.:%d ;:mg ]
204.995 . | Brass Survey Marker
205,734 . | Top Pump Base-
plate. N. Edge |
Notes:

Surveyor Statement:

|, Grant F. Brazil, a Professional Land Surveyor registered

in the State of Washington (Registration No. 22326), hereby
certify that this report is based on a field survey performed in
October, 2003 under my direct supervision, and that the data

contained here is true and correct.

X
N

N
X
N
A
N
5)
3
N
A

4?‘27'4'

Urcsceesiesen by nrrh

Qriginal to:
Distribution by DIS:

AT74



Well 299-E27-23
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' Start Date: o
WELL SUMMARY SHEET eelo Page \ of 2
Finish Date: og|12]03 .
Well ID: ¢ qyap Well Name: 3 qq-£€ 27-23
Location: yoe«7, of ©- Tank Tarm Project: e yo3 @cr @ vl \k'»n:*
Prepared BY: ¢ mavianemaryines | Date: o8| \a(p3 | Reviewed By: z D Waifer I Date: ?/ 5é3
Signature: €9, oo a A Ao s, Signature: Af& M
CONSTRUCTIO&ATA . GEOLOGIC/HYDROLOGIC DATA
Depth in
Description Diagram eet Grl_agglc Lithologic Description
\ ° ’ 4 -
8 oD Aual-yvoall temmgarany ) o'~ 1,57 Backfil (Crushed GRAVEL) |
Sasing used - 13 E% : $ F s = i0” saan(s)
W ’ »
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» A h
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" - ™ \\:l
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A-6003-643 (03/03)
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WELL SUMMARY SHEET

Start Date: g)p<lo

Page2 of 2

Finish Date:pg )12 03

Well ID: C.4.90

Well Name: agq-£37-23

Location: 1pea7 of C-Tonk Ranrm

Project: ¢ vz R A At Lt

A\n tem gﬁgrg Cas: na

8\ degths are n foct

[=]"=]

ace |

Prepared BY: Cvaciene Mvactine = l Date:zp\\q\g3 | Reviewed By:  L.D, Ul [Ker —l Date: ?/5/93
!
Signature: o g o, Ren o Avandonds Signature: /75@ M '
CONSTRUCTlCﬁT’bATA GEOLOGIC/HYDROLOGIC DATA
Depth in -
Description Diagram Feet GrLac;pghtc Lithologic Description
\o- R ’ ’ GRAVE
il . ] - p vEL
p : s i -
20287 —> 3180 O (ns©)
-~ -
- C
[a 30 \0 7 ‘=3\18° ¢
0.020 "cont. wir-Ltap sereend _
=
235— 308.54” e T0=>3.8" basg
-3
meh c ‘
4'3 0 #5304 schedule 10 AT Colialon)
Su.m:‘:\cmndmg H
+ » i
2BE4 — 315.%7
a0
30—

ATT

A-6003-643 (03/03)




Start Date: egloslo3
WELL CONSTRUCTION SUMMARY REPORT Finish Date: o q)oalo 3
Page_\ of |
_ 1ID: e, yrao [Well Name: aoo~€a5-a3 Approximate Location: Loest o8& C-Tawnk Corw
Project eNo3 Regn deiling Other Companies: oW &, € &
Drilling Company: Cnrigier IEeokgRSE 'S: FRAFE AIvy wre Weeking
Driler: Rau) ("Oacry”) Lodder License # _ \w2a%
TEMPORARY CASING AND DRILL DEPTH DRILLING METHOD HOLE DIAMETER (in.) / INTERVAL (ft)
*Size/Grade/Lbs. Per Ft. Interval Shoe 0.D./N.D. Auger: Diameter From to
sloo a \l o’ - 38 Q' Cable Tool: Diameter From to
ast €35. 2'o | P Air Rotary: Diameter From to
AM16" Ginner R J— A.R. w/Sonic: Diameter From to
e Revarse Wie hp “:::"I Diameter _ " From o~ o3’
- Diameter From to
*Indicate Welded (W) - Flush Joint (FJ) Coupled (C) & Thread Design Diameter From to
Drilling Fluid: o | A
Total Drilled Depth: 3,g ' I HoleDia@ TD: = “ Total Amt. Of Water Added During Drilling: ne ne_
Well Straightness Test Results: ¢ " Wrp, 0.4 long | Static Water Level: 273.1 |Date: oglixloz
Lool on o2\wlol GEOPHYSICAL LOGGING
Sondes (type) Interval Date Sondes (type) Interval Date
Spackvel Gammao, _Q° - 3% g%{.g%l‘g;* —_—
COMPLETED WELL
Size/Wt/Material Depth Thread | §iot Type Ancular Seaieater pack | Volume | Mesh
\ fo s na ﬁﬁ—j '-'-‘!1‘-‘-1-51:";4-30 r\\.nu Rortlamd Gopmert (Ad™ ) —9:— ‘ —943% Sk \A
420 55309 80k 10 wallscroed 27250 - 308847 W o030 |Geanylar Berinnie (@) [N - 2.0 11075 ped 01D
"0 55304 500110 gump  [200.547-2109%7) W | A\ [Sertonise Blkts (55°) |He20” - w28 amj‘*"
—_— rode 5! lica Sand(sp )| 228" - 2.0’ 29.5basl lo-a0
OTHER ACTIVITIES
Agquifer Test: ,se\\ davelopmenT lDats:oﬂkg;\o_g Well Decommission: |Yes: INo: lDate:
Description: £" wg ;.g,\q !E :5!!“!;?::-,39}_3 pure . DevRloped 3 | Description:
T u. \sony’ L3 245 g,
2 Fiva) aw) Ten \oha 3.0
WELL SURVEY DATA (if applicable)
Protective Casing Elevation:
Washington State Plane Coordinates: Brass Survey Marker Elevation:
- COMMENTS / REMARKS
Vel. : gt a.u 68 5, 103. 5 bga_-,_,ﬁ._o.m'c"/hgfgg 33067} ool s,
Douckets ¥ 0.4 &'/bgs ket =\ 24 g;:_’ i 10-20 sond, 2A-S bags K 0.535 > 1598 €2
Reported By: ~Title: Signature: Date:
[ Qractans et tvey Grologist S oo oW o ane, oaloulo
"’A A-6003-658 (04/03)

A.T8



WELL ATTRIBUTES REPORT

=IELD ORDER NO LAST INSPECTION

ELLID C 4\ 90 DRILL DATE o8\osloa NORTHING
WELL NAME 2QA-£27~373 CONST DATE oa\ulo 3 EASTING
HOST WELL ID CONSTDEPTH  3.0.97 7 ELEVATION

MEASUREMENT INFORMATION M
LAST CURRENT i i i __IE c

A|DEPTH TO WATER(ft) g B e i s 5 i

DEPTH TO WATER DATE e las P
BIOEPTHTO BOTTONY) 314.45 "Toc niA

DEPTH TO BOTTOM DATE s g -
(C[STICK UP() 3.42” 2.43”
D|REFERENCE MARK(ft)

F
8
REFERENCE MARKISTOC | £ ygs (] No B8 no* | R ves O] no
PERFORATION INFORMATION
CASING SIZE| TOP | BOTTOM |CUTS/FT/ROUND W Depth to Weter
41 _——

CHANGES 3 42" wcasucsd Sve raund surface I
| ¥ oz Scom Yop 08 cewment pad. Depth to Bottom of Well

Depth to Bottom of Casing

A DEPTH TO WATER FROM TOP OF CASING
B DEPTH TO BOTTOM OF WELL FROM TOP OF CASING
C TOP OF CASING TO GROUND SURFACE/PAD

CASING INFORMATION D TOP OF CASING TO SURVEY REFERENCE MARKER
SIZE TOP | BOTTOM MATERIAL TYPE CONNECTION THICKNESS
VT (A8’ 139351 [srainless steel 804 .sch. 10
CHANGES
SCREEN INFORMATION
SIZE TOP |BOTTOM | MATERIAL TYPE SLOT SIZE
WMo 313.8)7 [30g.54 (staintess sice) 304, scredule 1O 0.020 inch
CHANGES

ND* - Not Documented
BHI-EE-231 (02/20/02)

A9

1/10/2003




Page \ of R
BOREHOLE LOG =
__ Date: B \oglo
‘Well ID: & Qa0 Well Name: 3qq-£37-23 | Location: yoor o€ C-Tauk Tacm
Project: e yO3 Re Avi\\in e Reference Measuring Point: © r~ou1d Sy rfbce
Sample g < Sample Description Comments
Depth raphic =0 — —— — - —
p Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling Method
(Ft) Tﬁpe Blows | Log [ Goior Moisture Content, Sorting, Angularity, Mineralogy, | Method of Driving Sampling Tool
o. [Recovery Max Particle Size, Reaction to gm Sampler Size. Water Level |
o — 8RN 1A 0= 1.5’ Backfill padkr1aQ. Crwrhed gravel [ReckecBammer wstag
- AV'ep Aual m‘ﬁ-
N °
- 10, v, ypoel) ‘MM,
o - o Red il of cdiag.
_ reby ST exn ML N avehive &mﬁh:
s — sallected wwitil 280 bas,
_ o= 127 Mﬁ_smﬂ@_m___"% | Continuous TN Supoort |
) gp° spor & Qe \J0° logs
i = ) ~3.5 ) 3R~ M
o — . ~ ovueo\l spcted it lediaz..
___ wn (moist) ren WC1. ny 4 N"aidzf's‘g:i—
- : - A0’
- in ogreinobe,
| ‘157 ceAtec(ag) H4o%
5 A =
- - £ /i 1] ve |
. v S~ medh
i |
- ngs R, Sm,,_agag:ﬁ :
i . % ts,
o — 25 % gtz) atne e, 10N 312 o dark
ag —
30 — rgoavel Goavel. asa®ic, suell=sonted.
- "M._mimm; 4o 50 gtz lahg
- ; ,.:n.sjﬂlzgda&.\s..%mhiah_hmzm(mah )
- E5d 0 p rxn B
25— '
-
i y L
Reported BY: C\avlens \actineZ Reviewed By: LD. iy (e
| Title: Geoto gl Title: Geolog st
Signature: ¢ § o +Qs- o A\ Kis, IData:qugjag Signature: MM IDate: ?[?%3]
' ()

A-6003-642 (03/03

A.80



BOREHOLE LOG

Page 2 of €

Date: o8 o]z

A8l

WellID: o g4, ap lWeII Name:soq-gay-a [location: ysesr o€ c-Tawnk Carem
Project: cyoz RC det (L n& Reference Measuring Point: &, ~ . vad S0 o Loce
Sample ~ Sample Description Comments
I:)(g‘pt]h Type | Blows G'thlc Group Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling Method
’ P g Color, Moisture Content, Sorting, Angularity, Mineralogy, | Method of Driving Sampling Tool
No. _|Recovery Max Particle Size. Reaction to HCI Sampler Size Water Level |
o 289’ alp 5 e q . 05°%  Recker Yowmmer wsing a'sp
— mmLﬂ——“ —
45 —
55 —
(a0 =]
—_ 1)
S —
BN —
] ,' L £ el ‘e avawel
75— o o
— - 7. - s nooe L 30 o4
1 v
Reported BY: Gingelome N aurtinez Reviewed By: La p. &g /Kc.f‘
THe: G oo g at Title: éeoleg st
Signature: o g\ o x Qo w@ I Date: og {o4|wq Signature: I&M ‘ Date: ?/2'//63
e 7 T
A A-6003-642 (03/03



Page 3 of &

BOREHOLE LOG
Date: p3(osl03
Well ID: ¢, 4 o0 Well Name: nqq-gaq-23 [Location: woest of C-Tank Tacm
Project e yo23 RCo R aniling Reference Measuring Point: €, vy Surfoce
=]
Sample ) Sample Description Comments
E'}?:?t)h Type | Blows Grfg hic Group Name, Grain Size Distribution, Soil Classification, | Depth of Casing, Drilling Method
; ﬁ'g Recove 9 Color, Moisture Content, Sorting, Angularity, Mineralogy, | Method of Driving Sampling Tool
- 2, ok Max Particle Size. Reaction to HCI Sampler Size. Water Level
GO—BHq“ niA ??%'6;1" ~ R %o asattic, pea~s3t MLHMML@—
] %5' i, Ay Sand o0 g e h'oD dual~nall casy na
’ e
46— F " q acading +0 wre\\r 50
- ks ‘alloamallt m oekbles, wps~ 0.5 Y
Eiris LA >
- @é; % M_iammlﬁam_
. S
- l{. ) 5
h S e s rd
90— '.' r " ine o Groavel. \....?4"\-
] 5 _' soltie, SR-SA. 45 A,
QG — . 5 vel , pea- —Sm H ’Lq‘
— Lhoasaltic
1
ot — ‘ -, A=t - 4 ¥ - -t Et;ﬂ
. "= 107”7 gravelly sanDCeS) 2%
. 2% "fo  saxd pasolit s
o€ — ~ d g A, poa~- ~ % ae bbhes
— O b \ peded, 4r-<sQA . L, Ln-
= Yl e sa 5 %o 1‘51_ |otrer
— ) " — d - AR ™ ' | ]
- Ne rxn AC
Wo—
- Sy ~ 10’ Jgma Lo gravel.
_ FheAISard oo sacted SR-SH, . An-
- .,m. 254 dl2 I acaish
- {g&i\_. .:‘ ponon Cmaict) NO win HCLL 50°
W — ‘_
B CRG
B J \J
Reported By: ¢ o | Yrnartines ReviewedBy:  £.D. Wi /Ke r
Title: Q:-e.olo%:bt Title: 6&0/0:/.‘; 1‘5_‘)(
Signature: : Date: Signature: 529 % IDate: 7/2 ‘f/é_g

A.82

A-6003-642 (03/03



BOREHOLE LOG

Pagey of _&
Date: aq& | 05 I'Q 3

WellID: e.q190 |Well Name:2AQ-E27-23

Location: \vest o€ C-Tank Carm

Reference Measuring Point: G ~naond Surfoge

Project: ¢ qo3 RCRA deilly ng
Sample . Sample Description Comments
D(g[tnt]h Type | Blows Gfﬁic Group Name, Grain Size Distribution, Soil Classification, ae th c?f ?Ssjn_g, DS’“"“Q'.MEEPWI
No. |Recovery Color, Moisture Content, Sorting, Ar]g:lglgé?dmaralogy, ethod of Driving Sampling Tool
\1_9—-'3“"‘“ A ¥ ! ! I 30 Recker Yammer usine
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BOREHOLE LOG

Page (p of
Date:pglo 5 |03

Well ID: ¢ dyvao

Well Name: aq0-£39- 33

Location: ,so s, of C-Tank Courn~

Projectt cNo3 RCB A Ao \ia Reference Measuring Point: Gyouind Surfoc o
Sample A Sample Description Comments
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BOREHOLE LOG

Page 7 _of 8
Date: og|oslos

Well ID: ¢ unon

Project ayp2, Rc@

Well Name:nq9 - £59-23

Location: LI st & & - Tamlk Facn

Reference Measuring Point: ( counnd Surfacs

A oy lineg
Sample =
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BOREHOLE LOG

Page € of &
Date: o9 lo5l0 3

Well ID: c_ 4190 IWeiI Name: aeQ-g59-23

Location: west o8 C-Tank Facm

Project: oy Re

Reference Measuring Point: &0y nd 5y cCoact

Sample Description

Comments

Group Name, Grain Size Distribution, Soil Classification,

Color, Moisture Content, Sorting, Aljlgular'ﬂ, Mineralogy,

vfn- e |

Depth of Casing, Drilling Method
Method of Driving Sampling Tool
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WELL DEVELOPMENT AND TESTING DATA

| of &

Well ID:
c4i90

Well Name:
799-€E2F-23

Well Location:

Wesl of 7d1- € Tank Farm

Date:
9-2-03

Reference Measuring Point (unless otherwise noted): TOP OF QUTER CASING (TOC)

Has the well been surveyed? O ves B No |Does the well have a cementpad? B Yes [J No
PART 1 PART 4
STATIC WATER LEVEL:
" Last Recorded Current
Start of JOb 27¢. 52 "ne Measurements Measurements
EndofJob  29(5. 46  voc Date: ™4 Date: 9-7- 02
DEPTH TO BOTTOM:
Startof Job, 214, d rpe CL $cl
7 |
Endof Joff 214, 4" ru ¢ t
AR 2 A |— B A
WELL DEVELOPMENT DATA A A
B B'
Pump Model < ue ok le Ground Level
Intake Depth 3,1, 34} 301.3d Z9[. 3
Starting Turbidity2g, .} j.8ur0 | Z(o mru .
. A= Ya A= 3.42
Pu tart Stop Flow Rate
- " ' '
090 103F 24.5erm B /A B L8
oS 1135 Zo e | C= 7a | C'= 1.z’
(347 1508 b &PM
Are there any reference marks on the casing strings? [ Yes [X] No

Total Pumped =3, t24.5 Gal. PART 5
B Ll L] ¥
Final Turbidily 3 95, o.Tur | 3.00 wy | COMMENTS:

XD SN/Range (PSI)  zs.o Ps:

oboo ~ 'PO'D/S:.&..\..; M—l-j

010 - Geslogist on site.

