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Summary

Four boreholes were drilled at the Immobilized Low-Activity Waste Disposal Site in April 2002.
Three were completed as groundwater monitoring wells. This report documents the drilling and data
collected from the drilling.
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1.0 Introduction

The U.S. Department of Energy Office of River Protection is responsible for safe underground
storage of liquid waste from previous Hanford Site operations, the storage and disposal of immobilized
tank waste, and closure of underground tanks. The current plan is to dispose of immobilized low-activity
tank waste (ILAW) in the south-central part of the 200 East Area (Figure 1).
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Figure 1. Location Map Showing the ILAW Site and Boreholes

This report summarizes the results of FY 2002 drilling, geologic logging of cores, geophysical
logging of the boreholes and preliminary groundwater chemistry from the wells. The drilling and testing
activities associated with the boreholes were done in accordance with the Characterization Plan (Reidel
2002).
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This report uses the English system of units where discussing drill depth, as it is customary to report
borehole depth data in feet rather than meters. Multiply feet by 0.3048 to convert to meters. All other
measurements are in metric units.

1.1 Boreholes

Four boreholes (Table 1) were drilled along the south and east sides and at the southeast corner of the
ILAW site (Figure 1) in April 2002 in support of the Performance Assessment (PA) activities, to establish
a groundwater-monitoring network, and to help establish a pre-operational environmental baseline (Mann
et al. 2001; Horton et al. 2000). Three of these boreholes were then completed as groundwater moni-

toring wells. Walker (2002) provides a summary report of all field activities including drilling and well
construction (see Appendix A).

Table 1. Boreholes Drilled at ILAW Site During FY 2002

Borehole Number Well Name

C3826 299-E17-22

C3827 299-E17-23

C3828 Decommissioned

C3926 299-E17-25

Three of the four boreholes were completed as groundwater monitoring wells (Table 1). Borehole
C3828 was drilled and then decommissioned when a measurement critical to insure proper placement of
the silica sand pack around the well screen could not be made (Walker 2002). Borehole C3926 was
drilled approximately 3 m west of borehole C3828 and completed as a groundwater monitoring well.

1.2 Technical Objectives

The technical objectives of the boreholes were:

" To provide geologic samples to characterize the sediments in the vadose zone in support of the ILAW
Performance Assessment and the pre-operational monitoring plan (Horton et al. 2000). This includes
physical, hydrologic, and geochemical characterization.

" To install groundwater monitoring wells to establish a pre-operational groundwater baseline.

The primary factor dictating the location of the boreholes was their characterization function with
respect to developing the geohydrologic model for the site in support of the PA (Mann et al. 2001),
satisfying associated Data Quality Objectives (Reidel et al. 1995; Reidel 2002 [Appendix C, Section 3.2])
and providing information for pre-operational environmental baseline characterization (Horton et al.
2000).
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1.3 Report Organization

This report consists of six chapters and five appendices. The first chapter is the introduction and

background for the project. Chapter 2 provides a summary on the drilling and sampling methods that
were used. Chapter 3 summarizes the borehole stratigraphy. Chapter 4 contains a brief discussion on the
groundwater chemistry, Chapter 5 a summary and conclusions, and Chapter 6 lists cited references. The
well summary report of Walker (2002) is reproduced in Appendix A, and Appendices B, C, and D contain
core descriptions. A summary of the geophysical logging is found in Appendix E.

2.0 ILAW Drilling and Sampling Activities

Drilling, sampling, and well construction objectives for the project are presented in Reidel (2002).
That report called for drilling and sampling of three boreholes to be constructed as groundwater moni-

toring wells. Continuous sample retrieval from selected intervals was needed to achieve the goals of the
sampling plan (Table 2).

Table 2. Intervals Selected for Continuous Coring (Reidel 2002)

Depth Borehole Physical Recharge Aquifer
(ft bgs) C3826 C3827B C3828 Properties Tracers Study

8-48 X X X
54-58 X X X X
58-62 X X X X X
62-66 X X X X
64-68 X X X
68-72 X X X
72-76 X X X
76-80 X X X X
96-100 X X X X
120-124 X X X X
150-154 X X X X
154-158 X X X X
158-162 X X X X
162-166 X X X X
164-168 X X X
168-172 X
172-176 X X X
180-184 X X
220-224 X X

3



2.1 Drilling and Well Construction

The details of drilling, well construction, and well development are documented in Walker (2002);
surveyed borehole locations and depths are given in Table 3 and Figure 2. In summary, the boreholes
were drilled in April 2002 using the Becker Hammer drilling method from the surface into the saturated
zone.

Table 3. Borehole Locations and Depths (from Walker 2002 and Appendix A)

Borehole Number Well Name Eastab (m) North(ab) (M) Elevation(ab) (m) I Water Table(b) (ft bgs)

C3826 299-E17-22 574841.067 135195.921 220.589 321.82

C3827 299-E17-23 574694.485 134842.766 223.843 332.5

C3828 Not Applicable 574518.125 134845.545 224.801 341.3

C3926 299-E17-25 574515.171 134845.913 225.028 337.67

(a) Brass cap.
(b) From Walker (2002).

The boreholes were completed as Resource Conservation and Restoration Act groundwater-
monitoring wells. Each well has a 4-in diameter stainless steel casing and a 35-ft long stainless steel,
continuous wire wrap, 20-slot (0.020-in.) screen. A protective casing with locking cap, a cement pad, and
protective posts were installed to complete the surface installations.

The wells were developed in May 2002 with a 3-hp submersible pump used at two depths. Water was
pumped at a rate of 13 (299-E17-22), 11 (299-E17-23), and 12 (299-E17-25) gallons per minute; there
was no measurable drawdown (Walker 2002; Appendix A). Groundwater samples were taken at the end
of well development for analysis of selected parameters (see Chapter 4).

2.2 Sampling

Walker (2002; Appendix A) described the field sampling activities associated with drilling the
boreholes. Briefly, split-tube samples were collected in 4-in diameter, 1 ft- (C3826 and C3827) or 2 ft-
(C3828) long lexan liners. Table 2 summarizes the intervals collected. No split-spoon samples were
collected from C3926 because it was only about 3 m west of C3828. Grab samples were collected every
5 ft from all four boreholes for archive purposes.

End caps were taped to each lexan liner, and then the liners were double-bagged in plastic and placed
in ice chests with an additional layer of plastic between the samples and the ice for transportation to the
laboratory. Samples were transported under chain-of-custody and stored in refrigerators in the
3720 Building until they were opened for examination.

4
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Figure 2. Location of Boreholes Drilled at the ILAW Site

The lexan liners containing the cores from the boreholes were split open in the laboratory and logged
following the approved test plan (Reidel 2002). Each sample was photographed, and detailed geologic
descriptions made in the laboratory included geologic structure, grain-size, grain shape, sorting, color,
moisture, cementation, hardness, and reaction to HCl (see Appendices B, C, and D). Sample liners were

resealed with tape after examination and will be archived in the Hanford Geotechnical Sample Library.

2.3 Aquifer Testing

The Sampling and Analysis Plan (Reidel 2002) outlined a testing program for the hydrologic
properties of the well. This testing was designed to provide information on recovery rates, effective
permeability and other hydrologic properties for the zone in which the aquifer was screened. Testing was

done in August 2002 and consisted of slug withdrawal tests. Results of the analyses will be reported
separately.
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2.4 Geophysical Logging

The boreholes were geophysically logged in August 2002. High-purity germanium logging was

conducted to determine the presence of man-made gamma emitting radioisotopes, and to provide analysis
of naturally-occurring potassium, thorium, and uranium for stratigraphic studies. Appendix E contains
copies of the log suite and the logging analysis report. No man-made radioactive materials were detected

3.0 Borehole Stratigraphy

The boreholes penetrated sediments comprising the Hanford formation and possibly the Ringold
Formation in C3828 and C3926. The main elements of the stratigraphy around the ILAW site are shown
in Figures 3 through 7. Appendices B, C, and D present a description of the individual cores as they were
opened. The well-site geologist's descriptions (Walker 2002; Appendix A) are in good agreement with

the lithology and stratigraphy observed in the core. Small-scale features that generally are destroyed
during drilling are well preserved in the core, thus allowing a better understanding of the site.

The stratigraphic nomenclature used in this report is consistent with the standardized nomenclature
used for the Hanford Site (i.e., Delaney et al. 1991; Reidel et al. 1992; Lindsey et al. 1994; DOE 2002)
and with that used in the description of the sediments encountered in the first two ILAW boreholes (299-
E17-21 and 299-E24-21; Reidel et al. 1998, 2001).

3.1 Ringold Formation

The Ringold Formation may have been encountered in boreholes C 3828 and C3926 (Figures 3 and 7)
based on the well-site geologists logging of the cuttings. Identification of the Ringold Formation is
difficult using drill cutting at the ILAW site because of the similarity of the lithologies of the Hanford
formation and the Ringold Formation in that area. The amount of water produced by the formations and
the presence of cementation are two criteria that can help distinguish the two.

3.2 Hanford Formation

The thickness and depths of the Hanford formation encountered in the boreholes is given in Table 4.
The entire thickness of the Hanford formation at boreholes C3826 and C3827 is not known because these
boreholes did not penetrate the underlying Ringold Formation. The Hanford formation consists of pebble
to cobble conglomerate and fine- to coarse-grained sand with a few interbedded, thin silt and/or clay beds.
It is divided at the ILAW site into a lower gravel and an overlying sand unit with sparse gravel layers.
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C3826 (299-E17-22)

Drilled Depth
below Surface ILAW
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Figure 4. Summary of the Stratigraphy and Lithology of Borehole C3826.
ILAW unit refers to sand layers (S) and gravel layers (G)
previously observed at the ILAW site. Also see Figure 3.
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Figure 4. (contd)

9

--



C3826 (299-El 7-22)

Drilled Depth
below Surface

(Feet)
200 r-

210 -

220 -

230 -

240 -

250 -

260 -

270 -

280 -

290 -

300 -

ILAW
Unit

S2

G3

S3

G4

4

0.0

-

- *

-.-.

-. o*

6' - 216' Sand

216' - 224' Gravelly Sand

224' - 231' Sand

231' - 238' Gravelly Sand

238' - 274' Sand
245' Tr. Cobble

274' - 279' Gravelly Sand
279' - 283' Sand

283' - 293' Gravelly Sand

293' - 302' Sandy Gravel

- Sandy Silt to Silty Sand ..o. Sandy Gravel

I**Sand Gravel

:. Slightly Gravelly to _Y Water TableGravelly Sand

G02080026.1c

Figure 4. (contd)
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C3826 (299-E17-22)
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Figure 4. (contd)
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C3827 (299-E17-23)
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Figure 5. Summary of the Stratigraphy and Lithology of Borehole C3827.
ILAW unit refers to sand layers (S) and gravel layers (G)
previously observed at the ILAW site. Also see Figure 3.
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C3827 (299-E17-23)
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Figure 5. (contd)
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C3827 (299-E17-23)
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Figure 5. (contd)
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C3828
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Figure 6. Summary of the Stratigraphy and Lithology of Borehole C3828.
ILAW units refers to sand layers (S) and gravel layers (G)
previously observed at the ILAW site. Also see Figure 3.
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C3828
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Figure 6. (contd)

17

-

- -



Drilled Depth
below Surface

(Feet)

200 -

C3828

ILAW
Unit

S2

G3

S3

G4

I

210 -

220 L

.. 0.

-o 6

(- 6

gg6

e 6

230

240

250 -

260 -

270 -

280 -

290 -

300 -

33' - 234' Sand

234' - 237' Gravelly Sand

237' - 244" Sand

244' - 262' Sandy Gravel

262' - 277' Sand

277' - 286' Silty Sandy Gravel

286' - 318' Sandy Gravel

Sandy Silt to Silty Sand . Sandy Gravel

Sand Gravel

- Slightly Gravelly to Y Water TableGravelly Sand

G02080026.3c

Figure 6. (contd)
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Figure 7. Summary of the Stratigraphy and Lithology of Borehole C3926.
ILAW units refers to sand layers (S) and gravel layers (G)
previously observed at the ILAW site. Also see Figure 3.
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Figure 7. (contd)
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C3826 (299-E17-25)

Drilled Depth
below Surface
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350 -
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E Sand g% Gravel
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Gravelly Sand
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Figure 7. (contd)
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Table 4. Thickness and Depth of the Hanford Formation Encountered in Boreholes

Top of Hanford Base of Hanford Thickness of Hanford Thickness of Ringold
Borehole Formation (ft bgs) Formation (ft bgs) Formation (ft) Formation (ft)

C3826 0 >363 (TD) >363 Not Known.

C3827 0 >372 (TD) >372 Not Known.

C3828 0 ~365 ~365 >18

C3926 0 ~360 ~360 >22.5

3.2.1 Lower Gravel Sequence

A basal conglomerate (Figure 8) is present in all four boreholes (G4 in Table 5; Reidel and Horton
2000). This is consistent with the first and second ILAW boreholes (299-E17-21 and 299-E24-21,
respectively). The upper part of the conglomerate consists of sandy gravel with very minor silt. The
gravel content increases with depth, reaching 80 to 100% near the bottom of the boreholes. In boreholes
C3826 and C3827, the lowermost gravel encountered was an open-framework, medium to coarse pebble
(with some cobble) gravel. The open-framework texture was recognized by the field geologist and
reflected during drilling, when air used to expel the drill cuttings from the borehole quickly dissipated
into the formation.

This lower gravel sequence is equivalent to unit H3 of Lindsey et al. (1994), mapping unit Qfgi,
Missoula Outburst flood gravel deposits, of Reidel and Fecht (1994a, b), and the gravel-dominated facies
association (GD) of the Hanford formation of DOE (2002).

3.2.2 Sand Sequence

Most of the Hanford formation encountered in the boreholes consists dominantly of fine- to coarse-
grained sand with traces of silt and fine gravel (S2 and S3 in Table 5) (Figure 9). Within this sequence is
a zone (G3) of gravelly sand and sandy gravel between depths of approximately 230 and 260 ft bgs in
boreholes C3828 and C3926; this zone is thinner in boreholes C3826 and C3827. In boreholes C3827
and C3926, the sand sequence in these boreholes is topped by gravelly sand (G1) up to 2 ft thick.

This sand sequence is equivalent to unit H2 of Lindsey et al. (1994) and the following mapping units
of Reidel and Fecht (1994a, b): Qfsi, Qfs2, and Qfs3, Missoula Outburst Flood Deposits consisting of
sand, silt, and clay. This sequence is also equivalent to the sand-dominated facies association (SD), and
the uppermost part of the sequence is equivalent to the interbedded sand- to silt-dominated facies

association (ISSD), of the Hanford formation of DOE (2002).

The sands range in composition from about 30% basaltic and 70% felsic to 70% basaltic and 30%
felsic. Generally, the more basaltic-rich sands are deeper than the felsic-rich sands. The sands are
generally subrounded to subangular and moderately to well sorted. The degree of compaction varies

within the sand-dominated sequence with some samples being loose, uncompacted sediment and others
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Figure 8. Basal Gravel from Borehole C3826 at the ILAW Site

Table 5. Summary of the Geology and Lithology of Boreholes C3826, C3827, C3828, and C3926

Hanford Units Borehole Borehole Borehole

DOE 2002 ILAW Units C3826 Borehole C3827 C3828 C3926

ISSD Si 0' to 6' 0'to 23' 0' to 9' 0' to 9'

GD G1 Not present 23' to 29' Not present 9' to 11'

SD S2 6' to 216' 29' to 233' 9'to 234' 11' to 230'

GD G3 216' to 238' 23' to 236' 234' to 262' 230' to 259'

SD S3 238' to 274' 236' to 254' 262' to 277' 259' to 275'

GD G4 274' to 363' 254' to 372' (TD) 277' to 383' 275' to 382.5'
(TD) (TD) (TD)

Not Paleosol horizons 30'6" to 62'6" to 62'8" and 161'5.7" to
Applicable recognized 30'10" 158'1.6" to 158'5.2" 161'9.7"

73'to 73'4",
76'8" to
77'3"
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Figure 9. Sand-Dominated Unit from Borehole C3826, 60.0-61.0 Feet, at the ILAW Site

being compacted, competent sediment. The part of the sand-dominated sequence below the sandy gravel
(S3) is generally more compact than the sands above the sandy gravel zone. Cementation is rare
throughout the sand-dominated sequence, except at paleosols.

The dominant sedimentary feature of the sand-dominated sequence is bedding. Generally, bedding is
fairly subtle and is defined by slight color changes (due to slight changes in composition) or changes in
grain size. The S3 sands are generally coarser. Bedding defined by grain size changes reflects upward-
fining sequences generally 2 to 4 in. (5 to 10 cm) thick.

3.2.3 Paleosols

Paleosols, or ancient soil zones, are generally calcite-cemented (caliche), bioturbated and apparently
leached soil horizons where encountered. At least three paleosol horizons are identified in the drill core

from these boreholes (Table 5). The first is encountered at about 30'6" bgs (Figure 10) in boreholes
C3826 and C3926. A second, deeper paleosol was encountered in C3827 at a depth of about 62'6" bgs.
Apparent paleosols, one of which may correlate to the deeper paleosol in C3827, were encountered at 73'
bgs and 76'8" bgs in borehole C3826. A third paleosol was encountered at a depth of about 160' bgs in
boreholes C3827 and 155' in C3828 (Table 5). In general, these paleosols are between 2 and 4 in. (5 to

10 cm) thick and may correlate with paleosols identified in the first and second ILAW boreholes
(299-E17-21 and 299-E24-2 1).
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Figure 10. Paleosol from Borehole C3826, Depth 30.5-31.5 Feet.

Paleosol is the light colored zone beginning at 30.5 feet.

3.2.4 Clastic Dikes

The core interval 155'6" to 157'6" from borehole C3828 contains a elastic dike (Figure 11). A cross-
section cut through the core sample reveals a 3 cm-wide dike of very fine to fine sand crosscutting
medium-grained sand. The dike is not observed in core samples above 155' and below 158', and its

orientation and continuity is unknown.

3.3 Passive Gamma Spectral Results

Boreholes 299-E17-22, 299-E17-23, and 299-E 17-25 were logged during August 2002 using a

spectral gamma ray tool to verify the absence of man-made radionuclides. Previous experience from
geophysical logging at 299-E17-21 and 299-E24-21 showed that the vadose zone at the ILAW site does
not exhibit significant stratigraphic changes that can be detected during geophysical logging. The results

of these surveys are presented in Appendix F. There are four logs: total gamma, potassium-40,
uranium-238 and thorium-232. No man-made gamma-emitting contamination was detected.
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299-E17-24, C312Q8, Sampe 155.5' to 157.5'; cut around 156'4"

Figure 11. Clastic Dike Penetrated in Borehole C3828

4.0 Groundwater Chemistry

A summary of the chemistry of groundwater samples from wells 299-E17-22, 299-E17-23, and

299-E17-25 is given in Table 6. With the exception of sulfate, all values are similar to known Site-wide
background levels from DOE (1992). Measured sulfate concentrations are 84.9 and 64.1 mg/L in wells
C3827 and C3926, respectively, notably higher than background. Sulfate levels in background areas
range between 30.6 mg/L and 41.3 mg/L (DOE 1992). The difference between sulfate levels measured in

wells C3827 and C3926 and the background levels appears to be significant.

5.0 Conclusions

Results from the FY 2002 ILAW boreholes are consistent with results from the first and second
ILAW boreholes (299-E17-21, 299-E24-21, respectively). These results indicates that the ILAW site is

situated above an erosional channel, that is cut into the Ringold Formation and filled with unconsolidated,
open-framework gravel of the Hanford formation. Stratigraphy above the channel appears to consist of
sediments representing at least three individual Lake Missoula cataclysmic flooding events.
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Table 6. Groundwater Chemistry

299-E17-22 299-E17-23 299-E17-25(e) PNL(a) USGS(b) WHC(c'

Chloride, mg/L 9.7 11.4 10.8 10.3+6.5 12.2 + 7.8 8.8 + 7.7

Fluoride, mg/L 0.43 0.57 0.49 0.37+0.1 0.55 + 0.33 0.44 + 0.13

Nitrate,mg/L 4.1 4.5 6.9 NA 3.2+±3.4 5.2+±3.6

Sulfate, mg/L 37.5 84.9 64.1 34.4+16.9 41.3 + 27.9 30.6 + 22.6

Tritium, pCi/L 12,600 + 840 ) 4,000 + 430 66,900 + 3100 NA NA NA

(a) From PNL-6886 (Evans et al. 1989) and DOE (1992).
(b) Compiled by the U.S. Geological Survey from Hanford Site area sources in the National Water Information System

database; from DOE (1992).
(c) Based on 7 wells located in the background area upgradient of Hanford facilities or in the southern part of the site; from

DOE (1992).
(d) Total uncertainty (2G).
(e) When planning for sampling, borehole C3828 (299-E17-24) was originally planned as the groundwater monitoring well and

labels were prepared. When it was determined to abandon C3828 and offset drill C3926 (299-E17-25), the sampling labels
were not changed but the correction was noted in the drilling activity logs.
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1.0 INTRODUCTION

This document describes the fiscal year (FY) 2002 field activities associated with drilling three
characterization boreholes (299-E17-22, 299-E17-23, and 299-E17-24) at the Immobilized Low-
Activity Waste (ILAW) disposal site in the 200 East Area of the Hanford Site. A fourth borehole
was drilled (299-E17-25) after technical problems forced borehole 299-E17-24 to be
decommissioned. The data obtained from these boreholes will support current and future ILAW
disposal site performance assessments. Well locations are shown in Figure 1.