PART 3

\IQSTANTANEOUS SLUG TEST

Static Waeg Level (TOC)

4‘*]!25 meéesurensen .

Transducer De

Baseline Start ’4\% o

owLIS - Gxeolnjis‘i" weads on Lajne 4o 51““-‘? I danld ﬁj'
o700 - La.‘jne 4o g° Sr\ jenem&af g. -Corkll:“; Gtea!ajis‘}

OTS - BTW = Z7b. S2 e (273.I0'b:‘s§’- TR = 314,49 1oc
(310.98 bys); Sheup = 3.92" ; Kl = 2.0 310987 0.02"

- 8 06730 - Layne sek vs an ree S'Lﬂf‘t'
InjBCtlhOI"I Start ’?&\? . o7Ys - Lp,ang m-—.l-z e &?uﬂ ehe::.\‘?'leiﬂ loads (Euen Heove h
Baseline Start g Heere is anly c.oz') ; ma.il«'n.ﬁ for barrel Lrama FWS 3
Withdrawal Start \ Tina Hotlell.
Slug Volume \ 0750~ Begin bailing.
XD SN/Range (PSI) 8 B Bty begin drepping pomp:

epared by (print name): Signature: Date:
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FIELD ACTIVITY REPORT - DAILY DRILLING Page Z of §

Continuation Page Date: § - 2 -o3
WellName: z99- E27F —23 WelllD: cdi190
scation: West of 2d1-C Tank Farm Continuation of Report No.:  \J e\ 'Do_\lﬂ.j_a-#ﬂﬂﬂ"'
Time/Depth . - i ;
Description of Activities/Operations with Depth
From To
o83 | Geg ie.j:s-l calibre leg Tiold pment : 2/60 P HACH TURRIDIMETER,,

1
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FIELD ACTIVITY REPORT - DAILY DRILLING Page 2 of 5

Continuation Page Date: G- 2 -03
WellName: 7249 - E27F - Z3 Well ID: ¢ <190
cation: Week of 241-C Tunle Frrme. Continuation of Report No.: ) ¢ || baug]_a,zmn.n'}
Time/Depth o " .
Description of Activities/Operations with Depth
From To
131 xp: /8 259" Hzo (dmw = o.ozs')
34| xv= 18. 29" tho (daw=0.031")
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besia s Hicd ond Tnal stege (1o f Ligkec
Hon  lagl shaae.
1304/ ?w:,r druele ﬂg,’(,,
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1340 | Problens Found and gmg
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1358 XD = o.040' tho (draw = 0.026) € - b Cq?M
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Page _4 of S

FIELD ACTIVITY REPORT - DAILY DRILLING
Continuation Page Date: §-7- 0%
Well Name: 799 - £723 - 2% WellID:  ( <f{9p
ocation: \Wesk of 2d1-C Taule Tarm. Continuation of Report No.: \Je \1 beu&le?man
Time/Depth o )
Description of Activities/Operations with Depth
From To
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FIELD ACTIVITY REPORT - DAILY DRILLING

Continuation Page

Page S of S
Date: 9-2-e32

Well Name: Za9- £27F-23

WellID: Cdlan

Jcation: N'-Sjr o-t: Z-LJI»C -T;I'\L- F‘MP‘\

Time/Depth

From To

Description of Activities/Operations with Depth

Continuation of Report No.:  {Jel\ 'Dq_u‘,__l‘mmm‘{—
1

f:ze.m? le Res a”'s :

BTH.

TME | TVRB o H IDo |Cond. [ Tems.

]
0945 |35y | 847 A 445'43'—- 21°

joos |13.5 g.08 4.5&34:1"& 20.3"C

joz20

3.38 | 7.93

413 7] doT % 21°C
Ll 7] Ho% & 20.2°%

.l

1636 3.‘53;479' 7-8{9

MED.

1t 1.80wn]| 3.98 4.%’9" f.bs?- 2zl k'

uz2d 16.37un 20.3%C

2.87 |uis 4| o4 Zon

1133 |o0. 74w

ToP

-3
1356 |26.0 | 7906 |3.8772|372 2 23.7 2

1413 |S.0dury|7.87 |397 2370 Y 21.8%

1433 |3.6Sum |7.92 |4or Y| 38424 21.5%

1565 |3.00mm| 7,91 [3.23 %381 4| 22.1C

.

"\'_eported By, “Vess !—zu.la.f.-.q
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FIELD ACTIVITY REPORT -

WELL SERVICES Page _1 _of ) _
Date Well No. ©41390  TRig Type/Model - Rig No., Contract/Work Order No. | Report No.
oA\\B €3] 299-E37-33 |Pump setbing pla |
Purpose T s+ a\\ gume "n Lo ket SA\\S. Reference Location WRST ofF
: o ~Tan't Carm
HISTORICAL DATI l PUMP SYSTEM CONFIGURATION
Construction Depth Do q—;' » Pre-Maintenance Post-Maintenance
Casing Size Type S setar T Twe 2.7 8¢ l‘:u.%%xsbﬁn 3
t ’ P Trd ho\o—\'ﬂ
4"Zo 55204 seh 10 +18 =735, | Pump Model mods) W
Cesing Perforations Schedule interval Tubing Size/Type - 5 ob ss ol
Well Screents), T}."ﬁ‘d-r £ Aerva Length-Bottom ef Tubing Yo Pump Intake | , ,, /
0.0 2 313517 —
410 35 304 501 10 308.5 4 * | Tubing Length 290.07
Last Recorded Last Recorded Length-Top of Tubing to Ref Point
Depth-to-Water Depth-to-Bottom . - oTorence
276.52 Toc  |3id4.u’ Toc Pump intake Set at (Depth} 241\
Current Current Reference/Measuring Point YOS ((TOT of CAStnG )
Depth-to-Water Depth-to-Bottom
2.4 Yoo | 214, 48” Toe
Personnel Layne Uarigdenser Materisls Used 24 x 10” long 5.5 304,
Stat Time ;40O .%ﬁutm\ﬁw" somedule Ue, o.,sﬂ oD Trtmmic
End Time _lL 30O “gan Jones + conglers
e 2l R 3\ Flo3 ¢ lectric
Time - Tluner Hom&rd 0.7 He @ran
Contract Time - ‘LWF“*;- subrrtrsible pung.
Total Time 2.5 hns (W OBl “‘ w Cene
' Unarleng, “'Mr-‘\-knt"l_

B iption of Operations/R -

Ll o5 on site from c 4137

< i { it o <+
mf—'““gr&y_ﬁ:_ﬁ-’o 27%¢6.4L° Toc
xq&# In => nj4.45° Toc,

Sty I‘VM_. irPhden, ﬁgggsé _*MJ\AW&@L
\Hyo Dot \\_erews or\ side, 5;3!:_\95 J..@L:JHHJMMMM

£ A e O

instellotionr.:

ﬂiLlanﬂ&ha_@__.*_ummmu —pip
(10012 Dpne 2qlialody  Te e
J e o niag @ calial o3

MY g K
l%i’\ 22Utz
Report By _Snaclsya Aactingz, Reviewed By Z D. éz&ﬁ(’ef

Tie Soea\nqisT - Title émr[o?_ ’sd pate _T7/30/@
Signature mm-u& Signature M
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WELL SURVEY DATA REPORT

Project:

Prepared By: Neil P. Fastabend

Company: Fluor Federal Services
Date Requested: 9/29/03 Requestor: Chris S. Wright (FH)
| Date of Survey: 10/31/03 Surveyor: Fluor Federal Services

Survey Dept.

ERC Point of Contact:

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

Description of Work:

Horizontal Datum: NAD83(91)

Civit Survey of Groundwater Monitoring

Vertical Datum: NAVDS88

Well C4190 (299-E27-23). -

Units: Meters

Hanford Area Designation: 200E

Coordinate System: Washington State

Plane Coordinates (South Zone)

Horizontal Control Monuments:

2E-127 (FFS) and 2E-134 (FFS)

Vertical Control Monuments:

2E-33 (FFS) and 2E-38 (FFS)

Well ID el lNams Easting Northing Elevation
C4190 299-E27-23 | 575069.46-| 136452.23- Center of Casing
| 206.563 . L?Fég;:ing.
205.661 Brass Survey Marker
206.569 . | Top Pump Base-
> plate, N. Edge
Notes:

Surveyor Statement:

|, Grant F. Brazil, a Professional Land Surveyor registered

in the State of Washington (Registration No. 2232

certify that this report is based on a field survey performed in
October, 2003 under my direct supervision, and that the data

contained here is true and correct.

6), hereby

Original to:
Distribution by DIS:

A.94
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Appendix B

Sediment Samples Physical Properties Data, Chain of Custody

Forms, Core Photographs and Core Log

CH2M Hill Hanford, Inc.

SIEVE ANALYSIS

WELL NAME _296-£27-22
[TESTEDBY CRM

ICONTACT _Dave WeekedPHONE 372-9350

233 |SAMPLER _E27-22-233.00WELL ID¥ ___ C4124]

[DATE___osi0sr2003

SAMPLE SIEVE |CUMULATIVE| % WEIGHT % Grain Size | COMMENTS
WT (g) SIZEIN. | WEIGHT(g) | RETAINED| PASSING (mm)
1495.50 2" 0.0 0.0 100.0 50.80
1.5" 0.0 0.0 100.0 38.10
3/4" 88.8 5.9 94.1 19.05
3/8" 362.9 24.3 75.7 9.42
#4 523.8 35.0 65.0 4.70
#10 802.3 53.6 46.4 1.98
#20 1245.5 83.3 16.7 0.83
#40 1419.8 94.9 5.1 0.42
#60 1451.8 97.1 2.9 0.25
#100 1462.3 97.8 2.2 0.150
#200 1468.9 98.2 1.8 0.074
Sieve Analysis Data for Sample E27-22-233.0
U.S. Std. nh ¥ X o 2 g
- 1 g & =
100% N ﬁ ;g,*
90%
80%
70%
2 6%
& 50%
§ 40%
0%
20%
10%
0%
100. 10. 1. 0.1 0.01
Grain Size, mm
Comments:  Sandy gravel. Sample ted from cyclone.
Sample representative of formation.
All data are y and completely recorded.
Checked By: L. Ul [Ke - Date: 7/30/ 03
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CH2M Hill Hanford, Inc.

SIEVE ANALYSIS

—_——
WELL NAME 299-E27-22 {DEPTH

T DEP 268 JlSAMPLE# _E27-22-268.0
[ConTACT

Dave Weekes|PHONE 372-9350

ELL ID#

DATE

_Ca124]
09/05/2003

TESTEDBY CRM

SAMPLE SIEVE |CUMULATIVE|] % WEIGHT % | Grain Size | COMMENTS
WT (g) SIZEIN. | WEIGHT(g) | RETAINED| PASSING |  (mm)
1417.80 2 0.0 0.0 100.0 50.80
15" 0.0 0.0 100.0 38.10
3/4" 133.8 9.4 90.6 19.05
3/8" 441.1 311 66.9 9.42
#4 790.1 55.7 44.3 4.70
#10 1038.0 73.2 26.8 1.98
#20 1193.9 84.2 15.8 0.83
#40 1324.0 93.4 6.6 0.42
#60 1381.0 974 26 0.25
#100 1403.7 99.0 1.0 0.150
#200 1413.5 99.7 0.3 0.074

Sieve Analysis Data for Sample E27-22-268.0

U.S. Std. Si o o =) 2
i 5% st @ vad

90%

80%

70%

50%

Percent Passing

40%

30%

20%

10%

0%
100. 10. 1. 0.1 0.01
Grain Size, mm

Comments: _ Sandy gravel. Sample collected from cyclone.
Sample representative of formation.
All data are accurately and completely recorded.

Checked By: 2.0 Uk [Ker Date: z[:sq/' 032
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CH2M Hill Hanford, Inc.

SIEVE ANALYSIS

ﬁWELL NAME 299-E27-4 %DEPTH 270-271 SAMPLE# E27-4-270.0 ||WELL ID# C4125
TESTEDBY CRM CONTACT  Dave Weekeg|PHONE 372-9350 ||DATE 08/14/2003
SAMPLE SIEVE |CUMULATIVE| % WEIGHT % Grain Size | COMMENTS
WT (g) SIZE IN. WEIGHT(g) | RETAINED | PASSING (mm)
1674.50 2" 0.0 0.0 100.0 50.80
1.5" 0.0 0.0 100.0 38.10
3/4" 249.2 14.9 85.1 19.05
3/8" 675.2 40.3 59.7 9.42
#4 1089.0 65.0 35.0 4.70
#10 1393.3 83.2 16.8 1.98
#20 1583.7 94.6 5.4 0.83
#40 1643.4 98.1 1.9 0.42
#60 1655.3 98.9 1.1 0.25
#100 1659.5 99.1 0.9 0.150
#200 1662.3 99.3 0.7 0.074
Sieve Analysis Data for Sample E27-4-270.0
us.std.Sleve, &, ¥ ) Q 8 8
a2 308 8 § I8 §
90%
80%
70% |
2 60%
@ . 3
E .................
50%
’g "
S 40%
30%
20%
10%
0% . 2
100. 10. 1. 0.1 0.01 -
Grain Size, mm
Comments:  Gravel. Sample collected from cyclone.

Sample representative of formation.

All data are accurately and completely recorded.

Checked By:

LD, Wa kaJ"

Date:

9/30/03
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CH2M Hill Hanford, Inc.

SIEVE ANALYSIS
WELL NAME 209-E27-4 |[DEPTH 301-303 SAMPLE# E27-4-301.0|WELLID# _ C4125
TESTEDBY CRM i%CONTACT Dave Weeke'al PHONE 372-9350 ||[DATE  08/14/2003
SAMPLE SIEVE |CUMULATIVE] % WEIGHT % | Grain Size | COMMENTS
WT (g) SIZEIN. | WEIGHT(g) | RETAINED| PASSING (mm)
1502.20 2" 0.0 0.0 100.0 50.80
15" 0.0 00| . 1000 38.10
34" 2004 133 86.7 19.05
a/8" 524.6 34.9 65.1 9.42
#4 916.4 61.0 90| . 470
#10 1188.8 79.1 20.9 1.98
#20 1341.0 89.3 10.7 0.83
#40 14318 953 4.7 0.42
#60 1467.0 97.7 2.3 0.25
#100 14845 98.8 12 0.150
#200 1494.2 99.5 0.5 0.074

Sieve Analysis Data for Sample E27-4-301.0
U.S. Std. Sleve S

o
100% - * T

90%

80%

70%

60%

50%

Percent Passing

40%

30%

20%

10%

0% —— -
100. 10. 1 0.1 0.01
Grain Size, mm

Comments:  Sandy gravel. Sample collected from cyclone.
Sample representative of formation. :
All data are accurately and completely recorded.

Checked By: L.D. ﬂ}g_[&_t Date:  9/[3 0/ o3
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CH2M Hill Hanford, Inc.

SIEVE ANALYSIS
WELL NAME 299-E27-21 ||IDEPTH 277.0-280.0 |[SAMPLE# E27-21-277.0|WELL ID# C4127
TESTEDBY CRM |[CONTACT  Dave Weekes|PHONE 372-9350 |[DATE 07/22/2003
SAMPLE SIEVE [CUMULATIVE| % WEIGHT % | GrainSize | COMMENTS
WT (g) SIZEIN. | WEIGHT(g) | RETAINED| PASSING (mm)
1625.60 2" 0.0 0.0 100.0 50.80
1.5 0.0 0.0 100.0 38.10
3/4" 114.8 7.1 92.9 19.05
3/8"| ©  148.8 9.2 90.8 9.42
#4 217.2 13.4 86.6 4.70
#10 522.5 32.1 67.9 1.98
#20 1098.4 67.6 32.4 0.83
#40 1502.1 92.4 7.6 0.42
#60 1565.5 96.3 3.7 0.25
#100 1584.6 97.5 25 0.150
#200 1506.2 98.2 1.8 0.074

Sieve Analysis Data for Sample E27-21-277.0
g 2 g8 8

U.S. Std. Sieve
8 i ez 8

N
100% .

p1.5"

314"
-1 3/8

#4
t#10

90%

80%

70%

60%

50%

Percent Passing

40%

30%

20%

10%

0% -
100. 10. 1. 0.1 0.01
Grain Size, mm

Comments:  Gravelly sand. Sample collected from cyclone.

Sample is representative of formation.

All data are accurately and completely recorded.

Checked By: LD W lhor Date: ?/3'0/0 2
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CH2M Hill Hanford, Inc.

SIEVE ANALYSIS
WELL NAME 299-E27-21 |[DEPTH 312-315  |[SAMPLE# E27-21-312.0[WELL ID# cat2]
TESTED BY CRM J[CONTACT ~ Dave Weekes|PHONE 372-9350 ||DATE 07/22/2003
SAMPLE SIEVE  [CUMULATIVE| % WEIGHT % | GrainSize | COMMENTS
WT (g) SIZE IN. | WEIGHT(g) | RETAINED| PASSING (mm)
1743.50 2" 0.0 0.0 100.0 50.80
1.6" 91.1 5.2 94.8 38.10
3/4" 413.1 23.7 76.3 19.05
3/8" 956.1 54.8 45.2 9.42
#4 1446.6 83.0 17.0 470
#10 1668.9 95.7 4.3 1.98
#20 1717.2 98.5 15 0.83
#40 1726.5 99.0 1.0 0.42
#60 1731.1 99.3 0.7 0.25
#100 1735.0 99.5 0.5 0.150
#200 1743.5 100.0 0.0 0.074

Sieve Analysis Data for Sample E27-21-312.0

U.S. Std. Sleve, L =) o o 8
fo0% I - L 2.

#100

90%

80%

70%

60%

50%

Percent Passing

40%

30%

20%

10%

0% R - : $ fan . H o " H H . .'. id 5 &
100. 10. 1. 0.1 0.01
Grain Size, mm

Comments:  Gravel. Sample collected from cyclone. Fines washed away.
Sample not representative of formation.
All data are accurately and completely recorded.

Checked By: L.D. Walkar pate: ¢/30/03
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- CH2M Hill Hanford, Inc.

SIEVE ANALYSIS

WELL NAME 299-E27-20 |[DEPTH 275.0-277.0 ||SAMPLE# E27-20-275.0]| WELL ID# C4126
TESTED BY CRM CONTACT  Dave Weekeg|PHONE 372-9350 |IDATE 07/30/2003

SAMPLE SIEVE  [CUMULATIVE|] % WEIGHT % | Grain Size | COMMENTS
WT (g) SIZEIN. | WEIGHT(g) | RETAINED| PASSING |  (mm)
1669.70 2" 0.0 0.0 100.0 50,80
1.5" 0.0 0.0 100.0 38.10
3/4" 128.8 7.7 92.3 19.05
3/8" 281.1 16.8 83.2 9.42
#4 555.7 33.3 66.7 4.70
#10 943.2 56.5 435 1.98
#20 13131 78.6 214 0.83
#40 1568.2 93.9 6.1 0.42
#60 1620.7 97.1 2.9 0.25
#100 1635.7 98.0 2.0 0.150
#200 1642.7 98.4 16 0.074

Sieve Analysis Data for Sample E27-20-275.0

S o o o o 8 8
- ™M

s & % € F €5 ¢

U.S. Std. Siewv
100%

ax
3]
&
~

90%

80%

70%

60%

Percent Passing
) (4]
(=]
B

100. 10. 1. 0.1 0.01
Grain Size, mm

Comments: _ Sandy gravel. Sample coliected from cyclone.
Sample is representative of formation.
All data are accurately and completely recorded.

CheckedBy. . D.Wa/fet Date: __7/30/03
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CH2M Hill Hanford, Inc.

SIEVE ANALYSIS

WELL NAME 299-E27-23 |IDEPTH 310-312 [SAMPLE# E27-23-310.0WELL ID# C4190
TESTED BY CRM |[CONTACT  Dave Weekeg|PHONE 372-9350 |DATE 08/06/2003
SAMPLE SIEVE |CUMULATIVE| % WEIGHT % Grain Size | COMMENTS
WT (g) SIZEIN. | WEIGHT(g) | RETAINED| PASSING (mm)
1575.60 2" 0.0 0.0 100.0 50.80
15" 0.0 0.0 100.0 38.10
3/4" 193.2 12.3 87.7 19.05
3/8" 492.2 S 3.2 68.8 9.42
#4 645.9 41,0 59.0 4.70
#10 901.4 57.2 428 1.98
#20 1296.2 82.3 17.7 0.83
#40 1504.6 95.5 4.5 0.42
#60 1551.2 98.5 15 0.25
#100 1565.1 99.3 0.7 0.150
#200 1570.4 99.7 0.3 0.074

Sieve Analysis Data for Sample E27-23-310.0

t#l

100%

U.s.s&d.ﬁmht‘? s & 3 8 § s §§ g

90%

80%

70%

60%

50%

Percent Passing

40%

30% +-

20%

10%

100. . 1. 0.1
Grain Size, mm

Comments:  Sandy Gravel. Sample collected from cyclone.

0.01

Sample representative of formation.

All data are accurately and completely recordéd.

Checked By: LD waller Date: 9’/ 2 ZZQE
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CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST

C.0.C. No.

Page A of )\
Collector Contact/Requestor Telephone No. MSIN FAX
Flupe Younlued Sl Wriaght 20 -39y ey -294
SAF No. Sample Origin Purchase Order/Charge Code
PAX-E 27-23 Caatay)
Project Title Logbook No. lee Chest No. Temp.
dyod RcRA I WMng.
Shipped To (Lab) =X Method of Shipment Bill of Lading/Air Bill No.
Protocol Data Turnaround Offsite Property No.
Sample No. Lab 1D Date Time | No.JType Container Sample Analysis Preservative
il ~w-u5 CN | plalpn] 1515 D \exan linges
g -0.5-34.0 calalps 1534 [ \exan Lint.
At = 3g.D-0p. 5 oBlaflo>| lwoal|2 Yenan |inees
POSSIBLE SAMPLE HAZARDS/REMARKS (List all known wastes) MSDS [] Yes [J No | SPECIAL INSTRUCTIONS Fold Time
Unaachan e o%‘\x\\a},
Relinquished By Print Sign A Date/Time - | Received By Print - ign Date/Time Matrix*
tr ﬂé/&,&,ﬂd//fmﬁ/ 2] $/ais = /)aﬁ-»
Relinquished By ﬁD Date/Time Received By Daterfime S = Soil DS = Drum Solids
) = A i ) SE = Sediment DL = Drum Liquids
a/?/ﬁlﬂ V‘J/Z{ /-44'/ \j)/’r,/o__? Cﬁllﬂhy M(x‘ﬂf’ (2)1;-\.\\, }.@G,‘r.’ Yoo 0t iew SO = Sol'ulj T = Tissue a
‘Relinquished B i ! 7 7
q Y Dale/Time | Received By Date/Time | o Sludge Wl = Wipe
ra— W = Water L = Liquid
Relinguished By Date/Time Received By Date/Time o =0i V= Vegetation
A = Air X = Other
FINAL SAMPLE | Disposal Method (e.g., Return to customner, per lab procedure, used in process) Disposed By Date/Time
DISPOSITION

All samples containing hazardous materials shall be picked up by requestor and returned to parent container or site of origin.

A-6003-432 (05/02)
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CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST

C.0.C. No.

Page __\ of _ 3
Collector Contact/Requestor Telephone No. MSIN FAX
oo \\qr\{\ﬁ"r} Cwris LoriahT 33 3-3944
SAF No. Sample Origin Purchase Order/Charge Code
daa-£ a3-22 Ccdiag)
Project Title Logbook No. lce Chest No. Temp.
“No3 et AciWne
Shipped To (Lab) = Method of Shipment Bill of Lading/Air Bill Mo.
Protocol Data Turnaround Offsite Property No.
Sample No. LabiD - Date Time | NoJ/Type Container Sample Analysis Preservative
CAlau-2p $-A.0 S |o8lasle’ | eSS | 3 texan tinges
S dnd - 39.0-318 S loBlaglos 10933 12 lexam Liners
cdran-31.5~34.0 S jeslaalos |0747 |3 Rxen Uinens
cytay-34.4- 34.5 S balasled p81d4 |2 ¢exan Liners
cdlad- 3.4 -39.0 S |o2 laalcB jpgad |3 Laxan Ciners
Cuiag - 39. 0 A8 5 palaalo3 |oaoa |5 texan Linersg
cunad-4.5 144D S ohlaslod [0%ag  [2 (exan Lintrs
cdiad-d4y o 46.5 5 bslzzlaz bags | (exan Liners
¢ diad-4d6.SF 4.0 S |zalzzles {101 |2 teran lingrs
4L ~a9.¢-51.5 S joslaslesfloss |5 texan Cines _
POSSIBLE SAMPLE HAZARDS/REMARKS (List all known wastes) MSDS [] Yes [] No SPECIAL INSTRUCTIONS Hold Time
Relinquished By Print Sign Date/Time Received By Print . ign Date/Time f
" . on Matrix
Unaciene ot ne z \ Ch arRig oK 0%laalez foRIEA I /A’r-vg/ o LS’/J% ¢ e _ Soid
Relinquished By ' BN te!Time‘ ° Received By P Datermime | > = Soi ek
- . .4 . = . SE = Sediment DL = Drum Liquids
/ u@’(,J/((/.M/f-\j E”/;):" (0X«¢ % Sy :_;;_:;}*r' Cinng LeCor FeSHS A48 |0 - soid I
Relinquished B L i ived'l ! i
q y Date/Time Received By Date/Time SL = Sludge Wi = Wipe
— W = Water L = Liquid
Relinquished By Date/Time Received By Date/Time o = 0i V = Vegetation
A = Air X = Other
FINAL sampLE | Disposal Method (e.g., Return to customer, per lab procedure, used in process) Disposed By Date/Time
DISPOSITION
All les containing h d shall be picked up by requestor and returned to parent container or site of origin. A-6003-432 (05/02)
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CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST

C.0.C. No.

Page _ 2 ___of 2

Collector Contact/Requestor Telephone No. MSIN FAX
\uoar  Yanfed ety m"'n':i"‘\_c 73-394aY
SAF No. Sample Origin Purchase Order/Charge Code
Saa-gag-a2 Cedad)
Project Title Logbook No. lce Chest No. Temp.
No3 RCRWA d¢) \.‘\uv)g
Shipped To (Lab) Method of Shipment Bill of Lading/Air Bill No.
Protocol Data Turnaround Offsite Property No.
Sample No. Lab ID . Date Time | No.JType Container Sample Analysis Preservative
c4lad-§r.5 FS4.0 5 palaales [Weo b tesaw Liners
talad-sd.056 S S balasles Wwal I3 tgxawm Liners
[Cutad~56.5 L59.0 1S kglasla3 (1253 |2 Cexon Liners
Celind = (51.5]-64.0 S palasloyi3dr |2 Lexan Liners
Cdlad- G4.g= bl S S Rlasles [1don |1 Lenan Linge 4 bS5 = EmANY - perossRT
c.m.;q-c.u.sl'l:-%-mt ° S lRlzzlod [M3S |3 Lexan Uners
POSSIBLE SAMPLE HAZARDS/REMARKS (List all known wastes) MsSDS [] Yes [ No SPECIAL INSTRUCTIONS Hold Time
Relinquished By Print Sign Dale/Time Received By Print Dale/Time
Matrix*
Shactens Machk net\%pwl ®Rlaxles LexE MJUAW') \?AS‘A 2 a7ed )
Relinguished By Date/Time Received By Date/Time S = Soil DS = Drum Solids
; . SE = Sediment DL = Drum Liguids
/SrAE A e /M/M 3/3 /s & 26| Bwmny LeGore *J'“w ey ses s SO = Solid T = Tissue
Relinquished B . i i ; B B
q Y Date/Time Received By Date/Time SL = Sludge W = Wipe
— W = Water L = Liquid
Relinquished By Date/Time Received By Date/Time o = 0i V= Vegetation
A = Air X = Other
Fé%osswgw Disposal Method (e.g., Relurn to customer, per lab procedure, used in process) Disposed By Date/Time
(s]] .

All samples containing hazardous materials shall be picked up by requestor and returned to parent container or site of origin.

A-6003-432 (05/02)
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CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST

C.0.C. No.

Page | of 1

Collector Contact/Requestor Telephone No. MSIN FAX
Fluerc k\QV\-Cuv-é CUnris LapightT 373-3929
SAF No. Samgle Origin ™ Purchase Order/Charge Code
2a%-ga37->2 (ed12ad)
Project Title Logbook Mo. lce Chest No. Temp.
e Reen Ael Wing - e
Shipped To (Lab) ~ Method of Shipment Bill of Lading/Air Bill No.
Protocol Data Tumaround Offsite Property Mo.
Sample No. Lab ID * Date Time | No.JType Container Sample Analysis Preservative
“lediag -SEId.0 S |egladled | o273 1lexan Uinecs
/}Lul;u- U.0F a5 S |o8legloy |0802 |3 tenam Linecs
Aeand - 6.5 +79.0 s o%lcélo} &34 |2 texpr Uner s
ATdad-y3.0 4815 S [edlasley |oWB | Loxan Liners
Acuwad- 4.5 4440 s a%l.‘ls‘lCB 05D |2 Lexan Liners
sledad-sd.0 486-5 S lealasles|iov1 |3 Lexan Uines
“leua-86.S4 84.0 S _|ealasler | woD |2 texan Uvers
|eazu-ga0]- a8 S [eRlagla3 | wad |3 Lexam Gwmers
- caraa~aLs ko S |oBlaslo3 | vaz e |3 Ltkam Linces
“leanad-adobkag.s S |e8laglo3| 308 [ Cexan Urnecs
POSSIBLE SAMPLE HAZARDS/REMARKS (List all known wastes) MSDS [] Yes [] No SPECIAL INSTRUCTIONS Hold Time
Relinquished By Print Sign Date/Time Received By Print Sign DatefTime Matrix*
B 7 e L, (e
warcte ne\Martings \ Wnarle masking o8\25la3 LLIE eyt 1443 /J/ef/‘-’*D qﬂ"/‘*b’ s = ol DS = Drum Solids
Relinquished By Date/Time Received By A Date/Time SE _ Smdm t DL Drum Liquids
s i 7 74]8) = Sedimen = Drum Li
BA’J@J LITLL 2 //}«_D .QJ?A‘Z E&u Cloayhon kufﬁm}ﬂ /2 2/0% SO = Solid T = Tissue
Relinquished By Date/Time | Recéived By . Date/Time | g - guydge W = Wipe
W = Water L = Liquid
Relinquished By Date/Time Received By Date/Time o = 0i V = Vegetation
A = Ar X = Other
FINAL SAMPLE Disposal Method (e.g., Return to customer, per lab procedure, used in process) Disposed By Date/Time

DISPOSITION

All samples containina hazardous materials shall be picked ub bv reauestor and returned to parent container or site of origin.

A_RANT.A? INRIN2Y
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CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST

C.0.C. No.