1.1 PURPOSE AND SCOPE

The three wells were drilled to support characterization of the physical properties of the soil at
the ILAW disposal site and eventually the disposal of waste from the Hanford Site underground
storage tanks. After waste is retrieved from the Hanford Site underground storage tanks, waste
will be separated into two streams: (1) a low-volume, high-activity waste stream; and (2) a high-
volume, low-activity waste stream. Both streams will be immobilized using the vitrification
process. The immobilized high-level waste will be stored at the Hanford Site prior to shipment
to a deep geological repository. The ILAW will be disposed at the Hanford Site, southwest of
the Plutonium-Uranium Extraction Facility in the 200 East Area. The first ILAW disposal site
characterization borehole (299-E17-21) was drilled in April 1998. The second borehole
(299-E24-2 1) was drilled in March and April 2001.

The objective of the vadose and saturated zone characterization is to provide data to develop a
geohydrologic conceptual model of the ILAW disposal site for use in the Hanford Site ILAW
performance assessment (Reidel 2000). The conceptual model will be used in the performance
assessment to model the movement of moisture and contaminants through the vadose zone. The
characteristics of the saturated zones, as well as the results of in situ testing, will be used in
groundwater modeling. After drilling, the boreholes were completed as a Resource Conservation
and Recovery Act of1976-compliant groundwater monitoring wells.

Descriptions of drilling, geologic conditions and materials, well construction, and well
development for both wells are presented in Section 2.0. Section 3.0 provides a brief description
of subsurface conditions based on geologic and hydrogeologic data collected during the
installation of the wells. References are listed in Section 4.0. Well summary sheets and geologic
borehole logs are included in Appendices A and B, respectively. Well development data are
presented in Appendix C. Survey data report sheets are included in Appendix D.

All drilling activities were documented in accordance with BHI-EE-02, Environmental
Requirements, Procedure 14.0, "Drilling, Maintaining, Remediating, and Decommissioning
Resource Protection Wells, GeoProbe and Geotechnical Soil Borings." A geologic log was
prepared for each well in accordance with BHI-EE-0 1, Environmental Investigations
Procedures, Procedure 7.0, "Geologic Logging." The drilling data in this report are presented in
the English units in which they were measured.
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Figure 1. Well Location Map.
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2.0 TECHNICAL DATA

2.1 WELL C3826/299-E17-22

This section contains a summary and description of drilling, well completion, and well
development activities performed during the installation of well C3826/299-E17-22.

2.1.1 Drilling Summary

Drilling of well C3826/299-E17-22 was performed in accordance with the Characterization
Plan for Fiscal Year 2002 Immobilized Low-Activity Waste Site Characterization Boreholes
(Reidel 2002). Well summary information for this well is presented in Appendix A.

Drilling of well C3826/299-E17-22 using the dual-wall percussion method (Becker hammer
drill®) began on March 29, 2002, advancing outer 9-in. outside diameter (OD) and inner 6-in.
inside diameter (ID) temporary casing. Groundwater was encountered at approximately 322 ft
below ground surface (bgs) on April 9, 2002. Waste designation samples were collected at
70 and 170 ft bgs, as described in Section 2.5. Archive samples (in volumes of 1 pint each) were
collected at 5-ft intervals, and 23 split-spoon samples were collected from the intervals shown in
Table 1. Split-spoon samplers consisted of two 2-ft (4 ft total) sample bodies coupled together in
series with a 0.5-ft drive shoe. The split spoons were 5 in. OD and contained four 1-ft Lexan*
liners (4 in. in diameter). Each sampler was driven on a 3.5-in.-diameter drill rod by the surface
diesel hammer. The borehole was advanced to a total depth (TD) of 363 ft bgs (temporary
casing 362.5 ft bgs) on April 11, 2002.

2.1.2 Well Completion

Well construction materials, filter-pack installation and initial well development, and the annular
seal for well C3826 are discussed in the following subsections. A summary of well completion
is provided in Table 2 and in the well summary sheets presented in Appendix A.

2.1.2.1 Screen, Riser Casing, and Filter Pack. A 35-ft-long 20-slot (0.020-in.) continuous
v-wire wrap stainless-steel screen (with a 2-ft sump) and 10-20 mesh (0.0787- to 0.0331-in.)
filter-pack sand were preselected for this well based on data from nearby wells and anticipated
formation characteristics. The bottom of the sump was placed at 358.66 ft bgs, and the bottom of
the screen was placed at 356.66 ft bgs. The top of the screen was located at 321.63 ft bgs. The
borehole was backfilled with 10-20 mesh filter-pack sand from TD to 15 ft above the top of the
screen (306.3 ft bgs).

Becker hammer is a registered trademark of Foremost Industries, Calgary, Canada.
Lexan is a registered trademark of General Electric Company, USA.
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Table 1. Split-Spoon Sample Intervals.

Well C3826

8-51 (10 samples)

58-62

63.5-67.5

68-72

72.5-76

76.5-80.5

96-100

119-123

149-153

163.5-167.5

168-172

172.5-176.5

179-183

219-223

179-183

219-223

Note: Depths are in feet below ground surface.

2.1.2.2 Filter-Pack Installation and Initial Well Development. When installing the filter-
pack material the objectives are to introduce the silica sand into the annular space around the
screen, settle the filter pack to eliminate void spaces, and begin removal of fines and recondition
the borehole walls from the effects of drilling. A dual-flange surge block was used to develop
and settle the filter-pack material opposite the screen. The surge block was typically operated for
20 minutes per 2- to 3-ft stroke interval. Care was taken to maintain overlap between the filter
sand and temporary casing so that formation material would not cave in against the well screen.
The level of the filter pack was measured periodically with a weighted steel tape to monitor
progress and ensure the integrity of the completion. The bottom of the well was also checked for
fill material to determine if any fine material was accumulating in the screen during surging.
This material was removed, as needed.

2.1.2.3 Annular Seal. Approximately 9 ft (297.0 to 306.3 ft bgs) of annular seal was
constructed above the filter pack using 0.25-in. bentonite pellets, and a granular bentonite seal
placed to 9.4 ft bgs. A grout seal was placed from the bentonite seal to ground surface. The
grout seal consisted of Portland cement mixed with no more than 5% bentonite by weight, in
accordance with Washington Administrative Code (WAC) 173-160.
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53.5-57.5

58-62

62.5-66.5

Well C3827

53.5-57.5

58-62

62.5-66.5

76-80

98-102

119-123

149-153

153.5-157.5

158-162

162.5-166.5

153.5-157.5

158-162

162.5-166.5
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2.1.3 Final Well Development and Pumping Test

Final well development was performed on May 21, 2002, after the surface cement pad and
protective casing were installed. A 3-HP electric submersible pump (Grundfos® type 16S30-24) was
used to pump at two depth intervals until the turbidity was less than 5 nephelometric turbidity
units (NTU) and other water parameters had stabilized (i.e., temperature, conductivity, pH).
First, the pump was operated with the intake 5 ft above the bottom of the well screen. At this
depth the pump could only produce 11 gal/min. Drawdown of the water level during pumping
was monitored by a pressure transducer and recorded in a datalogger. Water samples (C38281,
C38282, and C3828_3) were collected at this depth for analyses by Pacific Northwest National
Laboratory (PNNL). The pump intake was then raised to 22 ft above the bottom of the screen,
and pumping resumed until the turbidity was again below 5 NTU. Final groundwater parameters
are presented in Table 3.

2.2 WELL C3827/299-E17-23

This section contains a summary and description of drilling, well completion, and well
development activities performed during the installation of well C3927/199-E17-23.

2.2.1 Drilling Summary

Drilling of well C3827/299-E17-23 was performed in accordance with the characterization plan
for FY 2002 (Reidel 2002). Well summary information for this well is presented in Appendix A.

Drilling of well C3827/299-E17-23, using the dual-wall percussion method (Becker hammer
drill) began on April 17, 2002, advancing outer 9-in. OD and inner 6-in. ID temporary casing.
Groundwater was encountered at approximately 332.5 ft bgs on April 25, 2002. Archive
samples were collected at 5-ft intervals, and 12 split-spoon samples were collected from the
intervals shown in Table 1. The split-spoon samplers for this borehole retrieved 4 ft of sediment
in four 1-ft-length Lexan liners. The borehole was advanced to a TD of 372 ft bgs (temporary
casing 372 ft bgs) on April 25, 2002.

2.2.2 Well Completion

Well construction materials, filter-pack installation and initial well development, and the annular
seal for well C3827 are discussed in the following subsections. A summary of well completion
is provided in Table 2 and in the well summary sheets presented in Appendix A.

* Grundfos is a registered trademark of Grundfos Pumps Corporation, Clovis, California.
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Table 2. Well Completion Summary.

Screen Sandpack Bentonite Granular Grout
Water Pellets Bentonite Seal

Well Name Well ID Level Screen Screen
(ft bgs) Top Bottom Screen Sump Screen Interval Interval Interval Interval

(ft bgs) (ft bgs) Length (ft) (ft) Material (ft bgs) (ft bgs) (ft bgs) (ft bgs)

299-E17-22 C3826 321.82 321.63 356.66 35 2 304L SS 306.3-362.7 297.0-306.3 9.4-297.0 0-9.4

299-E17-23 C3827 332.5 332.98 368.10 35 2 304L SS 323.0-370.5 316.1-323.0 316.1-9.9 0-9.9

299-E17-24 C3828 341.3 NA NA NA NA NA 330-383 NA 330-9.5 0-9.5

299-E17-25 C3926 337.67 336.56 371.57 35 2 304L SS 326.8-382.51 316-326.8 316-10.8 0-10.8

NA = not applicable
SS = stainless steel

Table 3. Well Development Data.

Static Final Final Final pH Final Final Flow Final Total
Well Name Well ID Water Development Duration Turbidity Conductivity (standard Temp. Rate Drawdown Gallons

Level Date (minutes) (NTU) (piS/cm) units) (0C) (gal/min) (ft) Pumped
___________ _________ (ft bgs) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

299-E17-22 C3826 321.82 5/21/02 99 2.66 454 7.96 19.6 13 0 1,150

299-E17-23 C3827 332.51 5/20/02 75 4.34 513 7.79 21.4 11 0 870

299-E17-24 C3828 341.3 NA NA NA NA NA NA NA NA NA

299-E17-25 C3926 337.62 5/20/02 88 4.32 428 7.77 20.1 12 0 1,020

NA = not applicable
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2.2.2.1 Screen, Riser Casing, and Filter Pack. A 35-ft-long 20-slot (0.020-in.) continuous
v-wire wrap stainless-steel screen (with a 2-ft sump) and 10-20 mesh (0.0787- to 0.0331-in.)
filter-pack sand were preselected for this well based on data from nearby wells and anticipated
formation characteristics. The bottom of the sump was placed at 370.11 ft bgs, and the bottom of
the screen placed at 368.10 ft bgs. The top of the screen was located at 332.98 bgs. The
borehole was backfilled with 10-20 mesh filter-pack sand from TD to 10 ft above the top of the
screen (323 ft bgs). Filter-pack installation at injection well C3827 followed the same procedure
as previously described for extraction well C3826 (see Section 2.1.2.2).

2.2.2.2 Annular Seal. Approximately 7 ft (316.1 to 323.0 ft bgs) of annular seal was
constructed above the filter pack using 0.25-in. bentonite pellets and a granular bentonite seal
placed to 9.9 ft bgs. A grout seal was placed from the bentonite seal to ground surface. The
grout seal consisted of Portland cement mixed with no more than 5% bentonite by weight, in
accordance with WAC 173-160.

2.2.3 Final Well Development and Pumping Test

Final well development was performed on May 20, 2002, after the surface cement pad and
protective casing had been installed. A 3-HP electric submersible pump was used at two depths
to develop the well. First, the pump intake was set 2 ft above the bottom of the screen, and
pumping continued until the turbidity was less than 5 NTU. A pressure transducer was used to
monitor water-level drawdown during pumping, and information was recorded in a datalogger.
Other parameters monitored during pumping were temperature, conductivity, and pH. At this
depth, water samples (C3827_1, C3827 2, and C3827_3) were collected for PNNL analyses.
The pump intake was raised to 16 ft above the bottom of the screen, and pumping resumed until
the turbidity was less than 5 NTU. The pumping rate was 12 gal/min. Final groundwater
parameters are presented in Table 3. No significant water-level drawdown was noted at either
depth.

2.3 WELL C3828/299-E17-24

This section contains a summary and description of drilling and well decommissioning activities
performed during the attempted installation of well C3828/299-E17-24.

2.3.1 Drilling Summary

Drilling of well C3828/299-E17-24 was performed in accordance with the characterization plan
for FY 2002 (Reidel 2002). Well summary information for this well is presented in Appendix A.

Drilling of well C3828/299-E17-24 using the dual-wall percussion method (Becker hammer
drill) began on May 2, 2002, advancing outer 9-in. OD and inner 6-in. ID in temporary casing.
Groundwater was encountered at approximately 340 ft bgs on April 9, 2002. Six split-spoon
samples were collected from the intervals shown in Table 1. The split-spoon samplers for this
borehole retrieved 4 ft of sediment in two 2-ft-length Lexan liners. The borehole was advanced
to a TD of 383 ft bgs (temporary casing 383 ft bgs) on May 6, 2002.
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2.3.2 Well Completion

Borehole C3828 was drilled to 383 ft bgs and passed the straightness test prior to installation of
the well screen. When the well construction was started, the drilling subcontractor was unable to
get a measuring tape to the bottom of the well in the annular space between the 4-in. stainless-
steel permanent casing and the inner 6-in. temporary casing. This measurement is critical to
ensure the proper placement of the silica sand pack around the well screen. The well was
observed to veer to the east at approximately 85 ft bgs. During drilling a rock was hit at 280 ft,
which may also have deflected the drill bit. After a discussion with CH2M Hill Hanford Group,
Inc. and project management, it was agreed to decommission well C3828, move the drilling rig,
and drill a new borehole.

A summary of well decommissioning is provided in Table 2 and in the well summary sheets
presented in Appendix A. A well decommissioning profile for well C3828 (299-E17-24) was
generated by the Groundwater/Vadose Zone Integration Project single point of contact prior to
the actual well decommissioning.

2.3.2.1 Well Decommissioning. During backpulling of the temporary casing from well C3828
(299-E17-24), silica sand was emplaced from 383 ft bgs to approximately 330 ft bgs, granular
bentonite (crumbles) placed from 330 ft bgs to 9.5 ft bgs, and a concrete seal was placed from
the bentonite seal to ground surface. A brass marker was placed in the surface of the concrete
seal. Decommissioning was completed on May 10, 2002.

2.4 WELL C3926/299-E17-25

This section contains a summary and description of drilling, well completion, and well
development activities performed during the installation of well C3926/299-E17-25.

2.4.1 Drilling Summary

Drilling of extraction well C3926/299-E17-25 was performed as a redrill of well C3828. The
borehole location was set approximately 10 ft due west of the C3828 site. The well was drilled
in accordance with the characterization plan for FY 2002 (Reidel 2002). Well summary
information for this well is presented in Appendix A.

Drilling of well C3926/299-E17-25 using the dual-wall percussion method (Becker hammer
drill) began on May 10, 2002, advancing outer 9-in. OD and inner 6-in. ID in temporary casing.
Groundwater was encountered at approximately 338 ft bgs on May 13, 2002. Archive grab
samples were collected at 10-ft intervals. No split-spoon samples were collected. The borehole
was advanced to a TD of 382.5 ft bgs on May 13, 2002.
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2.4.2 Well Completion

Well construction materials, filter-pack installation and initial well development, and annular
seal for well C3826 are discussed in the following subsections. A summary of well completion
is provided in Table 2 and in the well summary sheets presented in Appendix A.

2.4.2.1 Screen, Riser Casing, and Filter Pack. A 35-ft 20-slot (0.020-in.) continuous v-wire
wrap stainless-steel screen (with a 2-ft sump) and 10-20 mesh (0.0787- to 0.0331-in.) filter-pack
sand were preselected for this well based on data from nearby wells and anticipated formation
characteristics. The bottom of the sump was placed at 373.58 ft bgs and the bottom of the screen
placed at 371.57 ft bgs. The top of the screen was located at 336.56 ft bgs. The borehole was
backfilled with 10-20 mesh filter-pack sand from TD to 10 ft above the top of the screen
(326.8 ft bgs). Filter-pack installation at well C3827 followed the same procedure as previously
described for well C3826 (see Section 2.1.2.2).

2.4.2.2 Annular Seal. Approximately 10 ft (326.8 to 316 ft bgs) of annular seal was
constructed above the filter pack using 0.38-in. bentonite pellets and a granular bentonite seal
placed to 9.4 ft bgs. A grout seal was placed from the bentonite seal to ground surface. The
grout seal consisted of Portland cement mixed with no more than 5% bentonite by weight, in
accordance with WAC 173-160.

2.4.2.3 Final Well Development and Pumping Test. Final well development was performed
on May 20, 2002, after the surface pad and protective casing had been set. A 3-HP electric
submersible pump was first set near the bottom of the screen interval, with the pump intake at
6 ft above the bottom of the screen. From that depth, the pump could only produce 11 gal/min.
A pressure transducer was used to monitor water-level drawdown during pumping, and

information was stored in a HermitTm 3000 datalogger. Pumping continued until the turbidity was
measured to be less than 5 NTU. Other water quality parameters measured during pumping were
temperature, conductivity, and pH. Water samples (C3826_1, C3826_2 and C3826_3) were
collected for PNNL analyses. The pump intake was then raised to 20 ft above the bottom of the
screen, and pumping resumed until the turbidity was less than 5 NTU. The pumping rate was
about 12 gal/min. Final groundwater-quality parameters are presented in Table 3. No significant
drawdown of the water table was noted at either pumping depth.

2.5 WASTE MANAGEMENT

Waste for all boreholes was managed in accordance with the Data Quality Objective Summary
Report for ILA W Well Installation - Waste Disposition (BHI 2002) and the Site Specific Waste

Management Instruction Well Decommissioning, Maintenance and Sampling (Stocker 2000).

TM Hermit is a trademark of In-Situ Inc., Laramie, Wyoming.
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2.5.1 Vadose Zone Cuttings

As discussed in the data quality objective (DQO) summary report (BHI 2002), waste designation
samples were collected from ILAW borehole C3826 (299-E17-22) at two locations (70 and
170 ft bgs). Soil samples B149P3 (70 ft) and B149P5 (170 ft) were analyzed for selected
radionuclides and nitrate per the DQO summary report (BHI 2002).

Initial radiological screening (for sample shipping purposes) showed nondetects for gamma
emitters and 18 pCi/g for gross beta. While gross beta was not discussed as a contaminant of
concern in the DQO summary report (BHI 2002), after a discussion with the Bechtel
Hanford, Inc. waste management task lead, it was determined that it was appropriate to compare
the screening data with the 90% upper confidence limit (UCL) background value for gross beta.
The published background value is 22.96 pCi/g (DOE-RL 1996). As shown in Table 4,
laboratory sample values were compared to the 90% UCL as requested by the DQO, for site
background data. All reported values are less than background.

Table 4. Waste Designation Sample Results, Well C3826 (299-E17-22).