Page _\ of 2

llector Contact/Requestor Telephone No. MSIN FAX
\uwore 't\af\'ggwé Carie wicighl 2A23~3Y
SAF No. Sample Origin Purchase Order/Charge Code
209- zan-a3 (cdad)
Project Title Logbook No. Ice Chest No. Temp.
2 el dellling
Shipped To (Lab) ~ Method of Shipment Bill of Lading/Air Bill No.
Protocol Data Turnaround Offsite Property No.
Sample No. LabiD o Date Time | No./Type Container Sample Analysis Preservative
~leaa-2,5-19.0 S lomlanles | 06453 troxan Lines
Lf diad - qa—haotl.S S = o1y b
Lrletlod- Lol SF tod4.0 s \ o4 s
AEa— i d-lo6S L o’ b
e avad ol SO S |oBlaglod| oR3A | o texan Lines
A~ \pF O~ WS S| ©9a% W
Tleuiad- [0 ~liueS S ha [Vel-T b [
wToediad-nap ~ 1§ S u noY v
Vloama - b - 1365 s - w43 "
plsanna - vagle 131§ S |ofaules] \310 |3 texan Sinecs —
POSSIBLE SAMPLE HAZARDS/REMARKS (List all known wastes) MSDS [ ] Yes [] No SPECIAL INSTRUCTIONS Hold Time
Relinquished By Print Sign Date/Time Received By Print t Date/Time e
' / b Matrix
" . WNeuneo\alos | o)) it ALY s e - Orum Solic
Relinquished By § DatelTime | Received By 7 DdteTime | 5 = Sof .
= e | o ; 7 . nge SE = Sediment DL = Drum Liquids
R%v:ﬂcuw ///21/3 ﬁjJD/D( fr;, Cé;;zj:(mﬁ M;ﬁ%‘ >2)ar | so = soid T = Tissue
e i f T K
inquis| ¥ ate/Time Received By / Date/Time SL = Sludge Wi = Wipe
— W = Water L = Liquid
Relinquished By Date/Time Received By Date/Time o = 0i V = Vegetation
A = Air X = Other
FINAL sampLE | Disposal Method (e.g., Return to customer, per lab procedure, used in process) Disposed By Date/Time

DISPOSITION

All samples containing hazardous materials shall be picked up by requestor and returned to parent container or site of origin. A-6003-432 (05/02)
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C.0.C. No.

CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST :
Page __ % _of &
Colledcr Contact/Requestor Telephone No. MSIN FAX
Clueor Yorloed SXlTLe 1o G HT 373-3994
SAF No. Sample Origin Purchase Order/Charge Code
29~ 27~2D
Project Title Loghook No. Ice Chest No. Temp.
CNOR Reed AdviWing
Shipped To (Lab) - =y Method of Shipment Bill of Lading/Air Bill No.
Protocol Data Turnaround Offsite Property No.
Sample No. LabID * Date Time | MNo./Type Container Sample Analysis Preservative
ooy -134.9-13.5 Rloyles| 4ol [Rlexan Linerns
“eay g s s | v 144t \
L~
e dd~1dd.D =14, S 5 rat.mtot. 545 |2 exan Uners
POSSIBLE SAMPLE HAZARDS/REMARKS (List all known wastes) MSDS [] Yes [] No SPECIAL INSTRUCTIONS Hold Time
Relinquished By Print Sign Date/Time Recewed By Print Sign Date/Time N
. 2077 gy // %—9 o ey Matrix
ALY o> T'Génﬂébr o /Jf/b? e S = Drum Solid
Relinquished By Date/Time ived By 7 Date/Time : = Soil DS = Drurn ° :
/rves 5 - H'go E = Sediment DL = Drum Liquids
é/(::;g( ”‘-f"‘, /5/ J/ﬁ“f/&; ) £ u C(O\ \r_'lafl\ A« /pﬂﬁx r?/l )2)1 SO = Solid T = Tissue
elinquis ? ’ =
inqul ¥ Date/Time Recefved By Date/Time SL = Sludge Wi = Wipe
— : W = Water L = Liguid
Relinquished By ) Date/Time Received By Date/Time o =0l V = Vegetation
A = Air X = Other
FINAL sampLE | Disposal Method (e.g., Return to customer, per lab procedure, used in process) Disposed By Date/Time
DISPOSITION
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CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST

C.0.C. No.

Page _ |
CouS_clor Contact/Requestor Telephone No. MSIN FAX
NonCood Siaris  \Oeighl 3973-~3994
SAF No. Sample Origin Purchase Order/Charge Code
229-g39-33 (evad)
Project Title Logbook No. Ice Chest No. Temp.
QMo 2.8 Aci\ing i —
Shipped To (Lab) =\ Method of Shipment Bill of Lading/Air Bill No.
Protocol Data Turnaround Offsite Property No.
Sample No. LabID * Date Time | NoJ/Type Container Sample Analysis Preservative
Cdlay ~14Q.b- 15 [.5 S loglanlox|0707 |2 texan liners
CHlad ~ 154 - 150 5 S " ofa1 |1 lexon Liner
Cday ~ 1599k LS S |o8\nlez oS |3 Lexan Uiwes
AN =1 D = fale . S S | v WO M
cdiad- o~ . § s leglaglo3|w\S |5 trxan tingrg
A
XICCCIRLE Ro T 1307 )
CH1ad- \J9.I0 ~\R(.§ S |#Blo3| 1359 | 9 Lexan Uine
clad - 184 |6=18.5 s " wsd "
Cdad- 1834 ~lus S le8(av(o3 1849 |3 Cexan ¢ners
POSSIBLE SAMPLE HAZARDS/REMARKS (List all known wastes) MsSDS [ Yes [] No SPECIAL INSTRUCTIONS Hold Time
Relinquished By Print Sign Date/Time Received By Print Date/Time o
Oﬁd'h Matrix’
Mmﬂaﬂw* oslanlos  |[RIeEA -‘3“-"‘"‘ @ f5/s 5 e _ -
Relmqu:shed By Date/Time ‘lge‘ge]ved By Date/Time :E = Soil gs = gmm s rg:
) Q L~ q l / / . = Sediment L = Drum Liquids
- WE "AMJ /”/"J imu.lr.\\] IY£(|1\M :. f “\.“ 1 ﬂ’ ‘3[0% ,2740 SO = Solid T = Tissue
li hed B i i i :
elinquished By Date/Time | Received By Date/Time SL = Sludge W = Wipe
W = Water L = Liguid
Relinquished By Date/Time Received By Date/Time o = 0i V = Vegetation
A = Ar X = Other
FINAL SAMPLE Disposal Method (e.g., Return to customer, per lab procedure, used in process) Disposed By Date/Time
DISPOSITION
All samples containing hazardous materials shall be picked up by requestor and returned to parent container or site of origin. A-6003-432 (05/02)



91'd

CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST

C.O.C.No.

Page
Coliector Contact/Requestor Telephone No. MSIN FAX
v uwee anfecd s L9e,a T 373~ 3994
SAF No. Sample Origin % Purchase Order/Charge Code
208-Fag-—23 (Laiaw)
Project Title Logbook No. Ice Chest No. Temp.
SN o 3 RCKH dei\\ing :
Shipped To (Lab) c![ Method of Shipment Bill of Lading/Air Bill No.
Protocol Data Turnaround Offsite Property No.
Sample No. Lab ID - Date Time | NoJ/Type Container Sample Analysis Preservative
cdlay-1ay p-ray.S S |oAlealey 0749 D Lexan Linees
L dlad = aap- 2015 S Lfll.onloj 0125 Plexam Cinmers
e - 204 - 206.5 S 9lealns VO3 Plegan tiners
LM 30910~ 2 w. 8 S Aloalos [Was |3 cegan Gners [N —
- P ':.\ 2 SETS oF 209~ 21§ 4‘_\_/
LAlag ~ a2y S lotlealos|\a4 [ cexan tinees L= }7?."55. CAGE LY ('__, I N
lediad ~ 4.0 - 3318 > MAlpalos L4428 |1 Lexar Gnee
CLM <3240 - 2348 S _lodlpalas [LSUR [ Comn (inges
POSSIBLE SAMPLE HAZARDS/REMARKS (List all known wastes) MSDS [ ] Yes [] No SPECIAL INSTRUCTIONS Hold Time
Relinquished By Print Sign Date/Time | Received By Print Date/Time Matrix*
oloalos | L/ EAL Jesdm: _ ks i »
Relinquished By - EaN Dateﬂimeo Re/ceived By ¢ . DaterTime § = Soil Ds = Erum fo; :
Yy SE = Sediment DL = Drum Liquids
é.’)(,[_'ﬂm 1/;1@ VLQ/GJ/CU’ X It&hkh\fiﬂhﬂmd Sluhsd 4{5,0 7;» 13"{0 SO = Solid T = Tissue
| Refinquished £ ) te/Ti i N i
q y [ Date/Time Received By Date/Time SL = Sludge W = Wipe
W = Water L = Liquid
Relinquished By Date/Time Received By Date/Time O = 0i V = Vegetation
A = Air X = Other
FINAL SAMPLE | Disposal Method (e.g., Return to customer, per lab procedure, used in process) Disposed By Date/Time
DISPOSITION

All samples containing hazardous materials shall be picked up by requestor and returned to parent container or site of origin.
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DISPOSITION

> - C.0.C. Nu
"
CHAIN OF CUSTODY/SAMPLE ANALYSIS REQUEST
Page \ of _|
Collector Contact/Requestor Telephone No. MSIN FAX
Ciuoe Yowndoed Unris LWOeight 27 3-3994
SAF No. Sample Origin Purchase Order/Charge Code
299-€ 29-23 (cuma)
Project Title Logbook No. lce Chest No. Temp.
S403 Rewd éh"\\\ng
Shipped To (Lab) Method of Shipment Bill of Lading/Air Bill No.
Protocol Data Turnaround Offsite Property No.
Sample No. Lab ID . Date Time | MoJ/Type Container Sample Analysis Preservative
L4128 =290 ~ 5315 S loqlozled lo918 |\ Lexgn Lingt
POSSIBLE SAMPLE HAZARDS/REMARKS (List all known wastes) MSDS [] Yes [] No SPECIAL INSTRUCTIONS Hold Time
Relinquished By Print Sign Date/Time Received By Print Sign Date/Time Matrix*
. o84
Qo bene ating | 09 nre NonaRag _ oaloslo® fertn oruame [ B Dok afsfe ) , ) .
Relinquished By ,‘_ﬁ— /L DatefTime | Recelved By “Batermime ]S = Sail DS = Dnun Sollds
A o= - TSy e o, ; | ll - SE = Sediment DL = Drum Liquids
R/.%““ oIt g J 7%/ 2" 1 Arongu N\ Ddema , Vatane 1440 f?[;]c% oo - saa T - Tiesue
elinguished B! ¢ N i ived B N i
q y Date/Time | Received By DatefTinje SL = Siudge Wi = Wipe
_ W = Water L = Liquid
Relinquished By Date/Time Received By Date/Time 0 = 0i V = Vegetation
A = Air X = Other
FINAL SAMPLE | Disposal Method (e.g., Return to customer, per lab procedure, used in process) Disposed By Date/Time

All samples containing hazardous materials shall be picked up by requestor and returned to parent container or site of origin.

A-6003-432 (05/02)
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Pacific Northwest DAILY d_ Boring/WellNo _C 412 Y (A.‘;‘?-E.N-n) Depth " /9 -25"  Date [0-28-03. Sheet
National Laboratery | BOREHOLE LOG | Location C Tink Farm Project  \ndoce Zoime I of 22
Logged by 42 N 6\‘nrm§*a .__,‘ | Drilling Contractor
T T - £
Reviewed by Date Driller
=7 £
Lithologic Class. Scheme Procedure Rev Rig/Method
Steel Tape/E-Tape / Field Indicator Equip. 1) 2) Depth Control Point
DEPTH saMPLES  [conTamnaTioN | SRATHIC LITHOLOGIC DESCRIPTION o DRILLING COMMENTS
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9¢'d

Logged by BN B.orn 54-0\;1 f Drilling Contractor
L= _J g Pani 5 £
Reviewed by Date Driller
Tt =
Lithologic Class. Scheme Procedure Rev Rig/Method
Steel Tape/E-Tape / Field Indicator Equip. 1) 2) Depth Control Point
DEPTH SAMPLES CONTAMINATION | G“,fgg'c LITHOLOGIC DESCRIPTION &b DRILLING COMMENTS
TIME TURE (particle size distribution, sorting, mi gy. anbepn| CASING (drilling rate, down time, blow counts,
{ ) 1vee!| 10 NUMBER [INSTR| READING CI Z| s I G roundness, color, reaction to HCI, ete.} water level, drill fluid, ete.)
25 5.5 D pololib S lgse misy, S 30~ 2% |bas
\ mpx fedsize =~ 1S g1 Procly codted
| | ' G !
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26 ‘V 29 ‘9;-@\ ra!,\,‘f; 50 o com Tond 3P -Q«—&AJ mr4<j
| 4 d
2S s$. erpty
B
| L7 poav"a\a sarled | [50%€  wasv Sqney
175 S.S, %
o] [pebtly sauc  uob - shwe exia wf Hel
i 208, 011, 80%, Seud S=40l50% by,
18 < . .'_ |br3ca,o WAS Y. | G P(a_-._,!i";:'?p = {epa | ?._1 9‘,f,3 n,—-j-“«,;_\
| / ewp™Y
29 S.5. T pelebly amd |, max vk ema naadl dacde )
4 T -
WASN Uk rug L\J{'L‘c'. S“JH"W}')O I«‘ir,
L} T
lrgf clasks @ 1_,,,1, o cvin i JHE]
20 ;OQ Lo i'u- "‘}"[’. b P sre .'Jn.-_p.
S5, 20 7, -C” P am(g. ’ l\‘\’\. saw._..lrfb
[l
A
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Pacific Northwest
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Boring/Well No ____ C.H 124 Depth 3.5 -37.5 ' Date /o/28/s3 . Sheet

National Laboratory | BOREHOLE LOG | Location C Thnl Frewa Project  \/pdpse Zora 3 of 23
Logged by BN AL ovws&“?\rp | Drilling Contractor
L] ] 0 T S
Reviewed by Date Driller
=] -
Lithologic Class. Scheme Procedure Rev Rig/Method
Steel Tape/E-Tape / Field Indicator Equip. 1) 2) Depth Control Point
DEPTH SAMPLES CONTAMINATION MOIS- Gafopé"c LITHOLOGIC DESCRIPTION DRILLING COMMENTS
TIME TURE (particle size distribution, sorting, mineralogy, A;ﬁin CASING (drilling rate, down time, blow counts,
{ } tvee! 1o numaer linsTr] READING CJ zl sla roundness, celor, reaction to HCI, ete.) water level, drill fluid, etc.)
1.5 S.5. D O° I sl.pobloby cavd |, postl, ml-crs
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W = Wet, M = Moist, D = Dry
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Pacific Northwest DAILY Boring/Well No ey Depth  37.5-43.5 ' Date /0-28 03 Sheet

Nati ' ; —_ . - .
ational Laboratery | BOREHOLE LOG |[Llocation ¢ Tank Farna Project  |)nJ) os0 Zonx 4 of 23
Logged by B d J{\, : 2rinshad I Drilling Contractor
L ) w Fare - T
Reviewed by Date Driller
Fred T
Lithologic Class. Scheme Procedure Rev Rig/Method
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Steel Tape/E-Tape f Field Indicator Equip. 1) 2) Depth Control Point
DEPTH SAMPLES  [CONTAMINATION o e  LITHOLOGIC DESCRIPTION o _ DRILLING COMMENTS
( ) TIME TURE [panlcfedslzc d:sl:lbn:l.rran, ipm:lgkrgilnezlogy‘ apbeEn| CASING (dnllm‘e 1.1lr.-l. do:vg !‘IITI‘I"%IO“;:OUMS'
TYPE | 1D NUMBER |INSTRI READING c | Z‘ s I G roundness, color, reaction lo , elc.) ater level, drill fuid, ete.)
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Logged by BN Rior ;\5“%)\:} i Drilling Contractor
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Reviewed by Date Driller
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Lithologic Class. Scheme Procedure Rev Rig/Method
Steel Tape/E-Tape / Field Indicator Equip. 1) 2) Depth Control Point
DEPTH SAMPLES CONTAMINATION Gmpulc LITHOLOGIC DESCRIPTION DRILLING COMMENTS
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Reviewed by Date Driller
Vel =
Lithologic Class. Scheme Procedure Rev Rig/Method
Steel Tape/E-Tape ! Field Indicator Equip. 1) 2) Depth Control Point
DEPTH SAMPLES CONTAMINATION "-‘R.:‘(fé“c LITHOLOGIC DESCRIPTION DRILLING COMMENTS
TIME TUHE- P size distribution, sorting, mineralogy, Agﬁ%D CASING (drilling rate, down time, blow counts,
{ 1vpe| 10 NUMBER lINSTR] READING c] 2|5 G roundness, color, reaction to HCI, etc.) water level, drill fluid, etc.)
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Appendix C

Spectral Gamma Ray Logs and Gyroscope Survey Data Results
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* Grand Junction Office coaabliched 1959

C-4124
Log Data Report
Borehole Information:
Borehole: C-4124 | Site: _North of C Tank Farm
Coordinates (WA St Plane) GWL' (ft): 230 GWL Date:  09/08/03
North East Ground Level
(Estimated) (Estimated) Drill Date Elevation Total Depth (ft) Type
136650 m 575200 m 08/03 Mot available 268.0 Becker
Casing Information:
Outer Inside
Diameter Diameter  Thickness
Casing Type Stickup (ft) {in.) (in.) (in.) Top (ft) Bottom (ft)
Threaded Steel 3.55 9.0 8.0 0.50 +3.55 268.0
Steel Tubing 3.1 6.24 6.0 0.120 +3.1 268.0

Borehole Notes:

The casing dimensions are derived from published values for Becker drill casing. Casing thicknesses at the
joints are 0.875- and 0.240-in. for the 8- and 6-in. casings, respectively. The total depth of the borehole
was provided by the driller. The well site geologist provided the depth to water. Borehole coordinates
were provided by Fluor Hanford’s person in charge and are estimates. Ground level elevation was not
available. Logging data acquisition is referenced to the ground surface.