Constituent 90% UCL Sample B149P3 Sample B149P5
Background (70 ft) (170 ft)

Cesium-137 0.0919 pCi/g Nondetect Nondetect

Strontium-90 0.167 pCi/g -0.014 pCi/g -0.149 pCi/g

Uranium-234 1.1 pCi/g 0.336 pCi/g 0.611 pCi/g

Uranium-235 ] 0.O9 pCi/g 0.057 pCi/g 0.085 pCi/g

Uranium-238 1.06 pCi/g 0.46 pCi/g 0.423 pCi/g

Plutonium-238 0.0047 pCi/g 0.003 pCi/g -0.008 pCi/g

Plutonium-239/240 0.0192 pCi/g -0.003 pCi/g 0.008 pCi/g

Nitrate 99.38 mg/kg 2.79 mg/kg 2.29 mg/kg

Waste from boreholes C3827 (299-E17-23), C3828 (299-E17-24), and C3926 (299-E27-25) did
not require waste designation sampling. The drilling area and drill cuttings were monitored
regularly for radioactive contaminants; no contaminants were detected above background levels.
Drilling spoils from above the water table were accumulated in piles near the point of generation
until surveyed by a radiological control technician. Spoils piles were approved for return to
ground following clearance from the radiological control technician, the project task lead, and
the waste management task lead.

2.5.2 Saturated Zone Cuttings

Drill cuttings removed below the water table in all four boreholes were contained in waste
storage drums for final disposition.
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2.5.3 Purgewater

All groundwater pumped from these wells during development activities was contained and
transferred to purgewater trucks for final disposal at the Purgewater Storage and Treatment

Facility and/or ModuTanks,TM in accordance with the DQO summary report (BHI 2002).

2.6 WELL ACCEPTANCE

A well acceptance walkdown for the three completed wells was performed on May 21, 2002 (see
Table 5 for a summary).

Table 5. Summary of Well Drilling and Survey Data.

a Ground-Surface
Drilling Driln Northinga Fasting' Elevation b Total Depth

Well Name Well ID Start Frilli ateB Cap) (Brass Cap) (Brass Cap) (ft bgs)
Date (i) (i) (m)

299-E17-22 C3826 3/27/02 4/11/02 135195.921 574841.067 220.589 363

299-E17-23 C3827 4/16/02 4/26/02 134842.766 574694.485 223.843 372

299-E17-24 C3828 5/1/02 5/06/02 134845.545 574518.125 224.801 383

299-E17-25 C3926 5/10/02 5/13/02 134845.913 574515.171 225.028 382.5

NOTE: Feet are used because field measurements were reported and recorded in English units.
a Northing and easting coordinates are based on Washington State Plane Coordinates (North American Datum of 1983[91]).
b North American Vertical Datum of 1988 values rounded to 0.00 1 m.

2.7 CIVIL SURVEY

Well location and elevation surveys were performed on the wells in May 2002 by Rogers
Surveying, Inc. The coordinates for the wells were determined using Trimble 4 0 0 0 ssiTM dual-
frequency global positioning system receivers, operating in real-time kinematic mode. The
horizontal control for this survey is based on a global positioning system control network
designed and surveyed by Rogers Surveying, Inc., in support of the Hanford Site Mapping
Project.

Elevations were determined using a Leica Geosystems N3003 electronic bar code reading level
and bar code rod. The vertical control for these wells perpetuated from horizontal control
monument HSWB044. All coordinates are referenced to the Washington Coordinate System,
North American Datum of 1983/1991. Elevations are referenced to the North American Vertical
Datum of 1988. All results are reported in metric units with a vertical accuracy of +/-0.001 m

TM ModuTank is a trademark of ModuTank Inc., Long Island City, New York.
TM Trimble 4000ssi is a trademark of Trimble Navigation Limited
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and horizontal accuracy of +/-0.001 m. Surveying was performed in accordance with the
requirements of BHI-EE-01, Procedure 1.6, "Survey Requirements and Techniques."

3.0 SUBSURFACE DESCRIPTION

3.1 200 EAST AREA GEOLOGY

The stratigraphy of the ILAW disposal site consists of the Hanford formation and the Ringold
Formation overlying the Columbia River Basalt Group (Reidel 2000). Surficial sediments are
mainly eolian deposits consisting of reworked Hanford Site sands and silts.

3.1.1 Well C3826/299-E17-22 Borehole Geology

The first 6 ft consisted of fine sand and silt, and the sand-dominated sequence of the Hanford
formation continued until 216 ft bgs. The sand was moist to about 6 ft, and then dry below that
depth until near the top of groundwater. Trace amounts of caliche fragments were noted on the
borehole log. The sediment was predominantly gravelly sand from 216 to 238 ft, sand from 238
to 274 ft, gravelly sand from 274 to 293 ft, basal-gravel (Hanford formation) from 293 to 352 ft,
and sandy gravel (Ringold Formation) from 352 to 363 ft (TD).

Geologic borehole logs are included in Appendix B and stratigraphic information summarized in
Table 6.

Table 6. Drilling Information.

Ground Surface
Elevation'

(Estimated)
(in)

Top of Hanford
Gravel Sequence

(ft bgs)

Groundwater
Hanford/Ringold Depthb Total Depth
Contact (ft bgs) (ft bgs) (ft bgs)

299-E17-22 C3826 220.494 293 352 321.8 363

299-E17-23 C3827 223.370 272 Indistinct 332.5 372

299-E17-24 C3828 224.625 277 Indistinct 341.3 383

299-E17-25 C3926 224.625 275_
'North American Vertical Datum of 1988.
b Water level could be inaccurate due to off-vertical drill casing.

Indistinct 337.6 382.5

3.1.2 Well C3827/299-E17-23 Borehole Geology

At this location the surface deposit of silty sand extended to about 8 ft bgs, followed by basalt-
rich sand from 8 to 23 ft. Gravelly sand with fine pebbles continued from 23 to 29 ft, and then
Hanford sand from 29 to 233 ft. This sand was slightly moist until about 130 ft and then dry
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below that depth. A gradational change to sandy gravel occurred from 233 to 236 ft, and then
sand again to 254 ft. From 254 to 272 ft, the sediment alternated from gravelly sand to sandy
gravel with fine- to medium-sized gravel pebbles. At 272 ft, the basal-gravel-dominated
Hanford formation was encountered. There was not a clear contact noted between Hanford and
Ringold gravel formations, but there was a possible contact at about 358 ft as sandy gravel
continued until the total drill depth of 372 ft bgs.

Geologic borehole logs are included in Appendix B, and stratigraphic information is summarized
in Table 6.

3.1.3 Well C3828/299-E17-24 Borehole Geology

Sediment from the surface to 33 ft bgs consisted of sand, with trace amounts of silt and fine
gravel. Sand continued from 33 to 234 ft. The sand contained occasional fragments of silt and
clay, which were moist and reacted strongly with 10% hydrochloric acid. A possible paleosol
was noted in a split-spoon sample at 157 ft. The sand was slightly moist until about 220 ft, and
dry below that depth. Gravelly sand with fine pebbles was encountered from 234 to 237 ft, and
then sand to 244 ft. Sandy gravel, again mostly fine to very fine pebbles, extended from 244 to
262 ft, then sand to 277 ft. An abrupt contact with sandy gravel at 277 ft was the basal Hanford
gravel sequence. The gravel was occasionally cobble to boulder in size, with several intervals
with silt coatings on gravel. There was no clear contact between Hanford and Ringold
Formations; no open-framework gravel was encountered at this borehole. A large basalt boulder
was drilled through at 367 to 369 ft, and basalt-rich gravel extended to the total depth of 383 ft.

Geologic borehole logs are included in Appendix B, and stratigraphic information is summarized
in Table 6.

3.1.4 Well C3926/299-E17-25 Borehole Geology

From the surface to 36 ft bgs, the sediment graded from slightly silty sand to gravelly sand and
sand from 36 to 230 ft. This borehole also showed traces of silt, clay, and caliche fragments, but
not to the extent seen in well C3828. The sand was slightly moist until about 220 ft and dry
below that depth. Gravelly sand was seen from 230 to 235 ft, and then sand to 240 ft. Gravelly
sand to sandy gravel was encountered from 240 to 259 ft, and then sand to 275 ft. The basal
Hanford gravel sequence started at 275 ft, with gravel up to cobble and boulder size. There was
no clear contact between Hanford and Ringold gravel, as sandy gravel continued to the total drill
depth of 382.5 ft. At a depth interval of approximately 368 to 378 ft, the silt fraction in the
gravel was a very dark brown (almost black) then back to a light brown, as seen earlier in this
borehole and in other boreholes below the water table.

Geologic borehole logs are included in Appendix B, and stratigraphic information is summarized
in Table 6.
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3.2 HYDROGEOLOGY

The uppermost aquifer in the vicinity of the ILAW disposal site is within the fluvial gravels of
the Ringold Formation and flood deposits of the Hanford formation. The Elephant Mountain
Member of the Columbia River Basalt Group forms the base of the unconfined aquifer.
Drawdown information from well development pumping is shown in Table 7. No other aquifer
testing was performed.

Table 7. Pumping Information.

Well Well Groundwater Final Flow D db Pumping RecoveryNael W Level Rate (ft) Duration mInes)
Name ID (ft bgs) (gal/min) (ft) (minutes) (minutes)

299-E27-22 C3826 321.8 13 0 99 0

299-E17-23 C3827 332.5 11 0 75 0

299-E17-24 C3828 341.3a NA NA NA NA

299-E17-25 C3926 337.6 12 0 88 0

a Water level could be inaccurate due to off-vertical drill casing.
b Pump was of insufficient size to generate a drawdown at these depths.

NA = not applicable
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APPENDIX A

WELL SUMMARY SHEETS
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WELL SUMMARY SHEET StartDate: 3-2c/-o: Page: of 3
___ ___ __ ___ ___ __ ___ ___ _Fini s h Da te: Lf- 16

Well ID: ( 38 a G Well Name: 29- E / 7 - 2 .

Location: SW of P.tt 2o0-Esi- Project: CY 2ooa ZL A / iw l
PreparedBy: L. D. LWalke Date: / U0-c; Reviewed By: (O> g /{,9-' Date: {{0 .

Signature: Signature:
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BHI-01647

Appendix A - Well Summary Sheets Rev. 0

Start Date: 3 - 2 9 - Page: of -3WELL SUMMARY SHEET IFinish Date: q-/ -. P

Well ID: C 8 Well Name: 299 E /-7 2 2
Location: SW ) of PkreeX , 2c-v oE4s Project: CY 2oc>2 I-LAW
Prepared By: Lb. Wa(a - Date: 1 - e'.Z Reviewed By: C 5 Date:

Signature: f Signature
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Depth in

Description Diagram Feet Graphic Lithologic Description
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BHI-01647

Appendix A - Well Summary Sheets Rev. 0

Start Date: q-17 - Pg: of 3WELL SUMMARY SHEET Finish Date: Yj- 30-, :
Well ID: C 3 827 Well Name: 219- E/7-23
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BHI-01647

Rev. 0

WELL SUMMARY SHEET tnis Date: 5- Page: of_3

Well ID:- (39 2G Well Name: 2cf99 E-7- 2 5
Location: SW or Irex v ) 2UcE Feiiche',/e Project: C Y Zac2 bLA IA
Prepared By: L. D W //<e r Date: 5- /(0-0.2 Reviewed By: C5 ,v&,. Date:

Signature: Signature: --
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Appendix A - Well Summary Sheets

WELL SUMMARY SHEET

WeIllID: C 3 3 W

Location: S w oE Purex oK 2DOE Pehceteiee P

Prepared By: L D A ct cei Date: 5-(0-D02 R
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Rev. 0

Start Date: 5 - Page: -. of 3
Finish Date: 5-10-02

ellName: 92q-. E17- 2q
roject: C Y 200 k TL4Iki
eviewed By: i/ n 6 4 ~z Date: I
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GEOLOGIC/HYDROLOGIC DATA
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Feet Graphic Lithologic Description
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Appendix A - Well Summary Sheets Rev. 0

WELL SUMMARY SHEET Stnt Date: s Page: _ of 3

Well ID: C 3F'28 Well Name: 29 q j7
Location: SW c'p P<reX ch 2C>E Fence1h, Project: Y 2002 ZLAL
Prepared By: L D W 11/e// Date: 5- IL- 0 Reviewed By: C-5 Date: {lf["
Signature: Signature:

CONSTRUCTION DATA GEOLOGIC/HYDROLOGIC DATA
Depth in

Description Diagram Feet Graphic Lithologic Description_________________________________________________ _______________________ _____Log__ o
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BHI-01647

Appendix A - Well Summary Sheets Rev. 0

Start Date: 5~- 0 Page:j3 of 3
WELL SUMMARY SHEET IFinish Date: 5- Io.o :

WelliD: C 3 1 2 8 WellName: Qqq- E17- apj
Location: sW o Pur r- oh 2crvE ece [, Project: GC 200 L ILA\I/ brid)I
Prepared By: L Date: S - to - O Reviewed By: : ,Date:-

Signature: Signature:

CONSTRUCTION DATA GEOLOGIC/HYDROLOGIC DATA
Depth in

Description Diagram Feet Graphic Lithologic Description
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: _ of _13

BOREHOLE LOG Date: 3 / 7o2
Well ID: C 3 Well Name: 2 22 . E (7 -7 Location: SL Of Pja- /Z00E

Project: C ZCr02  I LA L&) bt-('if Reference Measuring Point: r'-dnc( ScA4 ce
Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

?- 7o

I'C' C -

cic 7.
rec,

75 7
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* . 0

S -
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Reported By: 1-. t 5 Reviewed By: 6 5, 4 .

Title: Gt a I rC Title: G o/
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: 2 of 13

BOREHOLE LOG Date: 3-2 9 - 0Z
WellID: C33) WellName: 2y E 7 -22 Location: S/IA) of rr 200 E

Project: C AiC-t2 1 A Reference Measuring Point: r St.IFace

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling

Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of
No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,

Sampler Size, Water Level

-7

#9

10s5r

rec.

1(-A~

-30-

35-

5q-f

j Dee e cllm I
SAN +0 -6'b4  ~oe. 7K Xu" A ac1 W-U

crr9. .. - 4t. -l1 If, I-. I, rCC. I (4-
-

-

Reported By: L - b. Q I ie i- Reviewed By: (

Title: re / Title: tg ~7
Signature: Date: 3-2z'c Signature: Date:$ f)$7-

Original to: Document and Information Services, HO-09/HWIS
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June 2002 B-2
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: 3 of _3

BOREHOLE LOG Date: '-

Well ID: C 3 3 D (0 Well Name: 29Ci /7 - 2-:2- Location: c-P Pl 1 2 crCv E

Project: CY .20o.x ILLAJ j Reference Measuring Point: 6

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft-) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level
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Reported By: I.. (). ; Reviewed By: .6
Title: G e o / Title: ( j
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Original to: Document and Information Services, HO-09/HWIS
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June 2002 B-3
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page:_iL of 13
BOREHOLE LOG Date: q 1-02

Well ID: 3 f ,3 WellName: 2c (/ /-2z Location: SW O PuV-, k 2CyvE

Project: cY 2qo ZLIW tD# j thq / Reference Measuring Point: 6 rowad S4-FCeu
Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralog, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

tSVu -A

VC)e

s4
s -

rtc-

B-4

Reported By: I. , Reviewed By: (4
Title: Title: c5C

Sgnature: ; Date: Ll- /- 0 Signature: Date: {0

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

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page:-5 of 13

BOREHOLE LOG Date: /+-2

Well ID: C 3 82k Well Name: 2? E 7 -2 Location: of Pu re 2o0 E

Project: C Y 200 rL L AU) Reference Measuring Point: d7 c a
Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampli g Tool,
Sampler Size, Water Level
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I 35-

17

ltrO7

re c

! Eg-A tVe

:6tr -A ive

Dejtev 94bmme V

~A/L D S ('VK / Cu- t do I1k L'oi

22' 5c.~ 9 ~-V. L,~ ko 4. -h ;1,,gp'- 2l5. w,

AM4~ I've M~L SoApf

125,v (s'ci'

4-r Mj I'C 13 ' Avrc tf'v~d v, i / k

C)M -.3/ 6, Il/. H e

Reported By: L.D. k)c 1ker Reviewed By: C 'S UG / V
Title: Geo/' / Title: 6 j9(

Signature: -f9 Date: / /-,'x2 Signature: Date: 0,- >

Original to: Document and Information Services, HO-09/HWIS
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: 6 of -3

BOREHOLE LOG Date:

Well ID: C 3 8 g Well Name: 2 - - Location: S W OF PU v-e p
Project: C Y loe a T LA ) Or -jjj l|Reference Measuring Point Gror.c . Lo --a ct

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level
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70
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5~~eI

q57
rec.

q0
rec.

I c' 7(

t~esef ~ ""

- SA/VP (S s"MI/ak - O ctive to Oo a w-f cas"I'
-100SA Sc S, ( Ir S"1
20 cse - v. cse,, 4? Fi 1 .o'+ S z

20 O y. FM ; 10rc/ lYR (, /- Zt. VAIAI sa #Kpo

-

-

Reported By: L- b. Lvalke r Reviewed By: 9 - V'4/ t -

Title: c Title: (9 cg /

Signature: Date: If- 3- o 2 Signature: Date:, (0 027

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

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-6
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: 7 of 13

BOREHOLE LOG Date: -3- 0

Well ID: C 1 Well Name: .29 l - E 17- 22- Location: W a Petyre Z 200 Ens
Project: C() 2o TLA/ D I Reference Measuring Point: n St-i,.ce

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(:t.) Type & Blows & Log, Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

I v 7
tltC'.

iGri-A .veqgo--

2 qOQ

__________________________________________ lV~'ese.1 hctmmer-. g"
SAAgr; (S i

fL, - v. -1 7k 'Yko / . IrV, A

s, S 4 i~ 5f p rek (nk -

-0 l r .l S- A - A - 3?,ALre.A 7Al

/ - - c ? - n 4 C

Iy.?Af-> 3Z : Lpsk

SW': 6re s' ./,

cc'stKO isar'a1rP

# A

D(Ce~e I

'Iee,

Reported By:, ). t (k e t Reviewed By: C -

Title: &eolccf1 '.f.Title: (9tc/c !,A.I

Signature: 9 Date: L/ -3--c Signature: Date:

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

BHI-EE-1 83 (02-20-2002)

Well Summary Report. 2002 ILA W Well Installation

June 2002
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ni'6 Emcrc/"vy

-_ _ _ _ _ a G': arJ - rchVe
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S4 Aln /S
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v 9 N, rt. 20n r0 t 4A 'I - 3-?'D
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BHI-O 1647

Appendix B - Borehole Log Sheets Rev. 0

Page: _R_ of 13
BOREHOLE LOG Date:

Well ID: C32 WellName: 2q - E 7 - 2 Location: S/ of Put-e / .2-O Gtgf

Project: __ \2__ 2 14 _ b l)-; /_/_,0 Reference Measuring Point: GrvuAc
Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
- (Ft Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy,of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

2 2oSL-

225-

23 a-

. 5.11-
Ispat"7

# ;.3

&'M4. AVrC

too 7
m-c.

SAIVD ( ) s54w/tt J. - Lv Ie
I, UP s7 , e s- 11

U Lal /t ca

2 6 -+ 22' Vy SAND S
I o ! kGrv 25 90 S a nI. -.

C~CVC ~'ed y.Fs p~ ~ - c 5&ii 21J?7Q'- .2 3.5 -5il

59- JA S oadvP, r .6
ove- 13

220 : y

(I ttc 441 prd i Ce VC se -5-07,, _ __ _ __ _

ccmt'e 4CMh AeCtC,5 .1"

S2 '- 23 I : AN D
S-5 v/c 6rele 9 . /C- tov/c Su clp: c._Pr A

231 - 238 6rqve 1y 5A Vp
o - 3o, ( ve 1 7p- -o o I,

C'mVeI 4- p! ,S C 0 235:Cf--g-~y

- Cse lo yne. tCYR5/Z /cjryfil Lsowu) cey i
.. otec (rovf SA-SR, se.c SA

I( -370 mak .v li-6one
£~g~le 1.I/cl rx weak io &one ________

Reported By: W4 . {fK Reviewed By: l

Title: Ge0to j - s 4  
Title: &'69

Signature: 9/L/ Date: Z-o Signature: Date: 2
Original to: Document and Information Services, HO-09/HWIS

BHI-EE-1 83 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002
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I eIW sr I 6mme'-_ ,

-

4 - - 5 51 Y" /4.



BHI-O 1647

Appendix B - Borehole Log Sheets Rev. 0

Page: _ of 3
BOREHOLE LOG [Date: / / 3 g

Well ID: C 3 z Well Name: 2c - -2 Location: 5 ) oF
Project: CY )02c C LA t Reference Measuring Point: (40"k'c

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(-t.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

29 ~

250-

255-

2 6-

2617

KZ At,

D~e~t I

1' i I-

:G r Lr-vc

t' d-A cVr

-0

.?' -, 27 L4 I. -S/A/7) A)
9 5 - r 4 -xI4-5% 6tcoeI , 9s- ICro?& Scatd, Ji1;/|. jLa/, ~p eL.'ai/ t't.,

9 -;v'q v.A Th vL S z v. cse 20%, cse

301 Ve o . Fm. I O'Y9 5/A qr 4r-)' :19 ': 6m s- roLe
ry-c .,oeQ SA-4 30-o~e~0 FO4/L ?- QI -C 4 've

(0-70% fh/o4Aer_
2 It- c h4, s-,// cc/,, 295'C Gra- - cti'ye

100%O SQc 4t -r vc~ef ht peA)
2- Sal _ _ -_ _

3 C, oV. c.c- Ie- e. Y.Vt" e.0.3 o7o thY4

sI -A , 35k6 asL , pt__4_4

I__________ Z(ro2 P*-e6 Amr*e,.

f

(S' ) ('M% g e, to 4 0r c; 4 y

CSe ~ntd~. SI bn~,tS#

246 ': Gm > - At ve

-i
w~ell soti-4 S '- A , kp, acsai _______lirc,' c e5 ' (4 V''-

Reported By: / '. IL <k- Reviewed By: I t v'

Title: ...- q Title: (ed(Z 4

Signature: ,f / Date: f- q-o2. Signature: Date: I t'?

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

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-9

I -

Grnl- kv

h" dVe



BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: [0 of _3

BOREHOLE LOG Date: 9 L0Z

Well ID: (3 - WellName: 2 9 - E17 -22 Location: S W o4 Ptr / 2.00 E.,

Project: CY 2c u/ rLA/v ) t-0 t Reference Measuring Point: r- Q c

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft. Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

C >

27c-

275--

28 3

225 -

,. .~

s-.0

SAND - g/ Ge ve

2714 - t z79 cf 6 vely -SAU\D
& 0 2 n7.io t/& 3 20 9-' "

.s5/ - Cr'veJ ed-Fk paL,, SR 5,J
med - /se. 30-q0% Ls-,vn £ 0-To7. erh e4,

27q -- 2831
Qr-ecil/

: SAA/D /)

I or S

23 23' 6 rv'efly SAV
2- 15 Gve I. f

$~,cp 44 &t..II1H4 k4-cre .V 4
.

1  II we4 I
by (a" Lal <.52 C.4

275/: Gr - a rc A,.e

4-

vcsk! pe l b- Sin .i "WLe. So "s~2e c'tc'Ve ______

tLC I~ SP, qa-so'% Las.~ It s--o~o 4

ho i'-Yt 14rC i coC((( 0IcYRS2 G-41~ - cpc~i

2q - 3 Cc 2 A~1~ VF:jEL

2 9~/~ ~b-~.L- Q,.~.L,.,,,

1--5 7c Sil. Ge-oteI 4 - e cUl 4jf ,/ewr-

PeLr LO ce 3C 'i5.. m F11. 011- Ior4
,d r A nmtvk/ Sot C/. sA IfI4 '/-,

Reported By: L (). LUQ f 1 Reviewed By:

Title: G ( Title:

Signature: Date: /- *c 2 -Signature: Date:T/10 C
Original to: Document and Information Services, HO-09/HWIS

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002
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BHI-O 1647

Appendix B - Borehole Log Sheets Rev. 0

Page: ii of 13
BOREHOLE LOG Date: 9/ 0 2

Well ID: C 3 2 6 WellName: 2? -El7 -22 Location: S 4 PutreX -20_Ecsl
Project: CY 2002 TLA AJ Drif/iq Reference Measuring Point: 6ro d Sttr-a e

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification Depth of Casing, Drilling
t o) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Sampler Size, ater Lel

3 1o

31o__

6r4- At

Cis5 I

Ive

- 4cli,'v

31 6 "'

32a- r r Ye

325Z

6
i-v / ?eile e y-( erzes

~ r eC, t',- "k let Ci i~ t~cek,

302 >354'. GRAVEL(G
2 - ? 5 grct v Ie 5-2 so ___ Li_ _ _

3q' ': elHIt kca 4. b rV.k t p ILsaci lrmcle- 5O Gra h- QI-c4,%ye

Gtve 19.Ie cog- Oulrwel- /070 S1.
c-Wel, 30?0 V. CSC e 0~o cSe, 30 'o

V . eA V. FiancMP t.'ec-T l rcy 5 efy y Co&V 3 1:

-p o~ ly sc,t vfi& grh,-4el qr <a s

-- lo'- QrCL e

Air loi ,i, 4orw c - ow, F eraMk k

(sf , &// , ) yeI 7 32':Grc/
I've

(&Wes &FI10 cY cow in

12 icctcse / 5.,+. ik 5YI/ -
RV, G v l0?c, t, F v ;,-p1 s5*io . __

32s/: 6rai-

Reported By: ).D Walket- Reviewed By: tt(

Title: G c d c,;s' Title: & ,L67 1 i1 D
Signature: Date: -f-10 -O Signature: Date

Original to: Document and Information Services, H1-09/HWIS

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation
June 2002 B-1I

eseJ~ e4~ft, 9"



BHI-0 1647

Appendix B - Borehole Log Sheets Rev. 0

Page:j 2 of 13
BOREHOLE LOG Date:

Well ID: C 3 R 2 Well Name: .2q- F/7- 22 Location: S C4 c f P(f / 2c0-> E's4
Project: C Y Q-C 1LA ( b , Reference Measuring Point: G

Sample Sample Description Comments:

Dept GrahicDepth of Casing, Drilling
D Type & Blows & Graphic Group Name, Grain Size Distribution, Soil Classification, Method, Method of

No. Recovery Color, Moisture Content, Sorting, Angularity, Mineralogy, Driving Sampling Tool
Maximum Particle Size, Reaction to HCL Sampler Size, Water Level

Samle Sie WaerLee

33

39C--

35

GA/4VEL 6 e, ;vt
PNes / I q hi M r 1-

i " x( (. 1L ci /
r,~) C.,.

9 35 - 90 7 crqVe S , CV,5 Sx

6. 5_j4. &-vel 425% cild(e 33o 33o', 6er a, /

- cse pet. 252, cse e 207o ncd- 4r ar-ciYve

poyr-ly sot- 4co W: g- e SR&9 335 Gri: Ar-ckj

-_33S 3 'k SC& hiA ky c Se I/Z er J3.Y 6r-Qb- At 'Y P

h Ji C ehiehl I 4- '-h e c. g e ( __ LWI/ C*e1J/i. .ioe cti

~339r L' L 322,3 ba

-) rc e 1 M/a ! te 3Y~5: Gmt b-A,-re

3Y? -350' : ri It'lcP,' 5 1co1/e/ 45Q ra 6
- ArcAv

pas's-, L

C)

0

-J

(s c" 7 o7'2.(,xff -m ~
sifLL r M21i i -'nj Lr sovt~ 555 S

- A- ' , , -A On 51
Lc~f -H -li' ~4.4 1 ,_ _

Sa( is ed - h YD7076?z /2%o7 Lafli ci4-

Reported By: w 3 c -t Reviewed By: !!- 6  j4'% 5, v

Title: Ge o1 0 Title: ( e 
Signature: 10 /" Date: '--- 10-02 Signature: C Date:

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

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation
June 2002

Gr A VC
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B-12

5a-a Y.4- CS,

S ?Jo Inehe s - n . -c,--LI 6r. . _

3 2 f - 363 1 ' : S ndv (,-RAtjEL

:0

Gra

e

& ', )# m , -4



BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page:23 of -jj

BOREHOLE LOG Date:

Well ID: C 3 8 2 Well Name: Zqcl- E 7-22 Location: SLA) o1 pux 2Cr0 Ecs4-

Project: CY 2 0 Q TLAW ) Reference Measuring Point: Groujd

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.1 Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

ScdP rRAVEL G s)
As cfesc'tecp q~aye.

Th~ 363 ~

4-6~p --t w~c e- 3 2 2.

L, oe -f 3(62.S '

DI) u I

C12 wx L'

L~ Ccs~' _____________

NIX _ __

'~ C--,

- 1

____________________________ 'Ii __________

Reported By: L j). { A-// Reviewed By: C

Title: , eo/u /Title:
Signature: Date: Lf - / Signature: Date: [ c

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

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002

375

3 EQ

B-13
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'r t-) = 3 (3 ' b C I 1. r-q



BHI-0 1647

Appendix B - Borehole Log Sheets Rev. 0

Page: I of _L-_
BOREHOLE LOG Date: - 70

Well ID: C 3 827 Well Name: 2929- E I 7-23 Location: SW o Pc tr) Q I4 1 2ooF Fe ce

Project: CY 2()cO TLA/ ,-g / /Reference Measuring Point: d (
Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

_____ I ______ ____________________________________________ h
' /,5 :S- C /AVE

CVrc Sl'od rocck dt 1II Pori"'

F I

Dese/ nme~r-

~ 1/
r~. r/~

o ./g-+ / : Sv / SA / c

- j'j-S S"cc p do V. i ; 5A-A , a

4-9 4 1.

2A3/ A S)

y73/I ( ck S 1 . Ae _ _4__e_/

50,-fec 54 ; )L+, Ljeak ?C /-c, IS: 6 ?a enrc
S ze caCJc/ caAec 12cs

i-t - c < Vl e -. 5A 925

re (AH . 6ve~ - ye - e z' j r

6 , / ~ ce S~ _____

-&

5 -

20

9rciiej / o, Ie* dc-e es e ri-

Reported By: L Reviewed By:

Title: tp r Title: 6VO to 1 ,0-
Signature: Date: '-/7- og Signature Date:

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

BHI-EE-183 (02-20-2002)

B-14

A A-c

;4

C

Well Summary Report: 2002 ILA W Well Installation

June 2002

0 1



BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: __ of _L

BOREHOLE LOG IDate: /-f7-C)

Well ID: 3 2 - Well Name: 2 - E 17 -23 Location: 5 k/ 0 I ,, X c q 2CjE Fc4
Project: 2 / D t Reference Measuring Point: J ,

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy,of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

2q ( - 3 3 * SAA/ D

7 1 'L -1- S41 V. jLk 4 A -54sk

The e I-h 0w7hrc
9'W A"__ LIcasn

.1 -7 a :60k -C - ,v'
Sqc 2CO? V-.CSc s Tc'7 csei , ___- _ _ _

sI - v / q '3se - (;M Ii d _ _ _ _

qL -s)2 S ~ _ d ' Isv4e

SQ 11 -- a~ pebpteeb- p e

U4 r

SANT) -~ , '/aj t:' aLo1A

3C0

35

SO_

Reported By- D. [ //- Reviewed By: C5 kft
Title: tol i,'s 4- Title:

Signature: i A//Date: 4 -7-02 Signature Date / a-
Original to: Document and Information Services, HO-09/HWIS

7

BHI-EE-1 83 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002
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BHI-01647

Rev. 0

Page: 3 of 13
BOREHOLE LOG Date: -L 7 - -

WellID: C 3S 27 WellName: 29c7-E/7-2 Location: S'g Puegr- / ZoOE reCc
Project: C Y 2oo2 T LA) D-0h*K IReference Measuring Point: tUV t

Sample Sample Description Comments:

Dept GrahicDepth of Casing, DrillingDepth Graphic Group Name, Grain Size Distribution, Soil Classification, Method, Method of(Ft N Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, mpling ooNo. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

4r t r "ir , I . f0jr-t'. S',4 -- cI .
9~ i~, (

ss5

Reported By: /., b, / Reviewed By: 4 lalA

Title: - Title: & eo ),
Signature: Date: 1{-17,a2 Signature: (V 021 Date: "
Original to: Document and Information Services, HO-09/HWIS

BHi-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

Appendix B - Borehole Log Sheets
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Ice -F OYR L I2 (1 f. ;r,4 5 .'

A -- Ay -, sit vwn.I # 2
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

BOREHOLE LOG
Page:__ of _3

Date: q7-0o

Well ID: C38'27 WellName: 29 - E/7-2 2 Location: S OF Pree cu' 2cE c
Project: CY 20c)2. IjL AJ Reference Measuring Point:

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
Ft. Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

SAIh ( .:;~ In C nVjW

V. Ft 1 Dg le , -0 7. kr caY ('k

cipeb SA~ frehuv bcox 2Uz

Sca 2L, V.Ct. 30 7. CSe 3020 ?0 -at, I've

C; 7, JQY9542siak L J
~l ~ ~ (c2,-#~,O ~Ll-A 2

~'3c7~ jc.sc~II
4ir wiico 1-'0~V ;-Ze 1.-

7 c)

Q;/t ' -6 '

C0b &rb- tj-c~l've

Sc~Ito - a 4-cc 4,,, __ __ __ _

B-17

Reported By: L. b Wt / /I . Reviewed By: ty-
Title: ( , S Title:

Signature: : Date: LI-17-02 Signature: Date:

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

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: 5. of 13
BOREHOLE LOG Date:

Well ID: 3 3 Well Name: 2cq-[ E j2 Location: SAf d 2avF

Project: C Y 2 vv-, ILA bt- i C iReference Measuring Point: (

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
Type& Bows Lo Grup NmeGrai Sie { Method, Method of(Ft.) Type& Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Driving Sampling Tool,

No. Recovery Maximum Particle Size, Reaction to HCL Sampler Size, Water Level

S 1,-4-

A4-4

Reported By: L , D.&aI / -e y Reviewed By: CZ5 L4 i
Title 6- ae4 Title: Daetce
Signature: TDate: Y/- 7- V>z Signature: IDate:

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

BHI-EE-183 (02-20-2002)

Suc S0 csz 7 s, 4l~ me a ' o6-o ~

SAND (S 10 A-3'rq

F . {i' p v 1 L~ Sa -i- sil __________

Ob~ei i V. I-iCNC . C C.i~f a ?_______e______

s 4- kc-s L7, rr// 7i-hp7- ja95c .24Yb-o y1e,

041 e , 4 v- 'c weQ tr Etc 1 13oe

-AMP -ed- C ' :54 -A

SAD

4 -ja , I c a -' F eLc =v P k f " & VT i

54-A 2Ca-3o 76 L4fU 7o-ktV7, C/ Q' 64r L,

L7-ge rvetic 1'ryk ox &e-I

I~r4,

150 T FAYie

Well Summary Report: 2002 ILA W Well Installation
June 2002 B-18

Arc



BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: 6 of 13
BOREHOLE LOG Date: L/1-S 0 2

Well ID: C 3327 Well Name: 2 - E17-23 Location: 5W oF Burex., 2)0VE Fehce&
Project: C \ 2 /j± L 0 W -"' Reference Measuring Point: G-o c nC 2 & r-6ce

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

7,
rCc

#7

Shoe

4*8

SL'.oe

sf e

S5i'

#10

-&, 6 r lY(

D,'e1e/ oLn.-&e

/AD 94E 5")~a a/

Y- ' C f S C5 -/cro 76 1.ac -5% C'V

j ) c3rYj vsi - S , itC41 S1 A, SPa, #7

2 0 -370 e ra/t mc. s'ze 7
3  

.k- I &LrI - cL LE

V..,:I '' S Q t5.5 1 5': S IC

S~~~~~~~~~~~ AN swe oaoeis~ .. ' p

Yt'i 4, v, i-v . #0

lRo* 'QrC'

SAND =S Z, Ir 17)'; rah Qr-rAX-Ile.

1qoc Sa'&,d, 4- /4_______

V 1% 1Q9 4 2 ( Ln.5 raV) cAk't, _________

3o9- H. 7n Y- , c'

h L-e d O g i r 4 1

Reported By: /-.. K Reviewed By: C 5 C-y. if C
Title: C , Title: -

Signature: ;d Date: t/- tg02 Signature: Date: Y/a
Original to: Document and Information Services, HO-09/HWIS

BHI-EE-1 83 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002

q5 2o
rec.

I 50i

170-

17 -

B-19

-

-

VVI&C2 sia#41-4 / SA -



BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: 7 of 13
BOREHOLE LOG tDate: a4X-oz

Well ID: C 382-7 Well Name: 222- E17 - 23 Location: S W cf R4r-e, ca 20CE Ieoce
Project: C Y 200.2 LA Wt r / Reference Measuring Point: gO1 SU--a

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(:t.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogup Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
M Sampler Size, Water Level

I V cX § AuP> (s s , L
Di'esc I Atm"

,q" L L, i Kr V Uve I

25%7 V. C e -s 35o -ed Yo %1 P-
\1Th. Ifi k wnN ,ci,4 co V A +/ 3. 5

s4b -c 4,,y,
Sl-~Kur k0 t+C)Vc

S '5. 41  Cck- 041- li(ly
Ix pe~ ppet' -c pce Ce

vey-y L(S)d 2 14-6crc~l

fA N _____________________________

_____ _____ ____ _____ ____ _____ ____ 2c, ' m A-a t-d"u'

I qo_~

ZOQ-

Reported By: L. b. Wr Reviewed By: ( 2.d 14,
Title: -f Title: 6 -ck h 1r
Signature: /4 [Date: q-S-oZ Signature:(' Date: /y/c"L

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

BHI-EE-1 83 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation
June 2002 B-20

s~I4
3 p~
#11

iimi, at~eve

+

C 41-

:G: 6-A Ai'vr



BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: _ of 13
BOREHOLE LOG Date:

Well ID: C 3 27 WellName: Qq7 E7- 23 Location: S W c > pc-tx cAtI 2VF Fance,
Project: Cy ) 0 J42 A ) I) Reference Measuring Point: ( £ C e

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

5f (4.

# 12

21C2__

2 ISffi

22%

22

2

23

6,-1 -A

rt C.

-

t~~~~ 3-r ' - b

2c, 7 v.cse- cse,

1c,7? . OY. b~\I~/ ( t , i's~a 4 , 210?: & s, S.p e-
c4y ; 'c- Well £o,4eId 54-Al For- 4c/ti

2 o-3c,? ~ ~ ~ ~ i Zc~f~ 7vy, 7fldspg'

2 ~ ~ ~ ~ i -a 22.5 23ebbewe 14z' G

So.25-(qi #/2 lv

2 2 -23 ~ -pbl jj- ~eL.~ ' '~

6 2 23: re C eY

ZIP
20.