Logging Equipment Information:

i . _ SGLS (70%)
Logging System: Gamma 1E | Type: SN: 34TP110198
Calibration Date: 07/03 Calibration Reference: GJ0-2003-468-TAC

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

Spectral Gamma Logging System (SGLS) Log Run Information:

Log Run 1 2 Repeat

Date 09/08/03 09/08/03

Logging Engineer Kos Kos

Start Depth (ft) 266.45 31.45

Finish Depth (ft) 0.45 4.45

Count Time (sec) 100 100

Live/Real R R

Shield (Y/N) N N

MSA Interval (ft) 1.0 1.0

ft/min N/A? N/A

Pre-Verification AEO31CAB AEQ31CAB |

Start File AE031000 AE031267 |

Finish File AE031266 AE031294 |
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Log Run 1 2 Repeat

Post-Verification AEQ31CAA AEO31CAA

Depth Return Error -1.25 0

(in.)

Comments No fine-gain No fine-gain
adjustment. adjustment.

Logging Operation Notes:

Spectral gamma logging was performed in this borehole on September 8, 2003. Logging was conducted
with a centralizer on the sonde. Logging was inadvertently initialized at the top of casing. Because the
casing was not permanent, during analysis all measurements were corrected by the amount of stickup

(3.55 fi) so that the ground surface is the reference point. A repeat section was collected in this borehole to
evaluate system performance.

Analysis Notes:
[ Analyst: | Henwood [ Date: | 09/10/03 | Reference: | GJO-HGLP 1.6.3, Rev. C

Pre-run and post-run verifications for the logging system were performed before and afier data acquisition.
Acceptance criteria were met.

A combined casing correction for 0.620-in.-thick casing was applied throughout the borehole for both
casings. The combined thickness at casing joints is 1.115 in. This thickness results in a significant
reduction in gamma activity detection as the detector passes by a casing joint. However, it is not practical
to correct individual data points for the effect of casing joints. The influence of the thick joints is apparent
on the total gamma and *’K logs where reduced count rates and concentrations are exhibited at
approximately 10-ft depth intervals.

SGLS spectra were processed in batch mode using APTEC SUPERVISOR to identify individual energy
peaks and determine count rates. Concentrations were calculated with an EXCEL worksheet template
identified as G1EJul03.xls using efficiency functions and corrections for casing, water, and dead time as
determined from annual calibrations. Dead time corrections are applied where dead times exceed

10.5 percent; no dead times in excess of 10.5 percent were encountered. Correction for water was applied
to the data below 230 ft.

Log Plot Notes:

Separate log plots are provided for the man-made radionuclide (**’Cs) detected in the borehole, naturally
occurring radionuclides (*°K, ***U, **Th [KUT]), a combination of man-made, KUT, and dead time, and
total gamma plotted with dead time. For each radionuclide, the energy value of the spectral peak used for
quantification is indicated. Unless otherwise noted, all radionuclides are plotted in picocuries per gram
(pCi/g). The open circles indicate the minimum detectable level (MDL) for each radionuclide. Error bars
on each plot represent error associated with counting statistics only and do not include errors associated
with the inverse efficiency function, dead time correction, casing corrections, or water corrections. A
repeat log section is also included.

Results and Interpretations:

1¥7Cs was the only man-made radionuclide detected in this borehole. 17Cs was detected at a few sporadic
locations throughout the borehole near its MDL of approximately 0.2 pCi/g.
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The repeat section indicated good agreement of the naturally occurring KUT.

' GWL — groundwater level
2 N/A —not applicable

Page 3

C3



C4



C5



C.6



LD



80



60



C.10



C.11



C.12



2 VN

8’ Grand Jupction Office corabliched 1959

C-4125
Log Data Report

Borehole Information:

Borehole: C-4125 | Site:  West of C Tank Farm
Coordinates (WA St Plane) GWL' (ft): 268 GWL Date:  08/15/03
North East Ground Level
(Estimated) (Estimated) Drill Date Elevation Total Depth (ft) Type
136500 575025 08/03 Not available 309.0 Becker

Casing Information:

Quter Inside
Diameter  Diameter Thickness
Casing Type Stickup (ft) (in.) (in.) (in.) Top (ft) Bottom (ft)
Threaded steel 1.7 11.0 10.0 0.50 +1.7 30
Becker 3.1 6.24 6.0 0.12 +3.1 309.0
Becker 2.7 9.0 8.0 0.5 +2.7 309.0

Borehole Notes:

The casing dimensions are derived from published values for Becker drill casing. Casing thicknesses at the
joints are 0.875- and 0.240-in. for the 8- and 6-in. casings, respectively. The Fluor Hanford drilling
supervisor provided the total drilling depth, depth to water, and borehole coordinates. Ground level
elevation was not available. Logging data acquisition is referenced to the ground surface.

Logging Equipment Information:

B 0,
Logging System: Gamma 1E Type: gﬁl‘g 4(T?F?4/:])587 A
Calibration Date: 07/03 Calibration Reference: GJ0O-2003-468-TAC

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

Spectral Gamma Logging System (SGLS) Log Run Information:

| Log Run 1 2 Repeat 3
Date 08/15/03 08/16/03 08/16/03
Logging Engineer Spatz Spatz Spatz
Start Depth (ft) 301.0 121.0 89.0
Finish Depth (ft) 90.0 90.0 25.0
Count Time (sec) 100 100 100
Live/Real R R R
Shield (Y/N) N N N
MSA Interval (ft) 1.0 1.0 1.0
f/min N/A® N/A N/A
Pre-Verification AE018CAB AED19CAB AE019CAB
Start File AE018000 AE019000 AE019032
Finish File AE018211 AE019031 AE019096 o -
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Log Run 1 2 Repeat 3
Post-Verification AED18CAA AE019CAA AEO019CAA
Depth Return Error -1 N/A N/A
(in.)

Comments Fine-gain No fine-gain No fine-gain
adjustment adjustment. adjustment.
made after files
-102, -144,

-177, -182.

Logging Operation Notes:

Spectral gamma logging was performed in this borehole on August 15 and 16, 2003. Logging was
conducted with a centralizer on the sonde. Measurements are referenced to ground surface. A repeat
section was collected in this borehole to evaluate system performance. No logging was performed between
the ground surface and 25 ft because a 10-in. casing was present in addition to the 6- and 8-in. casings.
Logging depth achieved was 301 ft, 8.0 ft less than the reported drilling depth.

Analysis Notes:

[ Analyst: [ Henwood [ Date: [ 08/28/03 | Reference: | GJO-HGLP 1.6.3, Rev. 0 |

Pre-run and post-run verifications for the logging system were performed before and after data acquisition.
Acceptance criteria were met.

A combined casing correction for 0.620-in.-thick casing (0.5 +.12 in.) was applied below 25 ft for the 8-
and 6-in. casings. The combined thickness at casing joints is 1.115 in. This thickness results in a
significant reduction in gamma activity detection as the detector passes by a casing joint. However, it is
not practical to correct individual data points for the effect of casing joints. The influence of the thick
joints is apparent in the total gamma and *’K logs where reduced count rates and concentrations are
exhibited at approximately 10-ft depth intervals. For the depth interval between 25 and 30 ft a correction
for 1.12-in. casing was applied where 10, 6, and 8-in. casings were present.

SGLS spectra were processed in batch mode using APTEC SUPERVISOR to identify individual energy
peaks and determine count rates. Concentrations were calculated with an EXCEL worksheet template
identified as G1EJul03.xls using efficiency functions and corrections for casing, water, and dead time as
determined from annual calibrations. Dead time corrections are applied where dead times exceed 10.5
percent; no dead times in excess of 10.5 percent were encountered. Correction for water was applied to the
data below 268 ft.

Log Plot Notes:

Separate log plots are provided for the man-made radionuclide ( 137Cs) detected in the borehole, naturally
occurring radionuclides (*°K, 2*U, *>Th [KUT]), a combination of man-made, KUT, and dead time, and
total gamma plotted with dead time. For each radionuclide, the energy value of the spectral peak used for
quantification is indicated. Unless otherwise noted, all radionuclides are plotted in picocuries per gram
(pCi/g). The open circles indicate the minimum detectable level (MDL) for each radionuclide. Error bars
on each plot represent error associated with counting statistics only and do not include errors associated
with the inverse efficiency function, dead time correction, casing corrections, or water corrections. A
repeat log section is also included.

Results and Interpretations:

17Cs was the only man-made radionuclide detected in this borehole. *’Cs was detected at a few sporadic
locations in the borehole near its MDL of approximately 0.2 pCi/g.
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The repeat sections indicated good agreement of the naturally occurring KUT.

' GWL — groundwater level
2 N/A — not applicable
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L » J Grand Junction Office pablivhed 1919
C-4127
Log Data Report
I ation:
Borshole: __ C-4127 ~ ] Site: _South of C Tank Farm
Coordinates (WA St Plane) GWI_._'_(ﬂ}: 272 GWL Date: 07/21/03
Ground Level
North East Drill Date Elevation Total Depth (ft) Type
Not available Not available 07/03 Not available 318.0 Becker
Casing Information:
Outer Inside
Diameter Diameter Thickness
Casing Type Stickup (ft) __(in.) (in.) (in.) Top (ft) _Bottom (ft)
Steel mbing 2.7 6.24 6.0 0.125 0 318.0
Threaded Steel 2.1 9.0 8.0 (.50 0 318.0

Borehole Notes:

The casing dimensions are derived from published values for Becker drill casing. Casing thicknesses at the
joints are 0.875 in, and 0.240 in, for the 8-in. and 6-in. casings, respectively. The total depth of the
borehole was provided by the driller. The well site geologist provided the depth to water. Logging data
acquisition is referenced to the ground surface.

n i t :
. — SGLS (70%)
Logging System: anma 1E _ Type: SN: 34TP40587A
Calibration Date: 07/03 Calibration Reference: GJO-2003-468-TAR
] Logging Procedure: MAC-HGLP 1.6.5, Rev. 0

[Log Run 1 2 3 Repeat 4
Date 07/21/03 07/22/03 07/22/03 07/22/03

| Logging Engineer Kos Kos Kos ___Kos
Start Depth (ft) 30.0 316.0 142.0 108.0
Finish Depth (ft) 0.0 110.0 110.0 29.0
Count Time (sec) 100 100 100 100

| Live/Real [ R R R___ | R
Shield (Y/N) N N N N
MSA interval (ft) 1.0 1.0 1.0 1.0
fmin — NIA? N/A “NA N/A

[ Pre-Verification AE002CAB | AEO003CAB AE003CAB AE003CAB
Start File AE002000 AE003000 AE003207 AE003240
Finish File AE002030 AE003206 AE003239 AE003320
Post-Verification AE002CAA_| AEO003CAA AEO03CAA AEOO3CAA




| Log Run 1 2 3 Repeat 4

Depth Retumn Error 0 N/A N/A -1.75

(in.)

Comments No fine-gain No fine-gain No fine-gain Gain

adjustment. adjustment. adjustment. adjustment

files -3250,
-3271, and
-3297

Logging Operation Notes:
Spectral gamma logging was performed in this borehole on July 21 and 22, 2003. Logging was conducted

with a centralizer on the sonde and measurements are referenced to ground surface. A repeat section was
collected in this borehole to evaluate system performance.

Analysis Notes:

[ Analyst: | Henwood [ Date: [ 07/28/03 | Reference: | GJO-HGLP 1.6.3, Rev. 0 |

Pre-run and post-run verifications for the logging system were performed before and after data acquisition.
Acceptance criteria were met.

A combined casing correction for 0.675-in.-thick casing was applied throughout the borehole for both
casings. The combined thickness at casing joints is 1.115 in. This thickness results in a significant
reduction in gamma activity detection as the detector passes by a casing joint. However, it is not practical
to correct individual data points for the effect of casing joints. The influence of the thick joints is apparent
on the total gamma and *°K logs where reduced count rates and concentrations are exhibited at
approximately 10-ft depth intervals.

SGLS spectra were processed in batch mode using APTEC SUPERVISOR to identify individual energy
peaks and determine count rates. Concentrations were calculated with an EXCEL worksheet template
identified as G1EJul03.xls using efficiency functions and corrections for casing, water, and dead time as
determined from annual calibrations. Dead time corrections are applied where dead times exceed

10.5 percent; no dead times in excess of 10.5 percent were encountered. Correction for water was applied
to the data below 272 ft.

Log Plot Notes:

Separate log plots are provided for the man-made radionuclide ( 137Cs) detected in the borehole, naturally
occurring radionuclides (*°K, 2*U, 2Th [KUT]), a combination of man-made, KUT, and dead time, and
total gamma plotted with dead time. For each radionuclide, the energy value of the spectral peak used for
quantification is indicated. Unless otherwise noted, all radionuclides are plotted in picocuries per gram
(pCi/g). The open circles indicate the minimum detectable level (MDL) for each radionuclide. Error bars
on each plot represent error associated with counting statistics only and do not include errors associated
with the inverse efficiency function, dead time correction, casing corrections, or water corrections. A
repeat log section is also included.
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Results and Interpretations:

137Cs was the only man-made radionuclide detected in this borehole. '’Cs was detected at a few sporadic
locations throughout the borehole near its MDL of approximately 0.2 pCi/g.

The repeat sections indicated good agreement of the naturally occurring KUT.

' GWL - groundwater level
2 N/A - not applicable
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C4190
Log Data Report
Borehole Information:
Borehole: C4190 ] Site: Southwest of C Tank Farm
Coordinates (WA State Plane) GWL (ft)': 273 GWL Date: 8/6/2003
North East Drill Date | TOC® Elevation | Total Depth (ft) Type
NA? N/A August 2003 N/A 318 Becker
Casing Information:
Outer inside
Diameter Diameter Thickness Top Bottom
| Casing Type Stickp (M) __ (n) ___(in) (n) (0 (#
Threaded steel 2.85 6 1/4 6 1/8 +2.85 318
Threaded steel 2.25 9 8 1/2 2.25 318

Casing stickup was measured using a steel tape. The logging engineer measured the outside diameters for
both the 6- and 8-in. casings using a caliper. The caliper and 6-in. inside casing diameter were measured

using a steel tape; measurements were rounded to the nearest 1/16 in.
Borehole Notes:
Zero reference is the ground surface. This borehole was logged through the drill pipe. The borehole is

located approximately 30 ft east of UPR 200-E-86 and 20 ft north of the MO 822 change trailer. A 6-in.
layer of crushed gravel is present on the ground surface surrounding the drill site.