2 I3t-J /' , (PAWF/ /'r&\

7q;'% c1-lqC (vt mcLe,?2 ?~~
~~~1

(e- V. Cie. r .Jc) r".c" 70A(-7X a,~ / 1
____________

237: 4- rk 4_ SAN

- 2(.:_ _4_SAID_______

Reported By: . ) a t Reviewed By:

Title: Gec'q./ Title: &$>e1:eci -

Signature: g o ' Date: 9-0j - Signature: Date:57 /X
Original to: Document and Information Services, HO-09/HWIS

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-21

C-~b-



BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: __9_ of 13

BOREHOLE LOG Date:

Well ID: C 332 '7 WellName: 2q - 7- 2-3 Location: S W o - Purx , o, 200E Fence /4e
Project: CY 2oc,2 ILAW / ch Reference Measuring Point: Groacn Srface

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft. Tye & low & Lg GoupMethod, Method ofNFt) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Driving Sampling Tool,No. Recovery Maximum Particle Size, Reaction to HCL Sampler Size, Water Level

14""A

6ro~ A~ ,'ye

5 -q ZT ****, - .

t>1'esec I M 'eI

It' , V (

Cr" c/ -/

Ge I .(it 240 Gp4  I q tA4 - t ?
j cy) drty noj/ well Steed, SA -4

_______2J# SO: & r

- 'A' __________

2,s5' (k-Q Qc Jl'eI5 7':Ga ~ 4 )

2 5 -51

2 k,2-

257 2 &0': 5A-I7 s w4A ~s2 ' peL.

6MI

2O 5 o arv 14 Loa- if I-Xi MC/ Io

26ys 68 :ScQcf GR VEL (s G 2u': ac-~rc cVe

q o Grave 1 , 55% So mf % f'-/
Grve( &- eqpeL: prV e Ik. bezscr1,A4
* .' n' Cp5oI ey i0  4e. ______________cf

t5rqVEI Size cd0eCecqe FreF 2bq 4, 2tR P+

Reported By: L D Reviewed By: C-5 L-a

Title: Title: Daee:0C 5t

Signature: (9Date: LJ-Jq-o; Slgnature:A-e- Date: 2W7r
rOriginal to: Document and Information Services, HO-09/HWIS

BHI-EE-183 (02-20-2002)

2r5-3oq.7 ,-,- - A.-V, . krI-4')

Well Summary Report: 2002 ILA W Well Installation
June 2002 B-22

--5 , 2 5 -7 ' : 6 m v v Ily S.4N V ( F S )

kA ('t(r
2 3 G 'rq , : S A/D (S-

sc';Up S"? A(. C 3 * . Y(),/. r C r- "? M 5 - _,J 9 9,26 -F&I

GoL-Ar



BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: _C of _3_

BOREHOLE LOG Date:

Wel lID: C 3' -7 ~ Well Name: 29?c - E 17 -.2 3 Location: Sk/ &-T PL re y , Oi 20DE -eocceA '

Project: C Y 200a LAW ) r/ d ILA Reference Measuring Point: Crod S4r-76ce

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy' Method, Method of

Maximum Particle Size, Reaction to HCL Sampler Size, Water Level

=G- c''Afv

4-A"- "ie

6rni~-A cA'pe

&d-A e

2 272': Grmvelly 3AND ("s)
20 .% 6rve I (v.Pk- ec e .,ntt Iv Lasoit M

- 'c70 S-e , (y c se T '3o7o a/L 7o/ L/ tI dQ A S/
4eI.SA- A)

-I

272'-+ ' : Skdy GRAVEL (s 4 ir oIcjtye
4 0 -S 5- ave, '-ooSAAsl

traove I ki9os4y A v-. F1 fe1,; 3i t.cLeA ':(27 rc

SA-A I-QveI - 4 5Q0, tQsQ

pyody so e ec gtenl' 1-x cl - occas.

2 31 &+ 2 ry'-RA V E k Gc
kv - Y , /0 ?o 4, &R4fEd

0 fw'h' &&~1~'4cXhredes Ig costIe lo LoL/c4 s': Cyc QtebV

- ZC Qi a I/ La dc 3 1_'_4__na__c_

5o- 55o Gravel, 4C? Sg, (, 5 iv 457O 2C?' CVi-n arcitvCe

k -s7 sitE 6 rnvel -/-r cothle,

l ect 6el 104e 1-V- 4 ___

o cse - omee<. to YR(A-S & 29':wCaa- y

C' O , SA-LE :2J' G - '-ec4uVe
20 -3c. I-adt, ,7 -st .

Reported By: L. . L{a I/e t Reviewed By: C':5 t/lb l; -V
Title: j , Title:

Signature: 9 Date: /- /9-0 Signature:C,..- Date:
Original to: Document and Information Services, HO-09/HWIS

BHI-EE-1 83 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002

270 -64 ve

27

2851

B-23

, Diese/ e e
q"lt"cw



BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page:_1_ of _L3_

BOREHOLE LOG Date: -/ -O

Well ID: C3 2 R 7 WellName: 2q, E/7-23 Location: S 4vtO PeX , ZcV F. Fekcej/A e
Project: C awZ TL AW ,.flReference Measuring Point: tv S

Sample Sample Description - Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft Type & Blows & Log Color, Moisture Content, Sorting, Anguarity, Mineralogy' Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL' Driving Sampling Tool,
M Sampler Size, Water Level

g6-a r'e30

315

32o

4 O 60/ , (00 S / ti eck MKI rwra k
30,:" J. PQco er/,COA/-r

Sctu kp predo czse.

60-707, GCAQ,-I, 30-'fO7, S-0, It Silt - cac 4
G0 -veJ cse -, Re R- S P, '107 L4x/

7 c v- xadr /cg e/pke,. Sci-0 Yae 2 -cse, 3, GrQ -c

-307, ase &

ScucQ c ds tpL-to ^-20 76 3 t- hv
* 3Qq 1  il rahj(,h ?scP'cIr co ~tk ________y_

it mle ISowes COI______

315: Gra arcx

3! 2'-- ':359 i GRAYEL 6
9rmve/ Y-20>7, , Sa-c0 16 - zo It

R(Lf Emime.Is I-kczofr' <p C" 1(y

CC'4t , 30%, v.cse p p

cf j teic~ Eh. Esue 2-170 fe, la-ZO 3-Zo : 6m 6 - r-,,v

2 : 'rdi. j, hs2 l r5 & / s i Wef

*LA kmore -('t ladc i'hiv4 t2 mal~oi

Reported By: Z . W' w Ike r Reviewed By: e t l l

Title: geo/o e Title: Ct rolwt5r

Signature: ,0: f,/ Date: L- 2l-o. Signature: Date: ! 1
Original to: Document and Information Services, HO-09/HWIS 7

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-24

;T7jAmi'

t)u*Cs I aWbeP
t> ese / hawne r -

SqhrA, GRMIEL I



BHI-0 1647

Appendix B - Borehole Log Sheets Rev. 0

Page:_lR of 13
BOREHOLE LOG Date: .

Well ID: C3327 WeliName: 2 q7- E/7-23 Location: 5 ) oP p oh E

Project: C- 2L0 C' I4 W // Reference Measuring Point: r

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No.________________________ Samplery Sie Waterng LeveltyinrloyMaximum Particle Size, Reaction to HCL Driving Sampling Tool,
1 -750Sampler Size, Water Level

&R / EL (G) s 4r Q40et

.?qos~.-
Wa it Ca'S;I

I:

C

C

Reported By: . 12. < /e t Reviewed By: (
Title: -s fTitle:
Signature: Date: q -25-2 Signature: Date: .3/$2
vrgina to: Document and uuuumauun Services, I-09-OWIS

BHI-EE-1 83 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation
June 2002

- C 4e

-,; 7

33

3LjO

3q-

350

355-

G he

B-25

9076 Grave / .Fo-~~~~~~~~~ ic GaV 02 s~j L :

3a t cdo- T"
SQ h CO I pj-e 0,2m 330"- 6r.g Sq

1I j W=-lI T t- arc

>4,IeiQ l'IO,.,, d_ tect'vep -_________3_

pc S Sric 4 rav e, q Si-l OL4_ 335 6 crc4,g
* &1ne 5 - Gtaved Cc u rOF

sF({ 4-5-, -sZ 6-ca e

-I~lA ral4tkfo3Yq4

Wa1C1-/1V,/= 33.5
3'- 3o 1 S pj C"ii _ ' pepea I-

W[W 2G 76

R /A\/E L s;-_aI t _ _ _

_r-_ -I- cr__ _ _ _

357-av C : C jnc L. c CP 6 Ve

10-20% 5<aA k,

A r e



BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: 13 of 13

BOREHOLE LOG Date: .. s
Well ID: C'_ 3 7 Well Name: 2 ?q - E 17-2 3 Location: S / pence p

Project: C Y 20t2 ILAW A 2Dr t Reference Measuring Point: s

Sample Sample Description Comments:

D Type & Blows & GrapLhc Group Name, Grain Size Distribution, Soil Classification, Depth od, enthoDrilling
No. Recovery Color, Moisture Content, Sorting, Angularity, Mineralogy, Driving Sampling ToolMaximum Particle Size, Reaction to HCL Sampler Size, Water Leve

/3L725. 372': ~'ow,-A, (PA I/Fl bA) D Ie f I

3 -"T % -,ve, S rn 6 VEs

lf0c.3e- cst el, 3o-q, a~ k~.

110 % , C3e-CS f e 3 i , PrG L c;,

I pc'orbi 1- Sred ,~ 5 k- R?. t, I* of (5: -
4 Cr!.V

9 ____v/__ ___(

370-37.21

T rD - 37 '

-. '.- -- -I

L S.

370. 6 r- Acl/V1

SThD.

Reported By: L . //f /ke Reviewed By: L
Title: eo/o,s / Title: (eJ 1e 0

Signature: 4/ Date: q-25-, Signature: Z (2ate 7/0-7
Original to: Document and Information Services, HO-09/HWIS

I

BHI-EE-t83 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002

c. 4 Ve3 70

375

38

385-

B-26

e

I
I've

r . 4 1, 'A9 - C 1Z &



Appendix B - Borehole Log Sheets

BOREHOLE LOG
Page: _ of _3

Da~t: 5 3-Dae -0 0,2
Well ID: ( 392e WellName: 2qq-E/ - 25 Location: 2 XEasi Sw aT Pcfrex
Project: CY 202 Reference Measuring Point: muhd SurPace

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling

( Re vey Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of
No. ry Maximum Particle Size, Reaction to HCL Driving Sampling Tool,

Sampler Size, Water Level

____ ____ ___ I __ _____ ____ _____ _____ ____ bede3 - I,....

3 
4

qrej k . 5 ?c,7o S , 6 o-'s7, &
Sad . 0*ed AD F~ ~ o'

/C2(i1, Smv l .5- 90o £,,.. & 3.- 3

.7 ' x " JL .Wo

{
, c ve

o r SAND (s.ew

to) tAo \ 6) Srv
I re 7 A .cl 77________Fr

5c __

IS

25

-

vW1 .d SA -f A
t(0 % 1,t3Cfr[( I,, n

r 4 C tI

': ~ ~

.L....~.

Reported By: L Loci aler Reviewed By: f1 L
Title: Geoo Title:

Signature: Date: 5-Io-o Signature: Date: 57( oz,

7 0 A 0

rgna to: ocument annom I,

BHI-EE-1 83 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002

BHI-01647
Rev. 0

'

( '-+ 3(4' . £H 54N Ss

1 30 csve - y 5-- a Su73 m -e 573 u
>J 7 C05 SC cs- cY. /re lly cP3,% F, -

.1

"44 Le ICQ

B-27

Ilx S ANP 4,) S

A 
I'K L-

o -+ 1.5 sbe( iroc < A-,-//

area, s 1,

t



BHI-0 1647

Rev. 0Appendix B - Borehole Log Sheets

Page: . _ of 13

BOREHOLE LOG Date: gco,
WeIl ID: C 3 a/ (0 WellName: 299- EI7 25 Location: .:?o) Ecs4 SW p ptex
Project: C Vf 2002 ILAW bl [ r~'k { Reference Measuring Point: Voc'nc Sf e

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
t.1) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy,of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

3 ~ i've

q0 -1 W Ye

C

S6i'qA#/, S,'I v YA-.- ~bA T;1,'ece~/ 1k~Vfr1F~0

oef & 44 f QcLILve

-- 2 0  5r-A N5i _
A-i-5r-ae z. -ds, 5-Jo/ 5-/oj i/

-" : A ,14

SC, -fi r mrcv 'cd~l cse Pe .

i - - -

Reported By: L.D. , /( , Reviewed By:

Title: C/C Title:

Signature: 9/;Y : Date: 5 loo Z Signature: Date:(7 g
Original to: Document and Information Services, HO-09/HWIS

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002

35-

So

55

B-28



BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: 3 of 13
BOREHOLE LOG Date: o

Well ID: ~ -392(. Well Name: 29?- E/7- -9 Location: ZDO El, S W of Ptcr e

Project: C~Y 20 oA ILA, D j Reference Measuring Point: (;V.ocjj, S,,t Q ce
Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

I\4 S SN/ ic 1a''icue ±"h " 4
etl f41 57 & SiIf w.all c2s('c-

Sa-cc >ned I cie; loYlY/. /c1k.

STA -A 307c teraf-. 707o 9r// ce

44e 4-, 4 CR YUa tAom H/

d~e,' 4 M~ ; c.eesKMCII/

_ _ 7_ _ A_ _ , _ _ __ l- _ _ _ _r_ _- arc v,'en

*/77c Cse 5O , V.sd k74 -F'1h

t (l 5'2 (''v .- s4 5t-o 1 si - 6I;

>od eI/ Sotred. S - A ; 3o7, LiJe/-

7o 7/z/Thd /r ;i &e c

2 - (1 nmm; mo-cP rp I/ SC. ________

___________________________________________________________________________________________________ I ___________________________________________

Reported By: Z' ). () /Q{ - Reviewed By

Title: Ceo[c , Title: O K
Signature: Date: 5-1 0-OQ Signature: I Date:

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

BHI-EE-183 (02-20-2002)

Well Summary Report; 2002 ILA W Well Installation

June 2002

C)

beee I

70-

? E

]

-

B-29



BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: 21 of _1_3

BOREHOLE LOG [Date: o
Well ID: r- 2 & Well Name: 292 - E 25- Location: 200 Ecs& , S W d Purex
Project: C y 2c'o -1 A W D (kq Reference Measuring Point: 6ronc S iAec

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(t. Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

sAln ( S5 )
(C0 5ahd , 4,

q c A e

qVrtI -V. ccc s o.b

;
Reported By: . -.k /Ke Reviewed By

Title: 6e, /o Title: Me(g 'S(

Signature: g:$2 Date: 5-[o-0,2, Signature Date: -

Original to: Document and Infonnation Services, 14-09IHWIS

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-30

95z

105

h|o__ 4 4

pe). S /a0t C_ _ se. /0 7 c se

3 0 7/. Ke,- 2 o 2. - F loYe s/ 0G-sg
- sbt.0c ,) o i S4-A -,d sore for orc t've
20-30% lescd'. 70--O02 ___e_

A /| 5j ( % - cc la1 il-s (lo! : Gsoi - r /

4 r, cc 5p- cf 5 '.i1 1"

PC ( - q'C 5 1'n4mc 1o loi f C(' N-~C

Lveq r-ci c

I)'.?-a Il,14cf



BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: of
BOREHOLE LOG fDte: 10o2

We IID: 3 .2 (o Well Name: 2q - 2 5 Location: 2ou E SLO OP Psr,-ex
Project: Cy L -A ") D // Reference Measuring Point: 6ronJ S

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy' Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL ' Driving Sampling Tool,
Sampler Size, Water Level

- S AND (S) s5 i~ 1' 41ov ("CX 6

Tr-cvel (v. pet)

pept appeayfce 0 ' its~ wa CP So~ea To- qf-cev

f A %, jasa/ 7o 7,>_ _ _ _ _

-b d-cr R S Ze -5 knm

4C I wea r.

( 35:

/ ,,a cy,

137 Sl0t *rl-urc3NL

Ifri

L1,4 0

14o/\/D A- ursi'f//
SA-M \ 5 tv, a~I-

- ov;c. q54otr7, .
Ee(f E§'J Cse 4.0 wiecQ IoyA'5b

SA-~ -307,, 61-11 7o%~ ___-4/__

*et ILc/_IA,_.~4 __ __ _ __

Reported By: c. Reviewed By: C L-
Title: / e o Title:

Signature: f/2 - Date: 5- 0-02 Signature:, Dateg7If(
Original to: Document and Information Services, HO-09/HWIS F - -

BHI-EE-183 (02-20-2002)

1~
G~b-4 

q~ I13c

I' 35~

Well Summary Report: 2002 ILA W Well Installation
June 2002 B-31

I f

Diesel Lang

ve



BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: G of ~3

BOREHOLE LOG Dat e: 5- /C-c.

WellID: C 39 .2 WellName: 239q-E/7- 25 Location: 2 2 E ' SW 0f NreC
Project: Cv 2 rLA / Reference Measuring Point: 6 5ca-kec

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
Ft. Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, rivethod, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Dmg Sampling Tool,

ISampler Size, Water Level
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q" 1 V (. " A.L4 /I

Reported By: L. ).-ta l - Reviewed By: 6-6 1 o-&--
Title: (; Title: ZW {
Signature: Date: 5-1-.2 Signature: Date:

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

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-32
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: 7 of _3

BOREHOLE LOG Date:

WeIllID: C 3 Well Name: 25?-E7 - 25 Location: 2cv E w P P
Project: C 2 1 A W Reference Measuring Point: C"OUid SCrfeC1o

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
No Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Driving Sampling Tool,No. Recovery Maximum Particle Size, Reaction to HCL Sampler Size, Water Level

2 C,

' 7
a K VI.

SAiv /V 5 '7"L ~

-
- -

Reported By: 4. b. (4a //<'e r- Reviewed By: C ( 6
Title: (5e o, o Title: r:i1

Signature: :Date: 7-I -o Signature: DateZ'/. o2-

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

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-33
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: _ of _ 3_
BOREHOLE LOG Date: 0- -)2

Well ID: C 3 ' ; Well Name: 2979- E l7 - 29 Location: 2-Yt: E, 5 W C'F P-ex
Project: CY a&202 ~ILAW b - 1h/ Reference Measuring Point 6rMUW- 5turFeCC

Sample. Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification;, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

0.~~.

eF~

SA/vr> is) sa*te 4 cny 9 ovc4
It% er s~b rec(6.m ee& wc-l cc s ,,

sl ioiH-3 aocd soj4eSQ; 5A - A > : r4,
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23~-~-- ~ :SA4,' L) 13.5 '--#'.2.0 Y_ __ _ __

(Ot[ Se - i'iOx I.,d t at

Reported By - . . Wa ke Reviewed By: 4n.5

Title: 9 e o 0 15 4. Title; &y- ( o ;

Signature: ,q Date: 5- /0-02 Signature: Date: 4 -
Original to: Document and Information Services, HO-09/HWIS

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-34
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: 2 of_3
BOREHOLE LOG Date: 5 I o -o'

Well ID: C 3 j Well Name: Z9q .. Location: 2CJ Cs c' pae
Project: C f '20t5;, ) LL)D b-, I i Reference Measuring Point:

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling(Ft) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of
No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,

Sampler Size, Water Level

A t-d
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.20-3n7- r.-..;-

2< e 5I Q A- A e oe : 1' G l c~

Got-r u e / t,5 L Soli P peY t g.$,.
511d "s cse 4 V.CSe. 5 r. csa

.02

25251 v
~ ~ 21( t M 0 I's

G4 :~ rcrv' l R- 54 pclclrly Sott3

IDY7 5A (C.s , r wn Y/ k eSl
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-5L 0PA toefl so___e__
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-- F~e vety weak qc. tkn.

Reported By: . 60c, //fe r Reviewed By:

Title: geo/o Title: &ro01 Lr
Signature: 7Date: -02 Signature: Date: / O

Original to: Document and Information Sevices, HO-09/HWIS

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-35



BHI-0 1647

Appendix B - Borehole Log Sheets Rev. 0

Page: 10 of 13
BOREHOLE LOG Date: - -02--)

Well ID: C32 Q( Wel] Name: 29?- E /7- 25 Location: 20o Eas t .5 W oF Pur ex
Project: C Z (C2 Z LA WlA Dt--jj _ I f Reference Measuring Point: 0h Sr~c

Sample ample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level
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Reported By: / ,. /a/c - Reviewed By: C57 LV/t4g CF
Title: 6ec < { Title: [o at~
Signature: r3/"/ Date: 5- 0-C Signature: CZ Date: [ A

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

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-36
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: _I1 of 13
BOREHOLE LOG Date: 5 (0 0?

WellID: C 3 Cf Well Name: 29? - E 17 - 2 5 Location: 2ov Esi SW OF Pc"e x
Project: ') ~LLAW f/Reference Measuring Point: 6mwr S

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

-300c'- r 4c

310
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.1 D' s
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Reported By: / - { (/f e t Reviewed By: 4. tV, .'

Title: 6 e to Title: g o
Signature: Date: 5 -13-o2. Signature: 6 te:
Original to: Document and Information Services, HO-09/HWIS

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-37
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: __L2_ of 1

BOREHOLE LOG Date: 5- -2
Well ID: C 3 9 - Well Name: 222 - E 17 - 2 5- Location: 20 &5-1 )O SW _ . Prt
Project: C 00Z I T W 4 p Reference Measuring Point: 'CrvC<ac SU4 mc

Sample ISample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft. Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level
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Reported By: . , 1V, L4/t Reviewed By: C

Title: 4er3r,- ' Title: .

Signature: /Date: 5-13-o: Signature: Da'te: 'Date

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

BHI-EE-1 83 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002
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BHI-O 1647

Appendix B - Borehole Log Sheets Rev. 0

Page: _13 of 13
BOREHOLE LOG Date: 9-l3-0:

Well ID: C 3 qf a (o JWell Name: -?C9' E 1 - 25 Location: 3L? 9 7
Project: C Y 200 (I/_AW D) I / Reference Measuring Point: 6'o~x Se ~ c

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(:tF Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
.Sampler Size, Water Level

3705

I

c~eeI

3&

I

SqwcA9i CRAVEL (sG
NAIcAel . '

(c'5 /

Grve/I 2O7 co /er (Several
Coles 5 -4 n)

-roe L ce

So70 *&C1

4o Cse fec ac'0 L-'0- V pe'I, __ 4ive
t <. 4w cse e pot iy sole&; -_k

r I RV-:s4's St SA-An9
sr~cP 7cr~c, g,/FeteQ. 7u% h;. e e

fr 1 'c6 . £ctie/ qo?, 6e.".t i-cz,

370 : 7iyc OIC - e 370': O as -z-c375

+ro" . Lecu A k

3T0o :vrve c k- Y'o 76 7 -i-- s3 _ _7 -' __ e Co I

__ _ '_ _ __ _ __ _ __k _ _ lA oel
74 FD cdsrIt

379 s44

T.D = :3 .5 1

I±Ve / ,s m2'7.2
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_________________________________________________________________________________ I __________________________________

Reported By: . . a 2/ - Reviewed By: L

Title: Geo Title:

Signature: Date: 5-/3-oZ Signature: Date: 2/7/mc)
Original to: Document and Information Services, H0-09/HWIS (7

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: _ of __3

BOREHOLE LOG Date: £- -_

Well ID: C 39 l WellName: 2 r9j--E17- -; Location: S W or Pha-tx; 4fl 2&E Fe ice
Project: C Y ( LAWIJ r d (f Reference Measuring Point: Gr

Sample / Sample Description Comments:
DphGraphic Depth of Casing, Drilling

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, ethod, thodno
. Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Driving Sampling Tool,

No. Recovery Maximum Particle Size, Reaction to HCL Sampler Size, Water Level
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2~'=Jq: 4-i- CC,f e
Reported By: ). a Ike i- Reviewed By: I(,

Title: 6 foc,,f Title: & { C6f

Signature: A / Date: 5- 1-02 Signature: Date: 5
Original to: Document and Information Services, H(J-09/HWIS

BHI-EE-1 83 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation
June 2002 B-40
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BHI-01647
Appendix B - Borehole Log Sheets Rev. 0

Page: _ of _3

BOREHOLE LOG Date: 5--o0

Well ID: C3828 Well Name: 29 - )q Location: sto{f P o 2ooE !Fetce k e

Project: (' Y 2m IL A W b t iii Reference Measuring Point: fre,

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,

m PSampler Size, Water Level
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Reported By: L t Ik // Reviewed By: L u .

Title: Title: 7. _ t

Signature: Date: 5--/2-OZ Signature: - Date: /
Original to: Document and Information Services, HO-09/HWIS 117

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-41
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BHI-O 1647

Appendix B - Borehole Log Sheets Rev. 0

Page: 3 of _

BOREHOLE LOG Date: S -0
Well ID: C 3 8 Well Name: 2 .. E 17 2 Location: Sw o Pre y 1 .Zcv E
Project: C Y -aT-. bjIj Reference Measuring Point

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level
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# 2

Reported By: A Wa Ke - Reviewed By:

Title: (e10 q 3 Title:

Signature: ;Date: 5- - 2 Signature: Date: (6/7L
Original to: Document and Information Services, HO-09/HWIS /

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: of j3_
BOREHOLE LOG Date: 5.j

Well ID: C3 WellName: 2 - E /-a Location: S P E e
Project: C Y 2oo IL// Reference Measuring Point:

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level
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S/4A/n (S)
5 -1 Sesw l9
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F

S - 4 4- .- '-'-*- -

Reported By: Reviewed By: [

Title: G 0 9 Title: {
Signature: ~ Date: 5- 1- 0 Signature: Date: -/ a
Original to: Document and Information Services, HO-09/HWIS If

BHI-EE-1 83 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002
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Appendix B - Borehole Log Sheets

Page: 5 of 13

BOREHOLE LOG Date: 5/g
Well ID: C Well Name: 2 9? - E - Location: * 7 of P2 / 1 .E pen
Project: C 'f Z O2Z ZT LAAJ Dr-41 11' Reference Measuring Point: GroUnd Se1 C6

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

____ ___ ___ ___ ___ ____ ___ ___ ___ _ t0a,( cas,-t

- Va /y S/ /I ____e

Saki'd~ fA-Ln hplp-L Z ttry-( ,.- a i-c

SA -A q0%~ Lx~~ 
4 .,,1o C 07 - 1~

120

13 5--

-

Reported By: L , b. tdc? / t/(e- Reviewed By: C5-
Title: - eq g,>4 Title:

Signature: / Date: 5 -2- 2 Signature: -{ Date!7/ o-t--

SfA/\ND (S> ',,L., L-

Original to: Document and Information Services, HO-09/HWIS 1/

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation
June 2002

BHI-0 1647

Rev. 0
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BHI-01647

Rev. 0Appendix B - Borehole Log Sheets

IPage: 4 of 13
BOREHOLE LOG I Date: 5--2-C2

Well ID: C -M2 l WellName: 2 - F--2 Location: S k) oF PL4.tCX I cm 20CE Icnc

Project: Cy w2'G L b r) Reference Measuring Point: &ro hQ SurJqce
Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
11Sampler Size, Water Level
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o Y5|s A ) 2-n c, - 3cal 7 ,N . V |/ cc'sl'I

a t 50 r.- crc ivP

-i7 (Irw cd leis) 5Vi/ cIcy lcyeDs 153.5 I 8.0.': pl

Sro, A d n sim 4o l ISS Ao vcr, t' P 4ra.

SA/Vt) st"0 it 5'.14________

?Feego, -Fl S A: 207, RcQeL 0- #5 ?)AM/L

~~~h!~H cB .. 4 'cg (CI rmo w&4k 4- 1W A2'
*Cn - s i( F .,eje ' i d c '

I62.5 -+1 P./: l

S AVD 4 1- Ice , aicys-

107* Suq,4 itS,'5'.

Reported By: LD. kbIkei- Reviewed By CJi5
Title: 6 et Title:

Signature: $p Date: 7-2-02 Signature: Date: ' ( Ot'
Original to: Document and Information Services, HO-09/HWIS

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation
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B-45June 2002



BHI-O 1647

Appendix B - Borehole Log Sheets Rev. 0

Page:_ _7 of 13

BOREHOLE LOG IDate: S-Z-02

Well ID: 3 8 2 Well Name: 2qq El Location: SA) W f fcre , zV E Fed./i

Project: C YA Drdci' Reference Measuring Point: CM S4
Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
Ft. Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
m PSampler Size, Water Level

I gq,

3T;VI,

G~ 1.-

fe

SAA) - Si| N t rcc*,m ed. 'etspl brOc9 t ?if

t%

Reported By: L. D. La ke- Reviewed By:

Title: G e a Title:

Signature: - Date: 5-2-02 Signature: Date9 4cz
Original to: Document and. Information Services, HO-09/HWIS

BHI-EE-1 83 (02-20-2002),

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-46
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: _ _ of .1-3

BOREHOLE LOG Date: - O.

Well ID: C 3 9a X WeaName: 299 - E/7- ) y Location: s Wq C , rex 2CVE T e yce
Project: C ILAL -b Reference Measuring Point:

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
Ft. Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

2(0

215

225

23>

235

'Ce

Desel AwntmeA.

g" by 4fo <eI

~~,

51 4,ot'sf bna sce 4 -ASA 20- 307

6, /1-k 70-W0. Ulqe h e N- am 21(2" (9ML p
kock. t-X kK/- seze - ZnmFra -

5't.'?Icct 
4

yv ctbove ; cse ________

A A/ 7l). !mvel e 225: 6.-q
/I'r75 SncA A&CO-Cse) V-cse Ly

terr (Y d --- S 0 -7c Go Wc 5.q - 'A' q X 5 Z

*

Cve. k HCI m 1.2': Ih -dry

-239/ 2 37 1$ulyM~s
2,-30,> 6-vel', 70-75% S ), _S-_ 235_: _ _-Ard_

',ve I mied- v. ,n e A. SaerJ _______

qo-5o70 Lest/[ , SA-A . or.+t,

l'c c 4-o' SAN At

Reported By: /, D. W&a I Reviewed By:

Title: -co I o + Title: C a

Signature: Date: .5~2-0 Signature: --d Date: 7

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

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: 9 of 13

BOREHOLE LOG Date: 5- -

Well ID: C 38-2 Well Name: 27 - F/7-2 Location: S N o. P, r e n 2m 'E eo ce

Project: C 200 TLA Lv b 1 Reference Measuring Point: G -o

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Deth od, enthoDrilling
(Ft) e ow y & Color, Moisture Content, Sorting, Angularity, Mineralogy, Driving Sampling Tool,

No. Recovery Maximum Particle Size, Reaction to HCL Sampler Size, Water Level

1,.

237 '-+ 2YY9 S ANJ/ (s~ bov%-, sS
ecs - Cse I yet/ Oty

oce- we 0 / s cP. 54 -r ic, ; HC/ ari v. wcq, cos thg

2 q'-+ 2(o': So n\ L s _

qo CI':-40n- i

C,% 7p v. F pe 6 c S 50 y. cse,

o 7 cSe, Y V*C1 5. Ov e kctfL c o0.

1oYR R (S Lrow. Si Mes1 4

cA- M 13A sot ecI iS A qYo ia y 255 6t 6 - a'' c

_' n 1h, A\VEL - a ye/ _V. _ _

ILIt Sc, tid r cse 4o v. rce 2(o ' &t4 c

+I- is se. b0 2 . cs0 .

2 3'-> .2 7I'. _S S 2"s' ' 0 ,C

SCZc ,T Cse 4 . CSe. qt ~1 4

2qT

250

2 55

260

B-48

I__ _ L __ __. I =1L~ ' ''"v' ew d B : . -

Reported By: L. b. /,A Reviewed By: {al~r

Title: e o I Title: &Q C 00c- sKI

Signature: Date: 5-2-02 Signature: -. Date:>/ d 7.
Original to: Document and Information Services, HO-09/HWIS

BHI-EE-1 83 (02-2012002)

Well Summary Report: 2002 ILA W Well Installation

June 2002
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: 10 of 13

BOREHOLE LOG Date: 5--- C2
Well ID: C 3 9 Well Name: 29 - E17-2 Location: SW of parex on 2zF Fence
Project: C Y ;2'0 Lz IL /- Reference Measuring Point: 61-OCANt, surfacm

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling

No. Recovery L Color, Moisture Content, Sorting, Angularity, Mineralogy, Driving Sampling ToolMaximum Particle Size, Reaction to HCL Sampler Size, Water Level

6

!f ee

'C.

s*.

2(2', 277 : SAND

-cis sclrcA'. a2ove 75" Ly 6" cba

n,': 5-c4.y GR AVEL 27-s': 6mleca

277 '-.* 2;'' - SJ-4v SaA% CP A lFL

270

28

285

29 O

r'n f cr-L, e I E-5 Bc* 0 -sa4

U , - 4rp kr-p b ceo -

Reported By: /L..a Ie t- Reviewed By: (I 16

Title: 6 e L /, C Title: &Peul4)931
Signature: Date: 5- 3 - 02 Signature: Date: 13 -z

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

BHI-EE-1 83 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-49
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BHI-01647

Appendix B - Borehole Log Sheets Rev. 0

Page: __ of J3
BOREHOLE LOG [Date: 5-3-0R

Well ID: C3 8 2 8 WellName: 2 - E /7-2y Location: jS /o Putr" 2C.oE fece
Project: Cr 2.002. ILAW b) o iRfrnce Measuring Point: O C S

Sample &mple Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling

(Ft.) Ce ow r & olor, Moisture Content, Sorting, Angularity, Mineralogy, Driving Sampling Tool,
No. Recovery Maximum Particle Size, Reaction to HCL Sampler Size, Water Level

30~
tie

(f

(C

it

Thb'~oI W.o~.-

5,&Cenc GRA VE L (SS t L
stalaWal 4d a(ov 1'k as

75- Y 0 2, g rve 2 0 -. 2 % S2A4/

S S'-/l ., 6rw 4 cble 3cx : 61'- sobp f-
207" 5M. Col, 502  v.c Se - Cse pP( Ir arIcJe

Toa 0 ne CP- A'i p,, A. 70ne h 4n yh
vie; CA, Y "t s41 eq4 £ gr -I 3cs-' &rab- arc'.

S R ol, SA layidj Iz ! c

'30- V i e .5 bmsq( i I'll !3

hom ' m-ae

q-M td silt oC, " en ft 1'crmree 315/-. sra c

sii- /tyhl Ar<, w o A s /4C( rti

318 ' VEL 

aro . r, /rr ve /r /-/is 7" -S""C.-
$,|i Gtavef p(seo cse -V. cse pei

Iet (v. K ihc ecs e... 5

3S' ' GR AVE SiLG

Reported By: L. -. 1)aIke r- Reviewed By: e& (2 is

Title: 6eo(oQ,'S-( Title: & e
Signature: Date: S- 3- 0. Signature: Cj- Date: t7 /o

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

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-50
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BHI-O 1647

Appendix B - Borehole Log Sheets Rev. 0

Page:, 12 of _3

BOREHOLE LOG Date: - 3
Well ID: C 382 WellName: 25-E17Z -2I Location: oo P e 2XF QovE eli
Project: C\ 2c'o ULA W Reference Measuring Point: 6ro~ta S fe

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(Ft) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
Sampler Size, Water Level

l~A-c~ b-

le

y " '

I I V

33

35b

355-

0- 7C, 7, 6 - I I
4- - 5 Yn s;f b (Gtve1 207 c&641e. lfoy

4 L om

wal ((SI,-

y cse es 9oto Cse-Fi q e S
m ec - v. t

fi i-11 ' V~- 4c7 rc/R- I r- krL.,.5

SR - Scad 5A Gcw.e 2s7, La sa /L
7s-, g1Z#e/ Ic/e+e. S-,c4 335 1 _cL _ -

p.-ec~mc~ f T{2 io m 4C1 a.

SPY CRAVE L s
70? (r-avei., __ _ se_ _ 1P_ _ silt

5eud i-s fk ~ cmM o

_____________________________________ -3 3q5, 6
M 4rA~~

Sendy G R A / E s
757* 6,/ve / 5 . .scik/ sqkWmeq 3-50 QGrc

3 52i:dri -~eSe' 6es

0 ~~. 3S~wc 4e-- r-a e

Reported By: L L t, e I Reviewed By: (IG.
Title: ( eo/oc. [5 Title:

Signature: Date: 5- o,-c2 Signature: Date: w/ a-rt/
Original to: Document and Information Services, HO-09/HWIS

BHI-EE-183 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation

June 2002 B-51
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BHI-O 1647

Appendix B - Borehole Log Sheets Rev. 0

Page: 13 of _3-

BOREHOLE LOG Date:

WellID: C 3828 -Well Name: 2c - E/ 7 - 2 Location: SWOc P 0h .200L -TeI'sea'
Project: CY 2002 I D [ r 1 ii/ q Reference Measuring Point 5 tFlt

Sample Sample Description Comments:

Depth Graphic Group Name, Grain Size Distribution, Soil Classification, Depth of Casing, Drilling
(F.) Type & Blows & Log Color, Moisture Content, Sorting, Angularity, Mineralogy, Method, Method of

No. Recovery Maximum Particle Size, Reaction to HCL Driving Sampling Tool,
-j ______________________________________Sampler Size, Water Level

7~i~T~1cA ave I
75% 6t. . 2Si1. J 4,i. v;IL /-vI L.YC / lr/..-

I -__

V~~~ec~~~5Qmti ,# .j'c &:~rp Rsatcp I(o;
Pe 6.

"Lc ~C-0 o~ f [qco ) t- ,V

k-c 6R2AI'QP I' sJ- s 3 741 6M 6 -c i/V

3' U

370-

375-

37PcJ ne D-CSe 7o7: 6 , 770 6.e,(

TD = 3-3' Q1 30'
L{If/ 34U.3 '

Reported By: Z). e rReviewed By: , i & {
Title: i *p Title:

Signature: Date: 0- - 0.2 Signature: Date: t/bL-
Original to: Document and Information Services, HO-09/HWIS

BHI-EE-1 83 (02-20-2002)

Well Summary Report: 2002 ILA W Well Installation
June 2002

afe-ve I 4 ' I9. 'c, 4 ' lI I .257 1c
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BHI-01647

Rev. 0Appendix C - Well Development and Testing Data
WELL DEVELOPMENT AND TESTING DATA

Well Name: ZT-- E 17- 2A Well ID: C 3 9 2 , Well Location: SW P tx 12cv E Date: 5 /z I /

Reference Measuring Point (unless otherwise noted): GROUND LEVEL

Has the well been surveyed? ] Yes ( No Does the well have a cement pad? @ Yes [ No

PART1 PART4

STATIC WATER LEVEL: Last Recorded Current
Start of Job 32 5, 3 (/ Measurements Measurements
End of Job 3 ;S .-3 r Date: / ,' /( Date:

DEPTH TO BOTTOM: Tr ( C C'

Start of Job -

End of Job -3 G / q0

PART 2 A A'

WELL DEVELOPMENT DATA B B

Pump Model 16 30_-2 _ Ground Level

Intake Depth ce&.4/ p

Starting Turbidity ' 76 vr A = A'= 2. 3
Pump Start Stop Flow Rate B

0/ 13 0( 1i qp"
ogn L o _C C-= _1 Q_ k

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

Total Pumped PART 5

Final Turbidity Z_. I V 7-Q COMMENTS: EA/9=/A5U
Transducer Range (PSI) 10' /s; 11 k / - e y fg
PART 3 q/gP01 . , e t 4g-, q.9,2 Ng

INSTANTANEOUSSLUGTEST -eeL /ajva/ ' 31S-+3(o e&Ot, roc
Static Water Level (TOC) M- pw e--W ke 4-o 3:3 84
Transducer Depth -2. I" I - Pc. 1c q KO
Baseline Start t Z - 6 6Z At 7-"
Injection Start

Baseline Start A

Withdrawal Start

Slug Volume

Transduce rRange (PSI)

Prepared by (print name): A * { Ike Signature:

Reviewed by (print name): C J - Signature:

TO CHECK A BOX: Double click the box; select "Default Value - Checked"

BHI-EE-112 (12/97)

Well Summary Report: 2002 ILA W Well Installation

June 2002 C-1



C3826 First Pumping at 11 gpm and Recovery
(5/21/02)a

a
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BHI-0 1647

Rev. 0Appendix C - Well Development and Testing Data

0

Well Summary Report: 2002 ILA W Well Installation

June 2002 C-3

WELL DEVELOPMENT AND TESTING DATA
Well Name: 4t F 17  3 Wel lID: C 3 8 2 -7 Well Location: S W ; p /6i Date: 5 20-.

Reference Measuring Point (unless otherwise noted): GROUND LEVEL

Has the well been surveyed? [~] Yes No Does the well have a cement pad? Yes &LNO

PART I PART 4

STATIC WATER LEVEL: Last Recorded' Las RecrdedCurrent
Start of Job 3 3 5, E9 Measurements Measurements

End of Job 3 3 5-. 8. Date: 'yew tLv (I Date: - 2V/

DEPTH TO BOTTOM: T-0C. C C'

Start of Job 3 7 . 0
End of Job 373. O

PART 2 A

WELL DEVELOPMENT DATA B B'

Pump Model Ground Level

Intake Depth 3e (ee

Starting Turbidity ) (0vo A-q A = A'=j5' 2. -_ 5
Pump Start Stop Flow Rate B, G 5'

353 1q3(02
ft C)

1q5-3 /729 11se -

Are there any reference marks on tecasing strings? [~ Yes No

Toa upd 7,PART 5

F~inal Turbidity l.3YCOMMENTS: W, Id 11,r at4 O
Transducer Range (PSI) Ih 13: 1 - r- 1A,0 C
PART 3 17-412y.

INSTANTANEOUS SLUG TEST Rct 4'e u pa , A t k ke 1, -5 (rnC
Static Water Level (TOC)

Transducer Depth it 3q,
Baseline Start

Injection Start

Baseline Start

Withdrawal Start

Slug Volume

Transducer Ran (PSI)

Prepared by (print name): L b. k, ignature:

Reviewed by (print name): C5 Signature:

TO CHECK A BOX: Double click the box; select "Default Value - Checked"

BHI-EE-112 (12/97)



C3827 First Pumping at 12gpm and Recovery
(5/20/02)
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0

Well Summary Report: 2002 ILA W Well Installation

June 2002

BHI-O 1647

Appendix C - Well Development and Testing Data Rev. 0

WELL DEVELOPMENT AND TESTING DATA
Well Name: 2 i 15-i- 1- WellID: C- 3 1 Well Location: SW W 0 P r-x / II Date: 5 -2 oz

Reference Measuring Point (unless otherwise noted): GROUND LEVEL

Has the well been surveyed? L~ Yes No Does the well have a cement pad? 2] Yes [] No

PART1 PART4

STATIC WATER LEVEL: (-oc) Last Recorded Current
Start of Job 3 qo. Z ' Measurements Measurements

End of Job 3L/0. -. , Date: VA -/Ve We-w // Date:

DEPTH TO BOTTOM: C C'

Start of Job 3 . / -- -
End of Job 3 -4.

A A'
PART 2

WELL DEVELOPMENT DATA B B'

Pump Model f. 30 -Zq I I Ground Level IF

Intake Depth 30 (T, 355 c. ' 4 .