The Becker drilling system utilizes a special dual-wall casing string. Air passes through the annular space
between the inner and outer casing, and drill cuttings are brought up inside the inner casing. For this well,
the casing consisted of a 6-in. ID inner casing with 0.125-in. wall thickness inside an 8-in. ID outer casing
with 0.5-in. wall thickness. The inner casing is thicker at casing joints, where wall thickness is 0.406 in.
Casing joints are approximately 1 ft long overall and occur at 10-ft intervals.

Logging Equipment Information:

ing 8 : Gamma 1E Type: _70% HPGe (34-1P40587A
Calibration Date: 07/2003 __ Calibration Reference: _GJO-2003-486-TAR

Logging Procedure: MAC-HGLP 1.6.5, Rev. 0

Log Run 1 2/Repeat 3
Date 8/07/03 8/08/03 8/08/03
Logging Engineer Spatz Spatz Spatz
| Start Depth (f1) 319.0 147.0 114.0
Finish Depth (ft) 115.0 115.0 0
Count Time (sec) 100 100 100
Page 1




| Log Run 1 2/Repeat 3
Live/Real R R R
Shield (Y/N) N N N
MSA Interval (ft) 1.0 1.0 1.0
ft/min n/a’ " n/a n/a
Pre-Verification AEO013CAB AE014CAB AEO014CAB
Start File AE013000 AE014000 AE014033
Finish File AE013204 AE014032 AE014147
Post-Verification AEO013CAA AE014CAA AEO014CAA
Depth Return
Error (in.) 2.5 wa -l
Comments No fine-gain No fine-gain Fine-gain

adjustment. adjustment. adjustment
afier files -101
and -116.

Logging Operation Notes:
Zero reference was the ground surface, and the borehole was logged through drill pipe.
SGLS data were collected using Gamma LE. Pre- and post-survey verification measurements employed the

Amersham KUT (*%K, 2*U, and **Th) verifier with serial number 118. Logging was performed with a
centralizer installed on the sonde.

Analysis Notes:

[ Analyst: [ Sobczyk | Date: | 8/14/03 | Reference: [ GJO-HGLP 1.6.3, Rev.0 |

SGLS pre-run and post-run verification spectra were collected at the beginning and end of the day and
compared to the control limits. All of the verification spectra were within the control limits, except for
spectrum AE013CAB. This spectrum was slightly above the upper control limit for the 609-keV peak
counts per second (cps) value. The peak counts per second at the 609-keV, 1461-keV, and 2615-keV
photopeaks on the post-run verification spectra as compared to the pre-run verification spectra for each day
were between 0.5 percent higher and 7.0 percent lower at the end of the day. Examinations of spectra
indicate that the detector functioned normally during all of the logging runs, and the spectra are accepted.

Log spectra were processed in batch mode using APTEC SUPERVISOR to identify individual energy
peaks and determine count rates. The pre-run verification spectrum was used to determine the energy and
resolution calibration for processing the data using APTEC SUPERVISOR. Concentrations were calculated
in EXCEL (source file: G1EJul03.xls). Zero reference was the ground surface. Based on measurements
supplied by the logging engineer, the casing configuration was assumed to be a string of 6-in. and 8-in.
casings to 319 ft. The casing correction factor was calculated using a combined casing thickness of 5/8 in.
This casing thickness is based upon the field measurements. The combined thickness at casing joints is
1.115 in. This thickness results in a significant reduction in gamma activity detection as the detector passes
by a casing joint. However, it is not practical to correct individual data points for the effect of casing joints
every 10.0 fi. The influence of the thick joints is apparent on the total gamma and *°K logs where reduced
count rates and concentrations are exhibited at approximately 10-ft depth intervals. Water corrections were
applied to the data below 273 ft. SGLS dead time corrections were not applied because dead time did not
exceed 10 percent.

Log Plot Notes:

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

Results and Interpretations:

13Cs was the only man-made radionuclide detected in this borehole. '*’Cs was detected near the ground
surface at 2 ft and in the interval from 11 through 13 ft at concentrations ranging from the MDL (0.3 pCi/g)
to 0.6 pCi/g. The maximum concentration of *’Cs was measured at 12 fi. '*'Cs was also detected at log

depths of 65, 130, and 218 ft with concentrations near the MDL.

Logging through the drill pipe used in the construction of this borehole precludes the acquisition of SGLS
spectra that consistently have statistically valid photopeaks. The relatively thick casing joints effectively
shield the detector from the formation over a 3.0-ft zone at 10.0-fi intervals. Energy levels below 1461 keV
are severely attenuated by the drill pipe.

The plots of the repeat logs demonstrate reasonable repeatability of the SGLS. The natural radionuclides at
energy levels of 609, 1461, 1764, and 2614 keV are comparable between the repeat and original SGLS log
runs. *’Cs encountered at 130 ft on the original log run did not repeat.

' GWL - groundwater level
2TOC - top of casing

* N/A - not available

* n/a — not applicable
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Gyroscope Data Table for Well 299-E27-22
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2S 2.85 0 0.15 | 157 293 306 2S 0 0 0 0 0 0
3S | 342 | 20 0.06 | 310 | 90 302 3S | 305 |004 | 20 0.02 | -0.03 | 05
4S 4.06 | 40 0.64 | 133 | 232 223 4S 244 0.13 40 -0.1 -0.11 3.2
5S | 46 60 1.07 | 36.6 | 258 | 221 5S | 229 | 042 60 -03 | -031 |21
6S 5.16 | 80 144 | 18.7 | 244 216 6S 223 0.85 79.99 -0.6 -0.58 19
7S | 575 | 100 | 212 | 63 291 | 214 | 7S | 220 | 147 99.98 |-11 | -094 |34
8S 6.26 | 120 2.8 96.3 | 330 208 8S 216 2.32 | 119.96 -1.9 -1.37 3.6
9S | 6.93 | 140 |351 |113 |09 194 9S | 211 |338 | 13993 |-29 |-175 |5.2
10S | 7.83 | 160 449 | 144 38.1 | 188 10S | 205 471 | 159.89 -4.3 -2 54
11S | 832 | 180 | 542 | 225 | 123 | 184 |11S |200 |6.37 |17981 | -6 -2.16 | 49
12S | 8.86 | 200 6.19 | 309 211 179 12S | 196 8.31 | 199.71 -8 -2.22 4.5
13S | 937 | 220 | 731 | 352 |25 | 177 |13S |192 | 106 | 21957 | -10 -2.14 |58
14S | 9.89 | 240 737 | 104 | 276 177 14S | 189 13.1 | 2394 -13 -2 0.5
15S | 11.2 | 257 8.4 57.3 | 316 183 15S | 188 15.4 | 256.24 -15 -1.99 7.8
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Gyroscope Data Table for Well 299-E27-4
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2S 2.46 0 0.15 | 357 | 338 | 270 |2S 0 0 0 0 0 0
3S 3.25 20 0.16 | 335 | 331 | 255 [3S 263 0.06 20 -0 -0.05 0.2
4S 4.02 40 0.5 359 52 199 (4S 229 0.15 40 -0.1 -0.11 2.2
5S 4,72 60 1 342 52 182 |5S 202 0.38 60 -0.4 -0.14 2.7
6S 5.31 80 148 | 349 64 177 |6S 190 0.8 79.99 -0.8 -0.13 2.4
7S 5.8 100 238 | 21.7 | 105 | 168 [7S 181 1.45 99.98 -1.5 -0.04 4.7
8S 6.39 | 120 2.74 64 154 | 162 (8S 175 2.32 | 119.96 -2.3 0.19 2.3
9S 6.98 | 140 447 | 127 | 215 | 165 |9S 171 3.56 | 139.92 -3.5 0.54 8.7
10S | 7.57 | 160 456 | 167 | 257 162 (10S 169 5.13 | 159.86 -5 0.99 1.3
11S | 811 | 180 6.37 | 219 | 310 | 161 (11S 167 7.02 | 179.77 -6.8 1.6 9.1
12S | 8.67 | 200 6.87 | 238 | 331 160 (12S 165 9.31 | 199.63 -9 2.38 2.7
13S | 9.13 | 220 7.8 247 | 345 | 154 |13S 163 [11.8 219.47 -11 3.39 5.7
14S | 9.72 | 240 8.53 | 271 10 154 (14 S 162 |14.7 239.27 -14 4.64 3.7
15S |10.3 260 9.17 | 284 | 269 | 150 (15S 160 |[17.7 259.03 -17 6.11 4.4
16 S [10.9 280 9.83 | 280 | 25.3 | 148 |16S 158 |[20.9 278.76 -19 7.82 3.6
17S |12.7 297 |10.1 274 | 183 | 149 |17S 157 (239 295.5 -22 9.37 1.9
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Gyroscope Data Table for Well 299-E27-21
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55 |51 | 60 | 204 | 242 | 112 | 273 [55S 258 | 138 [59.98 | -0.3 |-135 | 3.2
6S |577 | 80 | 313 | 242 | 109 | 276 [6S 265 | 226 | 79.96 | -0.2 | -225 |55
7S |639 | 100 | 3.34 | 292 | 165 | 270 [7S 268 | 338 [99.93 | -0.2 [ -338 | 1.9
8S |[7.05 | 120 | 412 | 303 | 175 | 271 [8S 268 | 468 [119.89 | -0.1 | -468 | 3.9
9s |78 | 140 | 49 | 304 | 178 | 269 [9S 269 | 6.25 [139.83 | -0.1 | -6.25 | 4
10S 841 | 160 | 501 | 312 | 190 | 264 [10S | 268 | 7.98 [169.75 | -0.3 | -7.97 | 2.2
11S |[913 | 180 | 541 | 56.4 | 295 | 263 [11S | 267 | 9.79 [179.67 | -05 | 978 | 2
12S [105 | 200 | 6.02 | 150 | 36 | 256 |12S | 266 | 11.8 [199.57 | -0.8 [-11.73 | 4.8
13S [11.2 | 220 | 639 | 184 | 782 | 248 [13S | 264 | 13.9 [219.45 | -15 [-13.79 | 4.6
14S [11.9 | 240 | 625 | 209 | 108 | 244 [14S | 261 | 16 |[239.33 | -2.4 [-158 | 2.6
15S [12.6 | 260 | 6.48 | 267 | 173 | 237 [15S | 259 | 18.1 [259.21 | -35 [-17.72 | 4.1
16S 136 | 280 | 5.88 | 39.8 | 306 | 236 [16S | 257 | 20.1 [279.09 [ -4.7 [-19.51 | 3
17S 162 | 298 | 582 | 938 | 65 | 230 [17S | 255 | 21.7 [296.5 | -5.8 [-20.93 | 3.8
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Gyroscope Data Table for Well 299-E27-23
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2S 2.48 0 0.09 | 328 | 342 | 315 (2S 0 0 0 0 0 0
3S 3.07 | 20 0.18 | 279 | 141 | 106 |3S 829 | 0.02 | 20 0 0.02 1.3
4S 3.79 | 40 056 | 342 | 197 | 113 |4S 107 0.15 | 40 -0 0.14 19
5S 449 | 60 1.85 18 248 | 975 |5S 103 0.57 | 59.99 |-0.1 | 0.55 6.6
6S 5.05 | 80 2.02 | 330 | 216 | 824 |6S 95.6 123 | 79.98 |-0.1 1.22 2.7
7S 569 | 100 | 2.36 | 25.1 | 285 | 684 |7S 87.7 | 1.96 | 99.97 |0.08 | 1.96 3.2
8S 6.21 | 120 | 2.28 | 628 | 338 | 52.6 [8S 799 | 27 |119.95 |0.47 | 2.66 3.2
9S 6.69 | 140 | 1.11 | 115 | 524 | 30.8 |9S 74 3.19 |139.94 |0.88 | 3.07 6.6
10S 7.23 | 160 | 0.06 190 90 68.2 |10S |71.7 3.35 |159.94 (1.05 | 3.18 5.3
11S 7.77 | 180 | 0.68 | 251 90 129 (11S |73.4 | 3.42 [179.94 |0.98 | 3.28 3.3
12S 834|200 | 1.75 | 338 | 171 | 135 |12S |79.1 3.65 [199.94 (0.69 | 3.59 5.4
13S 882|220 | 2.64 | 136 | 345 | 120 |13S [86.7 | 4.21 |219.92 [0.24 | 4.2 5.3
14 S 9.36 | 240 | 2.87 189 | 624 | 948 [14S 903 | 5.1 |239.9 |-0 5.1 6.1
15S |10.1 260 | 2.86 | 338 | 225 | 80.5 |15S [89.9 | 6.09 |259.88 [0.01 | 6.09 3.6
16S |10.8 280 3.1 355 | 287 | 76.7 |16 S |88.3 | 7.11 |279.85 (0.22 | 7.11 1.6
17S |11.7 300 | 3.64 | 337 | 226 | 79.6 |17S |86.8 | 8.27 |299.81 [0.46 | 8.26 2.8
18S |134 301 | 3.49 199 | 859 | 81.2 [18S |86.8 | 83 |300.31 [0.46 | 829 |35.2
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The following letter report presents test descriptions and analysis results for multi-stress slug tests
that were performed at four specific test/depth intervals within well 299-E27-22. The well is
located within Waste Management Area SST C (WMA-C). The tests were performed at four,
selected test/depth intervals, as the borehole was advanced to its final depth to the top of basalt at
81.7 m below ground surface (bgs). The primary objective of the hydrologic tests was to provide
information pertaining to the variability and vertical distribution of hydraulic conductivity with
depth within this region of the WMA-C facility. This type of characterization information is
important for predicting/simulating contaminant migration (i.e., numerical flow/transport
modeling) and designing proper monitor well strategies for WMA locations. A secondary objective
of the program was to evaluate whether acceptable test results could be obtained via the “drill-and-
test” method, using the Becker, dual-wall casing, air-percussion, hammer drilling method within
anticipated highly permeable test formation conditions. With this respect, a number of slug testing
methods and equipment deployments were evaluated for maximizing the quality of the test results
obtained. Based on the results of this initial test evaluation, recommendations are also provided in
this letter report for improving future, vertical characterization efforts employing the “drill-and-test”
technique.

Discrete depth/interval groundwater samples were also obtained periodically during drilling (from
cutting slurry returns) for the purpose of qualitatively determining the hydrochemical characteristics
and vertical distribution of contaminants at this site. Results from the hydrochemical sampling are
not presented in this letter report.

1.  Executive Summary

Overall, the test results indicate that slug testing can be utilized rapidly and efficiently with a dual-
wall, drill casing system to provide high-quality, vertically distributed hydraulic property
characterization information. Slug test characterization of four test/depth intervals (Table 1) within
the Hanford formation were attempted during the drilling of well 299-E27-22, to final depth to the
top of basalt (81.7 m bgs). Three of the four test/depth intervals ranging in thickness from 0.3 to
1.1 m, were successfully characterized using the slug test method, providing hydraulic conductivity
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estimates for these discrete Hanford formation test zones ranging from 0.04 to 6.9E3 m/day. The
estimated hydraulic conductivity values obtained for the higher permeability test zones are well
within the permeability range of 1.0E3 to 5.0E5 m/day assigned to the Hanford formation in this
general area, based on site-wide groundwater flow, inverse calibration modeling (e.g., Wurstner et al.
1995)). Generally such highly permeable formations cannot be characterized using short-duration
constant-rate pumping tests. The use of designed slug test characterization programs, where the test
interval length (L) and well casing radius (r.) can be manipulated offers significant promise for the
characterization of highly permeable test formations. When combined with drill-and-test borehole
programs, the opportunity of determining the vertical distribution of hydraulic conductivity can also
be realized.

2. General Hydrologic Test Plan Description

The original hydrologic test plan, as presented in Spane (2003), identified six test/depth intervals
that would be characterized at approximate depths below the water table of: 3, 4.5, 6, 12, 18, and
24 m. Testing would commence when the approximate target depth intervals were reached during
drilling, and the drilling casing string was retracted exposing an approximate 1.5-m open borehole
section. Minor test interval development was identified in the plan to be performed prior to testing
for the purpose of removing drilling produced suspended materials from the borehole fluid-column
to minimize the effects of borehole/test interval plugging during testing. The interval development
was to be completed using either bailing, air-lifting or portable submersible pump methods.

Atter the borehole development activities were completed, the drilling casing string would be
retracted ~1.5 m, and the borehole depth measured. The purpose of the borehole depth
measurement was to assess the amount of borehole collapse and to determine the open borehole
test interval. A series of multi-stress slug tests would then be performed on the open test interval
section. The reason for utilizing a multi-stress slug test approach is to determine whether the slug
test response exhibits either variable or stress-level dependence. As noted in Butler (1998) and
Spane et al. (2003a), tests exhibiting either variable or stress-level dependence can provide valuable
information pertaining to presence of dynamic well skin or non-linear (i.e., turbulence) test response
conditions occurring within the test section. Anticipated slug test stress levels applied during testing
were expected to be within the range of ~0.3 to 0.5 m for low-stress tests and ~1 m for high-stress
tests. The slug tests were to be initiated pneumatically using compressed gas to depress the fluid-
column levels to the designed test stress levels. Actual stress levels applied for each test were to be
determined by comparing pressure transducer readings below and above the borehole fluid column
surface. After the monitored fluid column had stabilized for several minutes at the prescribed stress
level, the slug test (slug withdrawal test) would be initiated by suddenly releasing the compressed gas
used to depress the borehole fluid-column level. The compressed gas would be released from the
borehole column by opening valves (e.g., ball valves) mounted on the surface wellhead used to seal
the casing system. As noted in Spane et al. (1996), the gas release valves should have a cross-
sectional area that is greater (e.g. >1.5 times) than the cross-sectional area of the test system where
fluid level surface is recovering during testing.

As a minimum, two low- and two high-stress tests were recommended to be conducted for each
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test/depth interval. Individual slug tests should be fully recovered prior to depressing the fluid
column for preparation of the next slug test within the characterization sequence. A wide-range in
recovery times were expected based on anticipated range in permeability conditions. For example
Spane (2003) predicted recovery times as rapid as <10 secs for high permeability test intervals to >5
min for lower permeability test sections. After slug testing activities were completed, the borehole
depth would be re-measured for the purpose of determining any changes to the open borehole
interval that may have occurred during testing.

A number of changes to the original test plan had to be made due to unforeseen test/site conditions.
These included:

e ashallower depth to the top of basalt
e high instability of the open borehole test intervals
e changes to the general test system utilized

The top of basalt was encountered at a shallower depth than originally anticipated, which reduced
the total number of intervals tested from the planned six to an actual four. The high instability of
the test formation (i.e., Hanford formation) also caused several changes in the planned testing
design. The exposed open borehole test interval produced by retracting the dual-wall casing system
was reduced from 1.5 m to ~0.6 m and planned borehole development activities prior to testing
were eliminated. The most significant departure from the planned testing design, however, pertains
to changes in the downhole test system employed. These changes are discussed in the following
report section.

3.  Hydrologic Test System Description

Figure 1 shows the general test system configuration that was originally designed to be employed
during slug testing. Salient features of the test system configuration are the: dual-wall drilling casing
string, a central packer within the inner-casing string, and a surface-seal well-head installation.

The dual-wall, drilling casing string is the system used for borehole advancement during the drilling
process. The dimensions of the casing string are reported as:

¢ Inner Casing: 0.1524-m 1.D.; 0.1588-m. O.D.
e OQuter Casing: 0.2032-m L.D.; 0.2286-m O.D.

As shown in the figure, an inflatable packer was to be used to isolate/seal the inner casing string
from the annular zone between the two casings, where slug test response was originally planned to
be initiated and to take place. A 1.5 m well-screen section (not shown in the figure) was also
designed to be attached below the packer to maintain an open section for testing after retracting the
dual-wall casing. A strain-gauge, 0 to 345 kPa (0 to 35 m) pressure transducer was to be mounted
above the packer, with a pressure sensor by-pass tube that connected to the pressure transducer to
the test zone below the packer.

D.3



J.V. Borghese
September 30, 2003
Page 4

These casing dimensions indicate a composite cross-sectional area for the annular space between the
two casing strings (which is the location where the slug test responses was design originally to occur)
of 0.013 m”. This calculated cross-sectional area is equivalent to a 0.127-m representative test well
casing diameter.

As noted in Section 2, the slug tests were originally designed to be conducted pneumatically, using
compressed air to depress fluid levels within the borehole as part of initiating the test. The
performance of pneumatic slug tests requires that a surface wellhead (not identified in Figure 1) be
utilized to isolate/seal the annular cross-sectional area between the two casing strings. This wellhead
isolation of the two casing strings allows containment of the administered compressed gas that will
be used to pneumatically depress the annular fluid column to the designed slug test stress levels
discussed in Section 2. Salient features of the well-head assembly include:

e an annular surface seal between the dual casing string

e asealed through-pass connection allowing for passage of pressure
transducer and cable to be used to measure pressure response below
the inner-casing packer

e an outside pressure probe connection that allows direct measurement
of the gas pressure within the annular area below the surface seal

e agas line connection to allow compressed air to be introduced
directly to the annular zone

® surface valves for the rapid/immediate release of the compressed air
within the annular zone, which allows for the iwmediate initiation of
slug test application.

The preceding discussion describes the test system as originally designed for use during drilling of
the well. At a field-site meeting to examine assembled equipment to be utilized during testing
approximately 1-week prior to the commencement of well drilling activities at the site, however, it
was discovered that a significant flow restriction existed within the percussion bit assembly (i.e.,
~1/10 the calculated cross-sectional annular zone area; 0.0013 m” vs. 0.013 m?). It was decided that
the test system as originally designed would be utilized on the first test/depth interval (Zone 1;
Table 1), and if the system proved to be not completely successful, modifications to the test system
would be made for subsequent test/depth intervals. In addition (as noted in Section 2), a number of
unforeseen test/site conditions (e.g., borehole instability) were encountered during slug test
characterization activities that were attempted for the first test/depth interval. Results obtained
during the testing of Zone 1 and initial testing phases of Zone 2 indicated that the flow-restriction
area within the bit was being clogged by infilling/collapsing borehole material, which significantly
reduced the hydraulic communication between the casing annular zone and the underlying, effected
test depth interval (produced by the retracted dual-wall drill casing). As a result, a number of test
equipment and test performance modifications were examined during slug testing of the second
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test/depth interval (Zone 2; Section 5.2). Based on these test results, the test equipment and test
procedures for slug testing were modified for characterizing subsequent test/depth intervals. The
modifications included:

e removal of the surface wellhead seal that isolated the inner casing
area from the annular zone between the dual-wall casing string

e removal of the packer/screen assembly from the inner casing during
testing

¢ slug tests were conducted both pneumatically and with slugging rods

The removal of the surface wellhead seal was needed to change the primary test response location
from the dual-wall casing outer annular zone, to the area monitored by the inside casing string (i.e.,
LD. = 0.1524 m). This modification required test stresses to be applied directly to the inner casing
string. This change in test response area was necessitated due to results obtained during testing of
Zones 1 and 2 that indicated that the annular zone (the zone of active testing) was not in
communication with the underling test/depth interval that was created by retracting the dual-wall
casing string. As previously discussed, the lack of communication between the casing outer annular
zone and the underlying test/depth interval appears to have been the result of borehole instability
and the clogging of the small entry port openings in the percussion bit assembly that provide fluid
access at the base of the dual-wall casing, annular zone.

To produce analyzable slug test response data within the inner casing string area, the smaller LD.
working string used to deploy the packer/well screen assembly (Figure 1) could not be used. This
allowed test responses to be monitored within the larger inner casing string, which is important for
characterizing high-permeability test formations. Not using a packer/well-screen system, however,
increases the uncertainty of the actual depth interval tested, due to borehole collapse/instability.

Slug testing for Zones 2 through 4 were conducted both pneumatically and using a slugging rod
(0.0762 m O.D.), which theoretically produces a maximum initial displacement stress of 0.51 m
within the 0.1524 m L.D. inner casing. Using both test methods provides a means of comparing
results obtained for tests, where the initial test stress was applied solely within the inner casing (i.e.,
using the slugging rod) and when the inner casing and outer annular zone were stressed concurrently
(1.e., during pneumatic tests).

4. Slug Test Response Predictions/Analysis

As shown in Figure 2 and discussed in Butler (1998) and Spane et al. (2003b), water levels within a
stress well can respond in one of three ways to the instantaneously applied stress of a slug test.
These response model patterns are: 1) an over-damped response, where the water levels recovers in
an exponentially decreasing recovery pattern; 2) an underdamped response, where the slug test
response oscillates above and below the initial static, with decreasing peak amplitudes with time; and
3) critically damped, where the slug test behavior exhibits characteristics that are transitional to the
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over- and under-damped response patterns. Factors that control the type of slug test response
model that will be expressed within a well include a number of aquifer properties (hydraulic
conductivity) and well dimension characteristics (well-screen length, well-casing radius, well-radius,
aquifer thickness, fluid-column length) and can be expressed by the response damping parameter,
Cp, which Butler (1998) reports for unconfined aquifer tests as:

Cp = (g/L)"*rIn (R/r,)/(2K L) )

acceleration due to gravity

]

where g

&
I

effective well water-column length

r. = well casing radius; i.e., radius of well water-column that is active during testing

effective test radius parameter; as defined by Bouwer and Rice (1976)

P
Il

r, = well radius
K = hydraulic conductivity of test interval
L = well-screen length.

Given the multitude of possible combinations of aquifer properties, well casing dimensions, and test
interval lengths, no universal Cy, value ranges can be provided that describe slug test response
conditions. However, for various combinations anticipated for testing at well 299-E27-22 during
drilling the following general guidelines on slug test response prediction are provided:

C >2 = over-damped response
. Cp 1-2 = critically-damped response
. Cp, <1 = under-damped response

Over-damped test response generally occurs within stress wells monitoring test formations of low to
moderately high hydraulic conductivity (e.g, Ringold Formation), and are indicative of test
conditions where frictional forces (i.e., resistance of groundwater flow from the test interval to the

well) are predominant over test system inertial forces.

Under-damped test response patterns are exhibited within stress wells where inertial forces are
predominant over formation frictional forces. This commonly occurs in wells with extremely long
well fluid columns (i.e., large water mass within the well column) and/or that penetrate highly
permeable aquifers (e.g,, Hanford formation). Tests exhibiting under-damped behavior should be
conducted with very small stress level applications. If too high of a stress is applied, the slug test
response will commonly exhibit oscillatory behavior superimposed on an over- or critically damped
recovery response. Methods are currently not available for the analysis of slug tests exhibiting this
type of composite slug test response. For test sites exhibiting composite oscillatory behavior, the
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tests should be re-run at lower stress levels to allow analysis and quantitative hydraulic property
determination using the appropriate, individual, analysis model method (under-, over-, or critically

damped).

As mentioned previously, critically damped test responses are indicated by stress well water-level
responses that are transitional to the over- and under-damped test conditions, as shown in Figure 2.
They typically occur in wells that monitor test formations exhibiting high hydraulic conductivity. As
noted in Butler (1998), distinguishing between over- and critically damped slug test response may be
difficult in some cases (i.e., due to test signal noise) when examined on arithmetic plots. Proper
model identification may be enhanced when semi-log plots are utilized, i.e., log head versus time.
Critically damped slug tests exhibit a diagnostic concave-downward pattern when plotted in semi-log
plot format. This is in contrast to over-damped response behavior, which displays either a linear or
concave upward pattern.

High permeability test sites exhibiting over-damped or composite model response behavior are
particularly limiting in the ability to define formations exhibiting higher hydraulic property values.
Figure 3 shows predicted slug test responses for hydraulic conductivities ranging between 1 and 100
m/d, fora 1.5m test interval. It should be noted that the test predictions shown in this section are
based on responses occurring within the dual-wall annular zone (i.e., cross-sectional area = 0.013 m”.
These results would be similar, however, for test responses occurring within the inner casing (I.D. =
0.1524 m), due to its similar cross-sectional area of 0.018 m>. As shown in Figure 3, test intervals
having hydraulic conductivity values of approximately 100 m/d or less, should be readily resolved
for tests exhibiting over-damped slug test behavior. Under ideal test conditions (i.e., for test not
exhibiting complicating early-time transient effects), this permeability characterization limit may be
extended up to ~150 m/d.

Because the annular zone cross-sectional area between the dual casing string (i.e., where the test
response will occur) is relatively large (0.013 m?), under-damped (oscillatory) test responses will not
occur except under high hydraulic conductivity conditions. Since this type of test response is
dependent on the fluid-column length (i.e., the inertial/mass effect), it is not possible to develop test
prediction plots that are universally applicable for all test interval depths. Based on preliminary
scoping calculations (not shown), however, under-damped slug test responses are likely to be
exhibited during testing only when test interval permeabilities exceed 500 to 1,000 m/d (based on
the test interval depth).

Methods that can be employed for analyzing unconfined aquifer tests exhibiting high permeability
under-, over- or critically damped characteristics include techniques described in Springer and
Gelhar (1991), Butler (1998), McElwee and Zenner (1998), Butler and Garnett (2000), Zurbuchen et
al. (2002), and Butler et al. (2003). Because of the ease provided by a spreadsheet-based approach,
the test analysis method presented in Butler and Garnett (2000) was used for the analysis of all tests,
which exhibited high permeability/oscillatory response characteristics. For tests exhibiting
intermediate to low permeability response characteristics, the unconfined aquifer analysis methods
discussed in Butler (1998) can be employed. A summary and examples of their use under Hanford
Site conditions is provided in Spane et al. (2003a).
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5.  Slug Test Results

The following discussion presents pertinent information describing slug testing activities and analysis
results for the four test/depth intervals that were hydrologically characterized, as the borehole was
advanced to its final depth to the top of basalt (i.e., 81.7 m bgs). Table 1 summarizes selected test
information for the four test/depth intervals.

5.1 Zone 1

At ~0900 hours Pacific Daylight Time (PDT) on September 3, 2003, after reaching a depth of 73.9
m bgs, the dual-wall drill casing was pulled-back (retracted) 0.9 m, producing a theoretical test/depth
interval for Zone 1 of 73.0 to 73.9 m bgs. The packer was set at a depth of 72.2 m bgs inside the
inner casing string, with the bottom of the attached well-screen assembly set at a depth of 73.8 m
bgs. Four pneumatic slug tests (Tests #1 - #4) were conducted between 1200 and 1255 hours, by
pressurizing the dual-wall drill casing annular zone using applied stress pressures ranging between
0.50 and 1.0 m for individual tests. No downhole test responses were observed during the
application or upon release of the applied compressed gas used to initiate the pneumatic slug tests.
Infilling of sand within the packer/well screen assembly and clogging of the restricted entry ports
within the percussion air-hammer bit (located at the base of the dual-wall drill casing annular zone)
were suspected to have contributed to the unsuccessful hydraulic characterization of this test/depth
interval. Although the test characterization results obtained for Zone 1 proved to be unsuccessful, it
was decided that the same test system setup and procedure would be used initially for characterizing
the next test/depth interval (Zone 2).

5.2 Zone?2

After reaching a depth of 76.2 m bgs at 0800 hours PDT on September 4, 2003, the dual-wall casing
was retracted 0.6 m, producing a theoretical test/depth interval for Zone 2 of 75.6 to 76.2 m bgs.
The packer was set at a depth of approximately 76.2 m bgs inside the inner casing string, with the
bottom of the attached well-screen assembly set at a depth of 73.8 m bgs. Five pneumatic slug tests
(Tests #5 - #9) were conducted between 0819 and 0942 hours, by pressurizing the dual-wall drill
casing annular zone using applied stress pressures ranging between 0.27 and 1.7 m for individual
tests. This was the same test procedure as utilized during testing Zone 1. As was exhibited during
testing of Zone 1, no downhole test responses were observed during the application or upon release
of the applied compressed gas used to initiate the pneumatic slug tests. This lack of annular zone
test response was again attributed to infilling of sand within the packer/well screen assembly and
clogging of the restricted entry ports within the percussion air-hammer bit (located at the base of the
dual-wall drill casing annular zone). These combined factors were suspected to have contributed to
the unsuccessful hydraulic characterization using this test system design.