Starting Turbidity Ltu, I /Tq A= A'= 50
Pump Start Stop Flow Rate

C ___=___C_ B= ____________011L 7~3p It 3PM~

0251 0232 I- 12 r

Are there any reference marks onrh casing strings? Yes QQNo

Total Pumped ao /O / PA RT 5

Final Turbidity -f,3 2 COMMENTS: 5
Transducer Range (PSI) 10 yS 0 A(l WCCy1.ak

PART 3 -3y3 1-C e . c)
INSTANTANEOUS SLUG TEST 4t i's e-4o 35s)

Static Water Level (TOC) S 44 k, pfi , - e X
Transducer Depth -C,3. ocy 0 02C e 4
Baseline Start "-C. C? 50 c,4 i cAt
Injection Start /4 it -i 9. 3,z
Baseline Start

Withdrawal Start

Slug Volume

Transducer Rary/e (PSI)

Prepared by (print name): ) (fSignature:

Reviewed by (print name): r_ 5 , Signature:

TO CHECK A BOX: Double click the box; select 'Default Value - Checked"

BHI-EE-112 (12/97)

C-5



C3926 First Pumping at 11 gpm and Recovery
(5/20/02)
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SURVEY DATA REPORT SHEETS
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Rev. 0
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BHI-EE-202 (09/98)

Well Summary Report: 2002 ILA W Well Installation

June 2002

BHI-O 1647

Appendix D - Survey Data Report Sheets Rev. 0

WELL SURVEY DATA REPORT
ERC Project: 22192 Prepared By: Gary B. Wagner, P.L.S.

Company: Rogers Surveying, Inc.

Date Requested: April 11, 2002 Requestor: Robert Bone

Date of Survey: May 1, 2002 Surveyor: Rogers Surveying, Inc.

ERC Point of Contact: Mr. Robert Bone Survey Co. Point of Contact:
Gary B. Wagner, P.L.S.

Description of Work: Horizontal Datum: NAD83(91)

Twenty-five Wells in the 100K, 1 OD & Vertical Datun: NAVD88

200West (PFP) Areas of Hanford Units: Metric

Hanford Area Designation: 200E

Coordinate System: Washington State Plane Coordinates (South Zone)

Horizontal Control Monuments:
"PUG" & RSI GPS #36
Vertical Control Monuments:
EXISTING WELL BRASS CAP AT WELL B8500 (299-E17-21) PREVIOUS WELL
SURVEY DATA REPORT
Well Name Well ID Easting Northing Elevation

299-E17-22 C3826 574841.090 135195.537 Center of Casing

221.458 "X" on Rini

574841.067 135195.921 220.589 Brass Cap

Notes:

Surveyor Statement: Certification Seal

I, Gary B. Wagner, a professional land surveyor

registered in the state of Washington (Registration

No. 30440), hereby certify that this report is based

on afield survey performed in May, 2002 under

my direct supervision,and that the data contained

here is true and correct.
1 EXPIRES j 11

V

D-I



BHI-01647

Appendix D - Survey Data Report Sheets Rev. 0

WELL SURVEY DATA REPORT
ERC Project: 22192 Prepared By: Gary B. Wagner, P.L.S.

Company: Rogers Surveying, Inc.

Date Requested: April 11, 2002 Requestor: Robert Bone

Date of Survey: May 1, 2002 Surveyor: Rogers Surveying, Inc:

ERC Point of Contact: Mr. Robert Bone Survey Co. Point of Contact:
Gary B. Wagner, P.L.S.

Description of Work: Horizontal Datum: NAD83(91)

Twenty-five Wells in the IOOK, IOOD & Vertical Datum: NAVD88

200West (PFP) Areas of Hanford Units: Metric

Hanford Area Designation: 200E

Coordinate System: Washington State Plane Coordinates (South Zone)

Horizontal Control Monuments:
"PUG" & RSI GPS #36
Vertical Control Monuments:
EXISTING WELL BRASS CAP AT WELL B8500 (299-E17-21) PREVIOUS WELL
SURVEY DATA REPORT
Well Name Well ID Easting Northing Elevation

299-E1 7-23 C3827 574694.483 134842.439 Center of Casing

224.659 "X" on Rim

574694.485 134842.766 223.843 Brass Cap

Notes:

Surveyor Statement:

I, Gary B. Wagner, a professional land surveyor

registered in the state of Washington (Registration

No. 30440), hereby certify that this report is based

on afield survey performed in May, 2002 under

my direct supervision,and that the data contained

here is true and correct.

Certification Seal

XMRES

r

BHI-EE-202 (09/98)

Well Summary Report: 2002 ILA W Well Installation

June 2002 D-2
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BHI-01647

Appendix D - Survey Data Report Sheets Rev. 0

WELL SURVEY DATA REPORT
ERC Project: 22192 Prepared By: Gary B. Wagner, P.L.S.

Company: Rogers Surveying, Inc.

Date Requested: April 11, 2002 Requestor: Robert Bone

Date of Survey: May 1, 2002 Surveyor: Rogers Surveying, Inc.

ERC Point of Contact: Mr. Robert Bone Survey Co. Point of Contact:
Gary B. Wagner, P.L.S.

Description of Work: Horizontal Datum: NAD83(91)

Twenty-five Wells in the 100K, 1 00D & Vertical Datum: NAVD88

200West (PFP) Areas of Hanford Units: Metric

Hanford Area Designation: 200E

Coordinate System: Washington State Plane Coordinates (South Zone)

Horizontal Control Monuments:
"PUG" & RSI GPS #36
Vertical Control Monuments:
EXISTING WELL BRASS CAP AT WELL B8500 (299-E17-21) PREVIOUS WELL
SURVEY DATA REPORT
Well Name Well ID Easting Northing Elevation

299-E17-25 C3926 574515.185 134845.567 Center of Casing

225.791 "X" on Rim

574515.171 134845.913 225.028 Brass Cap

Notes:

Surveyor Statement: Certification Seal

I, Gary B. Wagner, a professional land surveyor

registered in the state of Washington (Registration

No. 30440), hereby certify that this report is based

on afield survey performed in May, 2002 under

my direct supervision, and that the data contained

here is true and correct.
EXPI~dM ,i uj

BHI-EE-202 (09/98)

Well Summary Report: 2002 ILA W Well Installation

June 2002 D-3



BHI-01647

Appendix D - Survey Data Report Sheets Rev. 0

WELL SURVEY DATA REPORT
ERC Project: 22192 Prepared By: Gary B. Wagner, P.L.S.

Company: Rogers Surveying, Inc.

Date Requested: April 11, 2002 Requestor: Robert Bone

Date of Survey: May 1, 2002 Surveyor: Rogers Surveying, Inc.

ERC Point of Contact: Mr. Robert Bone Survey Co. Point of Contact:
Gary B. Wagner, P.L.S.

Description of Work: Horizontal Datum: NAD83(91)

Twenty-five Wells in the OOK, I QOD & Vertical Datum: NAVD88

200West (PFP) Areas of Hanford Units: Metric

Hanford Area Designation: 200E

Coordinate System: Washington State Plane Coordinates (South Zone)

Horizontal Control Monuments:
"PUG" & RSI GPS #36
Vertical Control Monuments:
EXISTING WELL BRASS CAP AT WELL B8500 (299-E17-21) PREVIOUS WELL
SURVEY DATA REPORT
Well Name Well ID Easting Northing Elevation

ABANDONED C3828

574518.125 134845.545 224.801 BRASS CAP

Notes:
C3828 IS AN ABANDONED WELL WITH NO CASING.

Surveyor Statement: Certification Seal
I, Gary B. Wagner, a professional land surveyor
registered in the state of Washington (Registration

No. 30440), hereby certify that this report is based

on afield survey performed in May, 2002 under my

direct supervision,and that the data contained here

is true and correct.
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Appendix B

Description of Core from Borehole C3826

Depth Below Surface
(feet and inches) Description of Core from Borehole C3826

0' to 8' No core recovered.

8' to 9' 25% recovered-not opened. Moist, loose, no internal structure preserved. Medium- to
coarse-grained sand; 75% basalt and 25% felsic; subrounded to subangular; poorly sorted;
color 10YR5/2.

9'-10' 55% recovered. Slightly moist, loose, disturbed. (Opened previously for LBL oxygen
isotope study.) Coarse to medium-grained sand: 50% coarse, 40% medium-grained, 7%
fine-grained, 3% very coarse, with pebbles up to 0.4 in (diameter); well-cemented zone
1.2 to 1.6 in wide (previously wider?) in the middle of the core (at 9'6"); material above
this zone is also slightly cemented with CaCO 3; material below this zone is slightly more
moist, finer-grained, and shows only a moderate reaction to HCl; 40% basalt and 60%
felsic; subangular to subrounded; color 1OYR5/2.

10' to 11' 70% recovered. Dry, loose, disturbed. (Opened previously for LBL oxygen isotope
study.) Coarse to very coarse sand: 5-10% gravel, with rounded to subrounded pebbles
up to 1 in (diameter), 3 0% very coarse, 45% coarse, 15% medium-grained, trace of silt;
50% basalt and 50% felsic; subangular to angular; color 1OYR5/2.

11' to 12' 95% recovered. Moist, loose, undisturbed. Coarse-grained sand with minor silt, grains up
to 0.15 in (diameter); 50- 6 0% basalt and 4 0-50% felsic; subangular; fairly sorted; color
1OYR5/2.
At 11'7" is a 0.8-in--thick layer of silt and clay (possible soil?), separating coarse material
above from finer material below.

12' to 13' 50% recovered-not opened. Moist, loose, no internal structure preserved. Medium- to
coarse-grained sand; 50-70% basalt and 30-50% felsic; subrounded to subangular; poorly
sorted; color 10YR5/2.

13' to 14' 75% recovered. Dry, loose, disturbed. (Opened previously for LBL oxygen isotope
study.) Coarse- to medium-grained sand: 45% coarse, 45% medium- and fine-grained,
10% very coarse, with grains up to 0.16 in (diameter); 4 5% basalt and 55% felsic; angular
to subangular (large grains mostly angular); color 10YR5/2.

14' to 15' 95% recovered. Slightly moist, undisturbed, compact. Three color bands apparent. From
14' to 14'2": color band of medium- to coarse-grained sand; 50% basalt and 50% felsic;
subangular to subrounded; unsorted. From 14'2" to 14'7.5": fine- to medium-grained
sand; compacted, with graded bed fining upwards, each ~0. 8 in thick; subangular to
subrounded, well-sorted. At the base of this band is a very fine clay zone 0.08 in thick
that effervesces. From 14'7.5" to the bottom of the core: coarse sand, with grains up to
0.2 in (diameter); 60% basalt and 40% felsic; subangular; poorly sorted. Color 1OYR5/2.
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Depth Below Surface
(feet and inches) Description of Core from Borehole C3826

15' to 16' 95% recovered. Dry, slightly compact. Medium- to coarse-grained sand; 50% basalt and
50% felsic; subangular to subrounded; well-sorted; 1OYR5/2. Bands of fine- to medium-
grained sand are apparent, and spaced every 1 to 2 in. The most prominent bands are at
15'8" and 15'9". A fairly compact zone is found between 15'6.5" and 15'9.5".

16' to 17' 50% recovered. Dry, loose, disturbed. (Opened previously for LBL oxygen isotope
study.) Medium- to fine-grained sand: 55% fine-grained, 40% medium-grained, 5%
coarse, 2% very coarse, with grains of basalt up to 0.16 in (diameter); 30-35% basalt and
65-70% felsic; subangular to subrounded; 1OYR5/2.

17' to 18' 90 to 95% recovered. Dry, loose, undisturbed. Medium- to coarse-grained sand; 50%
basalt and 50% felsic; subangular to subrounded; well-sorted; 1OYR5/2. Pebble layers
~0.5 in thick are found at 17'2.5" and 17'5.5"; both are basalt-dominated, with pebbles up
to 1 in (diameter).

18' to 19' 90 to 95% recovered. Dry, uncompacted, slightly disturbed. Medium- to coarse-grained
sand; 50% basalt and 50% felsic; subangular to subrounded; well-sorted; 1OYR5/2.
Layers of coarser sand present.

19' to 20' 60% recovered. Dry, loose, disturbed. (Opened previously for LBL oxygen isotope
study.) Medium-grained sand: 75% medium-grained, 10% fine-grained, 10% coarse, 5%
very coarse, with granitic pebbles up to 0.1 in (diameter); 30 to 40% basalt and 60 to 70%
felsic; angular to subangular; moderately well-sorted; 1OYR5/2.

20' to 20'6" No recovery.

20'6" to 21'6" 3 0% recovered-not opened. Dry, loosely packed, internal structure not preserved.
Medium-grained sand, grains up to 0.15 in (diameter); 50% basalt and 50% felsic;
subrounded to subangular; color 10YR5/2.

21'6" to 22'6" 90% recovered. Dry, partially disturbed, uncompacted. Medium- to coarse-grained sand
with minor silt, grains up to 0.6 in (diameter); 50% basalt and 50% felsic; subangular to
subrounded; well-sorted; color 1OYR5/2. Some coherent silty nodules present.

22'6" to 23'6" 8 0% recovered. Dry, disturbed, loose. Medium-grained sand with some silt present; 50%
basalt and 50% felsic; subangular to subrounded; poorly sorted; color 1OYR5/2.

23'6" to 24'6" 90% recovered. Very slightly moist, loose, undisturbed. Medium- to coarse-grained sand,
grains up to 0.15 in (diameter); 50% basalt and 50% felsic; subangular to subrounded;
fairly well-sorted; color 1OYR5/2. Color band at 23'7" composed of a 0.4-in thick silt-
rich (up to 50% silt) layer; effervesces.

24'6" to 25' No recovery.

25' to 26' Partially recovered. Dry, loose, disturbed. (Opened previously for LBL oxygen isotope
study.) Medium- to coarse-grained sand: 58% coarse, 40% medium-grained, 2% very
coarse; 50% basalt and 50% felsic; subangular to angular; color 1OYR5/2.

26' to 27' 85% recovered. Dry, loose. Medium-grained sand with minor silt; 50% basalt and 50%
felsic; subangular to subrounded; poorly sorted; color 1OYR5/2.

27' to 28' 85-90% recovered. Dry, loose. Medium- to coarse-grained sand, grains up to 0.07 in
(diameter); 50% basalt and 50% felsic; subangular to subrounded; well-sorted; color
1OYR5/2. From 17'8.8" to 17'9.5" is a light color band that is finer (contains more silt)
than the rest of the core, and is not compact or coherent.
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Depth Below Surface
(feet and inches) Description of Core from Borehole C3826

28' to 29' Partially recovered. Dry, loose, disturbed. (Opened previously for LBL oxygen isotope
study.) Medium- to coarse-grained sand: 55% medium-grained, 40% coarse, ~2% very
coarse, ~2% fine-grained; 40% basalt and 60% felsic; subangular to angular; moderately
well-sorted; color 10YR5/2.

29' to 29'6" No recovery.

29'6" to 30'6" 80-85% recovered-not opened. Dry, loose, disturbed. Medium- to coarse-grained sand
with minor silt; subangular to subrounded; poorly sorted; color 1 OYR5/2.

30'6" to 31'6" 95% recovered. Dry, undisturbed, well-compacted. From 30'6" to 30'10": calcareous
zone, cemented, fine-grained silt to sand with sparse coarse sand, layered; paleosol? From
30'10" to 31'7.5": medium-grained sand with some coarse bands (apparent at 31' and
31'0.5"); 50% basalt and 50% felsic (fine-grained zones are more felsic); subangular to
subrounded; well-sorted. From 31'7.5" to 31'8.2": silt layer. Color 1OYR5/2

31'6" to 32'6" 100% recovered. Dry, but slightly moist in silty layers, relatively undisturbed. Medium-
to coarse-grained sand; 50% basalt and 50% felsic; well-sorted; color 10YR5/2. Coherent
layers of silt and sand are at 31'7.1", 31'8", 31'8.8" to 31'11.9", 32'0.5" to 21'1",
32'2.5", and 32'3.5". These layers are silty with sand, and are each ~0.4 in thick. Silty
layers are calcareous, as is silt along the core rim, and barely cemented.

32'6" to 33'6" 75% recovered. Dry, loose, disturbed. (Opened previously for LBL oxygen isotope
study.) Medium- to coarse-grained sand: 60% medium-grained, 35% coarse, 5% fine-
grained; 40% basalt and 60% felsic; subangular to angular; moderately well-sorted; color
1OYR5/2.

33'6" to 34' No recovery.

34' to 35' 8 5% recovered. Dry, loose, uncompacted. Coarse to very coarse sand: 3 0% very coarse,
60% coarse, 10% medium-grained; 50% basalt and 50% felsic; subangular to angular;
moderately well-sorted; color 10YR5/2.

35' to 36' 8 5% recovered. Dry, loose. Coarse sand: 10% very coarse, 8 0% coarse, 10% medium-
grained; 40% basalt and 60% felsic; moderately well-sorted; 1OYR5/2 color 1OYR5/2.

36' to 37' 90% recovered. Dry, very loose. Medium- to coarse-grained sand; 50% basalt and 50%
felsic; subangular to subrounded; well sorted; 1OYR5/2 color 1OYR5/2.

37' to 38' 8 5% recovered. Dry, loose, uncompacted. Medium- to coarse-grained sand; 50% basalt
and 50% felsic; subangular to subrounded; well-sorted; color 1OYR5/2.

38' to 39' 8 5% recovered. Dry, compacted. Fine- to medium-grained sand; 50% basalt and 50%
felsic; well sorted; IOYR5/. Numerous layers of CaCO 3-rich zones, from 0.1 to 1.5 in
wide. Color 10YR5/2

39' to 40' 90% recovered. Fairly compacted. Medium- to coarse-grained sand; 50% basalt and 50%
felsic; subangular to subrounded; well sorted. Layer of silt and CaCO 3 about 0.4 in thick
at 39'5.5" separating darker (more black and fresh?) material above from more brownish-
reddish (more clayey and weathered?) material below. Color 1 OYR5/2

40' to 41' 100% recovered. Intact, not disturbed, well compacted. Medium- to coarse-grained sand
with trace of silt; 50% basalt to 50% felsic; subangular to subrounded; well-sorted; color
1OYR5/2.
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Depth Below Surface
(feet and inches) Description of Core from Borehole C3826

41' to 42' 9 0% recovered. Very slightly moist, moderately compact in the middle of core. Medium-
to coarse-grained sand: 5% very coarse, 75% coarse, 20% medium-grained. Between top
of core and 41'3.1", disturbed and loose, mostly medium-grained sand; between 41'3.1"
and 41'6.7" is a fining-upwards sequence (mostly coarse sand between 41'3.1" and
41'4.7", and an obvious band of very coarse sand between 41'4.7" and 41'6.7", with
angular to subangular grains up to 0.2 in (diameter); between 41'6.7" and 41'10.6" is
another upwards-fining sequence, from medium-grained to medium- and coarse-grained
sand; core from 41'10.6" to the bottom is empty. 40 to 50% basalt and 50 to 60% felsic;
subangular to angular; moderately well-sorted; color 1 OYR5/2.

42' to 42'6" No recovery.

42'6" to 43'6" 60% recovered. Dry, loose, disturbed. (Opened previously for LBL oxygen isotope
study.) Medium- to coarse-grained sand: 30% coarse, 60% medium-grained, 10% very
coarse; 40 to 50% basalt and 50 to 60% felsic; subangular to angular; fairly well-sorted;
color 10YR5/2.

43'6" to 44'6" 9 0% recovered. Slightly moist, slightly compact. Coarse sand: 70% coarse, 2 0%
medium-grained, 10% very coarse; possible color bands ~1.2 to 1.6 in wide (upwards-
fining sequences from very coarse to medium-grained sand); distinct pebble layer between
43'11.7" and 44'0.6", with grains up to 0.24 in (diameter); 50% basalt and 50% felsic;
mostly angular, with some subangular grains; fairly well-sorted; color 1 OYR5/2.

44'6" to 47' No recovery.

47' to 48' 9 0% recovered. Slightly moist, slightly compact. Medium-to coarse-grained sand: 15%
very coarse (mainly in the upper half of core, with grains up to 0.1 in diameter), 35%
coarse, 50% medium-grained; 40 to 50% basalt and 50 to 60% felsic; angular to
subangular; fairly sorted; color 1OYR5/2.

48' to 49' 95% recovered. Compact. Medium-grained sand; 50% basalt and 50% felsic; subangular
to subrounded; well sorted; color 1OYR5/2. Silty CaCO 3-rich layer from 48'6.7" to
48'8.7".