Based on the unsuccessful test characterization results obtained previously for Zone 1 (tests #1 -

#4) and the initial characterization results for Zone 2 (tests #5 - #9), the test equipment and testing
procedure were modified for subsequent hydraulic characterization efforts (Note: these
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modifications are discussed in Section 3). To initiate characterization of Zone 2 using the modified
test system/procedures, the packer/well-screen assembly was removed from the inner casing at
0950 hours PDT, and the borehole re-advanced to a depth of 75.9 m bgs and the dual-wall casing
retracted 0.8 m, producing a theoretical test/depth interval of 75.1 to 75.9 m bgs for subsequent
characterization testing of Zone 2. Two standard slug withdrawal tests (Tests #10 - #11) were
conducted between 1053 and 1059 hours, PDT by rapidly removing a previously submerged
shugging rod (0.0762 m O.D.), which theoretically produced a maximum initial displacement stress
of 0.51 m within the 0.1524 m LD. inner casing. Well responses within the inner casing were
monitored with a pressure transducer system, which was suspended (in the inner casing)
approximately 3.3 m below the static water level. Both slug withdrawal tests produced identical
oscillatory test responses, with oscillation periods of approximately 5 secs. Oscillatory test response
recovered to static conditions after approximately 40 secs after slug withdrawal initiation.

Figure 4 shows the oscillatory response for test #10 and associated analysis solution match using the
high permeability underdamped method as described in Butler and Garnett (2000) and Butler et al.
(2003). As shown, a good solution match was obtained using a response dampening parameter, C,
value of 0.2. Test analysis results for tests #10 and #11 produced nearly identical analysis parameter
results, with hydraulic conductivity estimate values ranging between 1.9E3 and 2.1E3 m/day, for the
two tests. It should be noted that the test interval length utilized in the analysis was based on a test
interval of 1.1 m, which is reflective of the total depth disturbed by drilling and the open interval
exposed by the retracted dual-wall casing.

After slug withdrawal test #11 was conducted using a slugging rod, modified pneumatic tests (tests
#12 and #13) were attempted by resetting the packer/well-screen assembly (bottom set at 75.9 m
bgs) back within the inner casing. The pneumatic slug tests were conducted for these tests by
pressurizing the small-diameter (I.D. = 0.0254 m) working string used to set the packer, with
pressure response monitored immediately below the packer within the test interval section. Tests
#12 and #13 were conducted between 1223 and 1233 hours, using applied stress pressures ranging
between 1.4 and 2.3 m for individual tests, and then rapidly releasing the introduced compressed air
within the small-diameter working string. These pneumatic slug tests were not successful for several
technical reasons. First, oscillatory test response characteristics are directly related to the square of
the casing radius, r,, where the oscillatory response takes place as noted in Butler and Garnett
(2000). Reducing the casing diameter from 0.1524 m where oscillatory response characteristics were
displayed during tests #10 and #11, to 0.0254 m during tests #12 and #13 causes the oscillatory
behavior to be theoretically compressed (by a factor of 36!) producing turbulent, non-analyzable
responses. Secondly, as noted in Butler et al., (2003) for high-permeability, under-damped tests, the
test response should be monitored in proximity to the oscillating surface. For these tests, the
pressure response should have been monitored within the 0.0254 tubing, which was not possible
due to the O.D. size constraints of the pressure transducers available for this test borehole
characterization.

Following completion of test #13, another slug test method was evaluated for possible further
characterization use. For test #14, ~19 liters of water were added to the annular zone between the
inner casing (0.1524 m) and the 0.0254 m packer working string. To initiate the test, the packer was
detlated with the objective of rapidly producing a slug injection oscillatory test response within this
inner annular zone, which would be produced by the column of added water above the packer. This
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test proved to be unsuccessful, due to the slow and gradual deflation characteristics exhibited by the
packer (i.e., > 30 seconds). Because of the response information observed for these tests, pneumatic
slug tests using the small-diameter packer working string (e.g;, tests #12 and #13) and slug injection
tests using packer deflation were not utilized further in characterizing subsequent test/depth
intervals.

53 Zone3

After reaching a depth of 77.4 m bgs at 1440 hours PDT on September 4, 2003, the dual-wall casing
was retracted 0.6 m, producing a theoretical test/depth interval for Zone 3 of 76.8 to 77.4 m bgs.
No inner casing packer/well-screen assembly was utilized for test characterization of Zone 3. A
series of four slug tests (Tests #15 - #18) were conducted between 1530 and 1620 hours, PDT by
either rapidly removing a previously submerged slugging rod (i.e., slug withdrawal test), or rapidly
submerging the slugging rod (i.e., slug injection test). The test responses within the inner casing
were monitored with a pressure transducer system, which was suspended (in the inner casing)
approximately 3.3 m below the static water level. In all cases, the slug tests exhibited slow over-
damped recovery response behavior. Since the recovery times for these tests were extremely slow,
consecutive slug injection/withdrawal tests were combined and analyzed compositely using a test
history match approach. This approach is particularly useful when analysis of individual tests may
be uncertain (i.e., due to only small recovery %), and relies on superimposing the predicted test
responses of subsequent tests responses, which can be used to match the entire composite test
sequence (test history match).

Figure 5 shows the observed well response for the two slug injection tests and two slug withdrawal
tests using the 0.0762 m O.D. slugging rod. Also shown in the figure, is the predicted test history
match for the four tests, which was produced by superimposing the four individual slug tests at their
appropriate time of test initiation. An increasing water-level trend of +0.0008 m/min was observed
over the test period and included in the test history match. As indicated, a hydraulic conductivity,
K, of 0.04 m/day provides a good match to the observed test response sequence. To demonstrate
the sensitivity of the analytical solution, Figure 6 shows the predicted history match using K values
of 0.04, 0.4 and 4 m/day. As indicated, significant departures in the test history matches of the
observed test responses are produced with higher K values. This suggests that the interval tested
exhibits a K value of <0.04 m/day. It is not completely certain whether the relatively low hydraulic
conductivity indicated for Zone 3 is actually representative of in-situ formation conditions or an
artifact of the drilling process or borehole instability. Depth measurements made prior to and after
completion of the slug testing sequence, however, indicated that the 0.6 m test/depth interval
remained opened during characterization testing.

A series of three pneumatic slug withdrawal tests (tests #19 - #21) were also conducted between
0722 and 0750 hours, PDT on September 5, 2003. The pneumatic slug tests were conducted by
pressurizing the inner-casing (I.D. = 0.1524 m) and the outside annular zone (at the same time)
between the dual-wall casing. Both casing areas were pressurized to minimize any non-formational
test system effects caused by the outer annular zone being hydraulically connected to the underlying
test/depth interval. All pneumatic tests used applied stress (compressed gas) pressures ranging
between 0.9 and 1.0 m for individual tests, which was then rapidly released using the wellhead
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surface release valves. The pneumatic slug test responses were examined compositely like the
slugging rod tests #15 - #18. These tests produced very similar results (i.e., in comparison to the
composite slugging rod tests), but are not included in the final test analysis results for this test zone,
due to pressure variability exhibited during the pressurization phase.

54 Zone4

After reaching the top of basalt at a depth of 81.7 m bgs at 0915 hours PDT on September 5, 2003,
the dual-wall casing was retracted 0.3 m, producing a theoretical test/depth interval for Zone 4 of
81.4 to 81.7 m bgs. As for the proceeding testing for Zone 3, no inner casing packer/well-screen
assembly was utilized for test characterization of Zone 4. Two slug tests were conducted between
1007 and 1015 hours, PDT by rapidly submerging (slug injection test #22) and removing the
previously submerged slugging rod (slug withdrawal test #23), which theorettczlly produces a
maximum initial displacement stress of 0.51 m within the 0.1524 m LD. inner casing. Well
responses within the inner casing were monitored with a pressure transducer system, which was
suspended (in the inner casing) approximately 3.3 m below the static water level. Both slug
withdrawal tests produced identical oscillatory test responses, with oscillation periods of
approximately 7 secs. Oscillatory test response recovered to static conditions after approximately 70
secs after slug test initiation.

Figure 7 shows the oscillatory response for slug withdrawal test #23 and pertinent analysis solution
match using the high permeability underdamped method as described in Butler and Garnett (2000)
and Butler et al. (2003). As shown, a good solution match was obtained using a response dampening
parameter, Cp, value of 0.175. Similar test analysis results were obtained for slug injection test #22
(not shown), with hydraulic conductivity estimate values ranging between 6.0E3 and 6.9E3 m/day,
for the two tests. It should be noted that the test interval length utilized in the analysis was based on
a test interval of 0.3 m, which is reflective of the open interval exposed by the retracted dual-wall
casing.

After completion of slug withdrawal test #23, two pneumatic slug withdrawal tests (tests #24 and
#25) were conducted between 1033 and 1107 hours, PDT on September 5, 2003. The pneumatic
slug tests were conducted by pressurizing the inner-casing diameter (I.D. = 0.1524 m) and the
outside annular zone (at the same time) between the dual-wall casing. Both casing areas were
pressurized to minimize any non-formational test system effects caused by the annular zone being
hydraulically connected to the underlying test/depth interval. The pneumatic tests used applied
stress (compressed gas) pressures ranging between 0.4 and 0.8 m for the individual tests, which was
then rapidly released using the wellhead surface release valves. The pneumatic slug tests (#24 and
#25) exhibited similar test results, as were obtained for the slugging-rod slug tests (#22 and #23).
Figure 8 shows the oscillatory response for slug withdrawal test #24, and the associated analysis
solution match using the high permeability underdamped method as described in Butler and Garnett
(2000) and Butler et al. (2003). As shown, a good solution match was obtained using a response
dampening parameter, Cp, value of 0.175. Identical test analysis results were obtained for slug
withdrawal test #25 (not shown), with a hydraulic conductivity estimate value of 6.0E3 m/day,
derived from the two tests.
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6. Conclusions

Overall, general test results indicated that slug testing can be utilized rapidly and efficiently with a
dual-wall, drill casing system to provide high-quality, vertically distributed hydraulic property
characterization information. Results from discrete test/depth interval slug test characterization of
the Hanford formation during construction of well 299-E27-22 indicate a wide range in hydraulic
conductivity (Table 1), with estimates ranging from 0.04 to 6.9E3 m/day. These hydraulic
conductivity estimates were derived for open borehole, test/depth thickness sections ranging from
0.3 to 0.9 m in length, which were calculated based primarily on the length to test formation exposed
by retracting the dual-wall drilling casing upon reaching pre-designated drilling depths. Borehole
instability and the test interval deformation, however, may significantly decrease or increase the test
zone thickness characterized by the slug test methods employed. Because of the dependence of
hydraulic conductivity on actual test interval length, a £50% uncertainty is arbitrarily assigned to the
hydraulic conductivity estimates derived from the slug test characterizations. This relatively high
uncertainty is a function not only of the unstable, open borehole conditions, but also the relatively
small test interval lengths utilized during characterization (i.e., test intervals <1 m).

The high hydraulic conductivity values determined for test zones exhibiting oscillatory, under-
damped slug test behavior (i.e., Zone 2 and Zone 4), demonstrate the ability of the slug testing
method to characterize highly permeable test formations, such as the Hanford formation. The
estimated hydraulic conductivity values (i.e., 1.9E3 to 6.9E3 m/day) obtained for these high
permeability test zones are well within the permeability range of 1.0E3 to 5.0E5 m/day assigned to
the Hanford formation in this general area, based on site-wide groundwater flow, inverse calibration
modeling (e.g., Figure 9). Generally such highly permeable formations cannot be characterized using
short-duration (< 8 hours) constant-rate pumping tests within standard monitoring well facilities.
This 1s primarily due to the extremely small drawdown produced (<0.1 m), which can be attributed
to limitations in pumping capacity (i.e., within 0.1016 m L.D. casing ~100 L/min) and long saturated
well-screen lengths (e.g., 10 m). As discussed in Spane et al. (2003b), the use of designed slug test
characterization programs, however, where the test interval length (L) and well casing radius (r)) can
be manipulated offers significant promise for the characterization of highly permeable test
formations. When combined with drill-and-test borehole programs, the opportunity of determining
the vertical distribution of hydraulic conductivity can also be realized.

Because of the developmental nature of using slug test characterization methods with the Becker,
dual-wall casing, air-percussion, hammer drilling method during the construction of well 299-E27-
22, a number of conclusions were derived that relate to the performance evaluation of various slug
test strategies and equipment systems. These conclusions are included in the following
recommendations section that focuses on improving the drill-and-test slug test characterization
method, when coupled with a dual-wall, drill casing percussion system.
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[

Based on experience derived from evaluating the slug test characterization results obtained during
the construction of well 299-E2-22, a number of slug testing strategy and equipment system desig
recommendations are provided for the improving the performance of drill-and-test characterizati

Recommendations

programs.

1.

Slug test responses should be initiated and monitored within the inner casing string
and not the outer annular zone within the dual-wall drill casing system. This 1s
attributed primarily to the flow entry restriction that occurs within the drill bit that is
connected directly to the base of annular zone. To eliminate any complicating
effects during testing, the annular zone should be isolated from the inner casing area
using a wellhead seal (i.e., when using pneumatic slug tests).

Slug tests initiated pneumatically using compressed air and physically using slugging
rods, both produced high quality characterization information in high-permeability
formations. Pneumatic slug tests provide greater flexibility in controlling slug test
response over fixed-volume/stress tests produced by slugging rods.

To exercise more control on the test/depth interval section during testing (i.e., open
borehole instability concerns), a retrievable packer/well screen should be utilized
within the inner casing string, as was utilized during the testing of Zones 1 and 2.
Pressure transducers used in monitoring of the imposed slug stress applications
should located a short distance below (i.e., within 3 meters) the fluid-column surface
within the casing that the slug test response takes place, and not in the test zone
below the inflatable packer setting,

A variety of working string casing diameters (that are used to set the packer/well-
screen assembly) should be available to control/manipulate slug test response for
characterizing the full range of expected permeability conditions (e.g., small diameter
casing for low permeability test zones; large diameters for high permeability
intervals).

While acceptable test results were obtained for most test/depth intervals using the
drilling rig compressor to initiate pneumatic slug tests, greater stability and control
can be realized for these tests using compressed air cylinders and a high precision
laboratory regulator system.

A real-time test software program should be utilized in the field in concert with the
data acquisition system so that test responses can be more rapidly evaluated. This
will improve the efficiency of running the test characterization program in the field.
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Table 1. Slug-Test Results for Selected Test/Depth Intervals at Well 299-E27-22.

Horizontal Hydraulic Conductivity,
Test Parameters Ku® m/d
Depth Test History
© | Depth/Test |  SgTest = High-K ;
Test Test Slug Test | Water, Interval , Response (Oscillatory) Type-Cutve
Zone | Date # m bgs m bgs Analysis Method © | Analysis Method®
Zone1 | 9/3/03 1-4 ~704 | 730-739 (a) (@ @
©9
5-9 75.6 - 76.2 @ (@ @
0.6)
Zone2 | 9/4/03 | 10-11 702 | 751-759 | Oscillatory 1,93 - 2.1E3 NA
0.8) (under-damped)
12-14 (8) @ @
Zone 3 .
9/4-5/03| 15-21 70.7 76.8-774 |Exponential decay NA 0.04
(70.3)* (0.6) (over-damped)
Zone4 | o/5/03 | 22-25 | 704 | 814-817 | Oscillatory 6.0E3 - 6.9E3 NA
0.3) (under-damped)

NA: Not applicable

* Depth to water measurement made on September 5, 2003 prior to initiating of pneumatic slug tests (#19 - #21),

(@) No successful tests were completed

(b) Assumed to be uniform within the well-screen test section.

(¢) Oscillatory, High-K analysis method as presented in Butler and Ganett (2000) and Butler et al. (2003).

(d) Test history matching, utilizing superposition of sequential test responses. Individual test response predicted using the
type-curveanalysis method, as presented in Butler (1998).
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Figure 1. General Slug Test System Configuration (modified from Wright, 2003).
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Figure 2. Diagnostic Slug Test Response (taken from Spane et al. (2003b)
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Figure 3. Predicted Over-Damped Slug Test Response as a Function of Test Interval
Hydraulic Conductivity
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Figure 4. Test Zone 2 Observed Oscillatory Under-Damped Slug Withdrawal Test #10:
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Figure 5. Test Zone 3 Observed Slug Testing Response Sequence, and Test History Match
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Figure 6.

Sensitivity to Varying K values (0.04, 0.4, and 4.0 m/day)
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Figure 7. Test Zone 4 Observed Oscillatory Under-Damped Slug Withdrawal Test #23:
Response and Analysis
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Figure 8. Test Zone 4 Observed Oscillatory Under-Damped Slug Withdrawal Test #24:

Response and Analysis
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