49' to 50' 80% recovered. Very slightly moist, very slightly compact, disturbed. (Opened
previously for LBL oxygen isotope study.) Medium- to coarse-grained sand, with grains
up to 0.16 in (diameter); 50% basalt and 50% felsic; angular to subangular; moderately
sorted; color 1OYR5/2.

50' to 51' 95% recovered. Compact. Medium-grained sand, with basalt clasts up to 0.4 in
(diameter); 50% basalt and 50% felsic; subangular to subrounded; well-sorted; color
1OYR5/2. Some color banding, with basalt-rich layers appearing slightly darker.

51' to 58' No recovery.

58' to 59' 8 5% recovered. Loose, uncompacted. Medium-grained sand; 50% basalt and 50% felsic;
subangular to subrounded; well sorted; color 1 OYR5/2.

59' to 60' 90% recovered. Loose, uncompacted. Medium-grained sand; 50% basalt and 50% felsic;
subangular to subrounded; well-sorted; color 1 OYR5/2.

60' to 61' 8 5% recovered. Moderately compact. Medium-grained sand; 50% basalt and 50% felsic;
subangular to subrounded; well-sorted; color 1 OYR5/2. Color bands and fining-upward
sequences 0.4 to 0.8 in thick.

61' to 62' 9 0% recovered. Compact. Medium-grained sand; 50% basalt and 50% felsic; subangular
to subrounded; well-sorted; color 1 OYR5/2. Faint color banding.

62' to 664'6" Not opened, physical properties testing.
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Depth Below Surface
(feet and inches) Description of Core from Borehole C3826

64'6" to 65'6" 80% recovered. Slightly moist, slightly compact in middle of core, disturbed. (Opened
previously for LBL oxygen isotope study.) Fine- to medium-grained sand: 55% medium-
grained, 40% fine-grained, 5% coarse; 35 to 40% basalt and 60 to 65% felsic; subangular
to angular; well-sorted; color 1OYR5/2.

65'6" to 66'6" Not opened, physical properties testing.

66'6" to 67'6" 90% recovered. Loose, not compact. Medium- to coarse-grained sand; 50% basalt and
50% felsic; subangular to subrounded; well sorted; color 10YR5/2.

67'6" to 68' No recovery.

68' to 69' 8 5% recovered. Not compact. Medium-grained sand; 50% basalt and 50% felsic;
subangular to subrounded; well-sorted; color 10YR5/2. Contains CaCO 3-rich nodules up
to 0.8 in (diameter) between 68'2" and 68'4".

69' to 70' 85% recovered. Fairly compact. Between 69' and 69'4", medium-grained sand in 0.2-in-
thick bands; from 69'4" to 70' is medium- to coarse-grained sand; 50% basalt and 50%
felsic; subangular to subrounded; well-sorted; color 1OYR5/2.

70' to 71' 90% recovered. Dry, loose, uncompacted. Medium- to coarse-grained sand; 50% basalt
and 50% felsic; subangular to subrounded; well-sorted; color 1OYR5/2.

71' to 72' 90% recovered. Moderately compact. Medium- to coarse-grained sand; 50% basalt and
50% felsic; subangular to subrounded; well-sorted; color 1OYR5/2. From 71'7" to 71'9"
is a silty layer containing color bands ~0.4 in wide.

72' to 73' 8 5% recovered. Dry, loose. Medium- to coarse-grained sand; fine- to medium-grained
sand with silt between 72'10' and 73'; 50% basalt and 50% felsic; subangular to
subrounded; well-sorted; color 1OYR5/2.

73' to 74' 90% recovered. Moderately compacted. Paleosol? Medium- to fine-grained sand,
cemented with CaCO 3 between 73' and 73'4"; lower part of core is composed of medium-
to coarse-grained sand; 50% basalt and 50% felsic; subangular to subrounded; well-sorted;
color 10YR5/2.

74' to 75' 8 5% recovered. Loose, uncompacted. Medium- to coarse-grained sand; 50% basalt and
50% felsic; subangular to subrounded; well-sorted; color 1 OYR5/2.

75' to 76' 95% recovered. Fairly compact. Medium- to coarse-grained sand (mostly coarse), with
fining-upwards bands about 0.8 to 1.2 in wide; 50% basalt and 50% felsic; subangular to
subrounded; well-sorted; color 1OYR5/2.

76' to 76'6" No recovery.

76'6" to 77'6" 80% recovered. Uncompacted. Uppermost 2.5 in is empty; from 76'8.5" to 77'3" is
medium- to fine-grained, CaCO 3-cemented sand, poorly sorted; from 77'3" to the bottom
of the core is medium- to coarse-grained sand. All material is fairly well-sorted;
subangular to subrounded; color 1 OYR5/2.

77'6" to 78'6" 8 0% recovered. Dry, loose, disturbed. (Opened previously for LBL oxygen isotope
study.) Medium- to coarse-grained sand: 65% medium- to fine-grained; 35% coarse;
30% basalt and 70% felsic; angular to subangular; moderately sorted; color 1OYR5/2.

78'6" to 79'6" 95% recovered. Very compact. Medium- to coarse-grained sand, with bands of fining-
upwards sequences 1.2 to 1.6 in wide; 50% basalt and 50% felsic; subangular to
subrounded; well-sorted; color 1OYR5/2.
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Depth Below Surface
(feet and inches) Description of Core from Borehole C3826

79'6" to 80'6" 95% recovered. Well-compacted. Medium- to coarse-grained sand, with subtle fining-
upwards sequences ~0.8 in wide each; 50% basalt and 50% felsic; subangular to
subrounded; well-sorted; color 1OYR5/2.

80'6" to 96' No recovery.

96' to 97' 80% recovered. Slightly moist, uncompacted. Medium- to coarse-grained sand (mainly
medium-grained); subangular to subrounded; well-sorted; color 1 OYR5/2.

97' to 98' 8 5% recovered. Slightly moist, not compact. Medium- to fine-grained sand, with fining-
upward sequences about 1.2 in wide; 50% basalt and 50% felsic; subangular to
subrounded; well-sorted; color 1OYR5/2.

98' to 99' 8 5- 9 0% recovered. Dry, loose, disturbed. (Opened previously for LBL oxygen isotope
study.) Medium- to fine-grained sand: 50% medium, 50% fine; 40% basalt and 60%
felsic; angular to subangular; well-sorted; color 1OYR6/2.

99' to 100' 9 0% recovered. Moderately compact. Fine- to medium-grained sand between 99' and
99'8.7"; medium- to coarse-grained sand between 99'8.7" to 99'11.8"; 50% basalt and
50% felsic; subangular to subrounded; well-sorted; color 1 OYR5/2.

110' to 119' No recovery.

119' to 120' 90% recovered. Not compact. One large fining-upward sequence: medium-grained sand
in lower part, fine-grained sand in uppermost 2.4 in of core; 50% basalt and 50% felsic;
subangular to subrounded; well-sorted; color 1 OYR5/2.

120' to 121' 95-100% recovered. Medium-grained sand, with 0.8-in-wide fining-upwards bands

apparent; 50% basalt and 50% felsic; subangular to subrounded; well-sorted; 1OYR5/2.

121' to 122' 85% recovered. Dry, slightly compact, disturbed. (Opened previously for LBL oxygen
isotope study.) Fine to very fine sand, thin (<0.1 in wide) coherent layers visible between
121'2.4" and 121'8.3" of very fine-grained sand between darker, basalt-rich medium-
grained layers; 60% fine-grained, 40% medium-grained; very fine-grained loose sand
between 121'8.7" and 121'11"; lowermost 1 in of core empty; no HCl reaction; 4 5%
basalt and 55% felsic; well-sorted; color 10YR5/2.

122' to 123' 9 8 % recovered. Compact. From the top of the core to 122'0.6" is fine-grained sand; from
122'0.6" to 122'3.5" is very coarse sand with color banding; from 122'3.5" is a 0.08-in-
wide very fine clay layer, iron-stained at the top; from 122'3.5" to 122'10.2" is the top of
another fining-upwards sequence, medium-grained sand; from 122'10.2" to 122'11.8" is
coarse-grained sand at the bottom of this sequence; 50% basalt and 50% felsic; subangular
to subrounded; well-sorted; color 1OYR5/2.

123' to 149' No recovery.

149' to 150' 9 0% recovered. Slightly compact. Medium- to coarse-grained sand, with fining-upwards
sequences about 0.8 in wide; 50% basalt and 50% felsic; subangular to subrounded; well-
sorted; color 1OYR5/2. A transition from sand above to more silt below occurs at
149'10.2". Pebbles about 0.8 in (diameter) occur at 149'4".

150' to 151' 9 0% recovered. Well-compacted. Medium- to coarse-grained sand, some coarse basalt-
rich layers fining upwards in layers ~0.8 in wide; 50% basalt and 50% felsic; subangular
to subrounded; well-sorted. Color 1OYR5/2

151' to 152' 90% recovered. Dry, loose, disturbed. (Opened previously for LBL oxygen isotope
study.) Sand: 70% medium-grained, 30% fine-grained, coarse layer with grains up to
0.12 in (diameter) between 151'5.5" and 151'5.9"; 40% basalt and 60% felsic; subangular
to subrounded; moderately sorted; color 1OYR6/2.
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Depth Below Surface
(feet and inches) Description of Core from Borehole C3826

152' to 153' 90% recovered. Moderately compact. Medium- to fine-grained sand, with subtle fining-
upwards sequences ~3.5 in wide; subangular to subrounded; well-sorted; color 1OYR5/2.

153' to 163'6" No recovery.

163'6" to 164'6" 80% recovered. Loose, uncompacted, poorly consolidated. Medium- to fine-grained sand,
one fining-upwards sequence; 50% basalt and 50% felsic; subangular to subrounded; well-
sorted; color 10YR5/2.

164'6" to 165'6" 95 recovered. Compact. Medium- to fine-grained sand, with subtle upward-fining
sequences -2 in wide; 50% basalt and 50% felsic; subangular to subrounded; well-sorted;
color 10YR5/2.

165'6" to 166'6" 95% recovered. Compact. Fine- to medium-grained sand, with fining upward sequences
~3 in wide; 50% basalt and 50% felsic; subangular to subrounded; well-sorted; color
1OYR5/2.

166'6" to 167'6" 90% recovery. Moderately compact. Medium- to fine-grained sand; with fining upward
sequences -2 in wide; 50% basalt and 50% felsic; subangular to subrounded; well-sorted.
The zone between 167'2.5" and 167'2.9" is lined at the top and bottom by brownish silt
stringers <0.04 in wide. Color 1OYR5/2

167'6" to 168' No recovery.

168' to 169' 8 5% recovered. Compact. Mainly medium- to coarse-grained sand; at 168'4.7" is a
caliche zone -1. 1 in thick showing soft-sediment deformation, with a lobe protruding 3 to
7.5 in out of the band; at 168'10.6" is a 0.11-in-wide clay layer at the top of an upward-
fining sequence; fine sand between 168'10.6" to 168'11.8".

169' to 170' 98% recovered. Well-compacted. Medium- to fine-grained sand, one large fining-
upwards sequence; 50% basalt and 50% felsic; subangular to subrounded; well-sorted;
color 1OYR5/2. Contact between one fining-upwards sequence above and another below
at 169'10.6".

170' to 171' 95% recovered. Compact. Medium- to coarse-grained sand, with fining-upward
sequences 1-2 in wide; 50% basalt and 50% felsic; subangular to subrounded; well-sorted;
color 10YR5/2.

171' to 172'6" Not opened, physical properties testing.

172'6" to 173'6" 8 0% recovered. Loose, uncompacted, poorly consolidated. Coarse- to medium-grained
sand, mostly coarse, with pebbles up to 0.4 in (diameter) in a layer between 173'0.3" to
173'1.9"; subangular to subrounded; fairly sorted; color 1OYR5/2.

173'6" to 174'6" 95% recovered. Compact. Medium- to coarse-grained sand, with fining upwards
sequences (coarse to fine) each ~0.8 in wide; 50% basalt and 50% felsic; subangular to
subrounded; well-sorted; color 1OYR5/2.

174'6" to 175'6" 95% recovered. Well-compacted. Medium- to coarse-grained sand, with upward fining
sequences ~0.8 in wide; 50% basalt and 50% felsic; subangular to subrounded; well-
sorted; color 1OYR5/2.

175'6" to 176'6" 95% recovered. Compact. Medium- to coarse-grained sand, with color bands of upward-
fining sequences about 1.2 in wide; 50% basalt and 50% felsic; subangular to subrounded;
well-sorted; color 1OYR5/2.

176'6" to 179' No recovery.
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Depth Below Surface
(feet and inches) Description of Core from Borehole C3826

179' to 180' 90% recovered. Moist, moderately compact. Medium- to coarse-grained sand, with
fining-upwards sequences ~3.5 in wide; 50% basalt and 50% felsic; subangular to
subrounded; well-sorted; color 10YR5/2.

180' to 181' 95% recovered. Well-compacted. Medium- to coarse-grained sand, with upwards-fining
sequences 2 to 2.8 in wide; 50% basalt and 50% felsic; subangular to subrounded; well-
sorted; color 1OYR5/2. At 180'1.6" is a layer of clay ~0.04 in wide.

181' to 182' 90% recovered. Well-compacted. Medium- to coarse-grained sand, containing fining-
upwards sequences mostly ~1 in but up to 5.5 in wide, with 0.4-in-wide sequences within
the thicker bands; 50% basalt and 50% felsic; subangular to subrounded; well-sorted;
color 10YR5/2.

182' to 183' 8 5% recovered. Dry, loose, disturbed. (Opened previously for LBL oxygen isotope
study.) Sand: 75% medium- and fine-grained, 25% coarse; 40% basalt and 60% felsic;
subangular to subrounded; moderately well-sorted; color 1 OYR6/2.

183' to 219' No recovery.

219' to 220' 95% recovered. Moderately compact. Coarse- to very coarse-grained sand, with a pebbly
zone between 219'4.7" and 219'6.3" containing pebbles mainly of basalt up to 0.8 in
(diameter); 60% basalt and 40% felsic; subangular to subrounded; well-sorted; color
1OYR5/2.

220' to 221' 90% recovered. Compact. Medium- to very coarse-grained sand, with pebbles up to 0.4
in (diameter) and fining-upwards sequences ~3 in wide; 50% basalt and 50% felsic;
subangular to subrounded; well-sorted; color 1 OYR5/2.

221' to 222' 95% recovered. Compact. Coarse- to very coarse-grained sand, with clasts up to 0.8 in
(diameter); coarse basalt-rich bands and upward-fining sequences 2 to 2.5 in wide; 50%
basalt and 50% felsic; subangular to subrounded; well-sorted; color 1OYR5/2.
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Description of Core from Borehole C3827

Depth Below Surface
(feet and inches) Description of Core from Borehole C3827

0' to 53.5' No recovery.

53'6" to 54'6" 45% recovered. Moist, compact. Medium- to coarse-grained sand: 15% very coarse,
30% coarse, 60% medium-grained, with grains up to 0.1 in (diameter); 50% basalt and
50% felsic; angular to subangular; moderately well-sorted; color 1OYR5/2.

54'6" to 55'6" 95% recovered. Moist, compact. Medium- to coarse-grained sand, with upwards-fining
sequences ~0.8 in wide; 50% basalt and 50% felsic, subangular to subrounded; well-
sorted; color 1OYR5/2.

55'6" to 56'6" 100% recovered. Moist, compact. Medium- to coarse-grained sand with crude, subtle
upwards-fining sequences ~ 2 in wide; medium- to coarse-grained sand between 56'5.4"
and 56'5.8"; 50% basalt and 50% felsic; subangular to subrounded; well-sorted; color
1OYR5/2. A fine-grained sand to silt lens between 56'4.2" and 56'5.4" has a 0.04 in layer
of clay at the bottom and top.

56'6" to 57'6" 93% recovered. Moist, compact. Coarse sand from top of core to 56'7.8"; very coarse
sand between 56'7.8" and 56'11.5"' medium-grained sand between 56'11.5" and 57'0.3",
a dark band containing ~60% basalt; continued coarsening downward, from 57'0.3" to
57'5.8"; 50% basalt and 50% felsic; subangular to subrounded; well-sorted; color
1OYR5/2.

57'6" to 58' No recovery.

58' to 59' 95% recovered. Moist, moderately compact. Medium- to coarse-grained sand; 50%
basalt and 50% felsic; subangular to subrounded; well-sorted; color 10YR5/2.

59' to 60' 96% recovered. Moist, moderately compact. Medium- to coarse-grained sand; 50%
basalt and 50% felsic; subangular to subrounded; well-sorted; color 10YR5/2.

60' to 61' 99% recovered. Moist, compact. Medium-grained sand from the top of core to 60'6.7",
with color bands 0.8 to 1.2 in wide; coarse to very coarse sand between 60'6.7" and
60'9.4", with pebbles up to 0.8 in (diameter) at 60'9.4"; coarse sand between 60'9.4" and
bottom of core; 50% basalt and 50% felsic; subangular to subrounded; well-sorted; color
1OYR5/2.

61' to 62' 95% recovered. Slightly moist, compact. Medium- to coarse-grained sand, with upwards-
fining sequences (very coarse to medium-grained sand) ~2.8 in wide and pebbles up to 0.6
in (diameter); 50% basalt and 50% felsic; subangular to subrounded; well-sorted; color
1OYR5/2.

62' to 62'6" No recovery.

62'6" to 63'6" 95% recovered. Compact. Moist, medium-grained sand from top of core to 62'8";
bioturbated, calcareous paleosol, medium- to fine-grained between 62'8" and 62'11.9";
dry, coarse-grained sand with disseminated CaCO3 and pebbles up to 0.2 in (diameter)
between 62'11.9" and 63'5". Color 1OYR5/2.
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Depth Below Surface
(feet and inches) Description of Core from Borehole C3827

63'6" to 65'6" Not opened, physical properties testing.

65'6" to 66'6" 92% recovered. Moist, compact. Very coarse-grained sand from the top of core to
65'11.5"; coarse sand between 65'11.5" and the bottom of core; subangular to
subrounded; well-sorted; color 1OYR5/2.

66'6" to 76' No recovery.

76' to 77' 100 recovered. Moist, slightly compact (more compact near the bottom of core).
Medium- to coarse-grained sand, with faint color banding 0.8 to 1.2 in wide in the bottom
half of core; 50% basalt and 50% felsic; subangular to subrounded; well-sorted; color
10YR5/2.

77' to 78' 100% recovered. Moist, compact. Medium- to coarse-grained sand, with upwards-fining
sequences 1.2 to 2.8 in wide; a prominent upwards-fining sequence between 77'7.9" and
77'11.8"; 50% basalt and 50% felsic; subangular to subrounded; well-sorted; color
10YR5/2.

78' to 79' 100% recovered. Moist, compact. From the top of core to 78'3.5", coarse to very coarse
sand at the top to medium-grained sand at the bottom, with color bands ~0.4 in wide; from
78'3.5" to 78'5.3", a fine sand-silt band; from 78'5.3" to 78'9.1", coarse to very coarse
sand; from 78'9.1"to the bottom of core, coarse sand at the top to medium-grained sand at
the bottom, with a band of fine material at 78'9.4"; 50% basalt and 50% felsic; subangular
to subrounded; well-sorted; color 1OYR5/2.

79' to 80' 95% recovered. Moist, compact. Two prominent fining-upwards sequences: between
79'0.4" and 79'7.7", a sequence of medium- to fine-grained sand; between 79'7.7" and
79'11.8", a sequence of medium- to very fine-grained sand; color banding due to basalt
between 79'4.7" and 79'7.5"; 50% basalt and 50% felsic; subangular to subrounded; well-
sorted; color 1OYR5/2.

80' to 98' No recovery.

98' to 99' 95% recovered. Moist, coarse to very coarse sand from the top of core to 98'7"; drier,
medium- to coarse-grained sand fining upwards between 98'7" and the bottom of core;
50% basalt and 50% felsic; subangular to subrounded; well-sorted; color 1OYR5/2.

99' to 100' 100% recovered. Slightly moist, compact. Medium-grained sand; 50% basalt and 50%
felsic; subangular to subrounded; well-sorted; color 1OYR5/2.

100' to 101' 100% recovered. Slightly moist, compact. Fine- to coarse-grained sand, in one large
fining-upwards sequence; 50% basalt and 50% felsic; subangular to subrounded; well-
sorted; color 1OYR5/2.

101' to 102' 95% recovered. Slightly moist, well-compacted. Medium-to coarse-grained sand, with a
band of finer-grained sand between 101'7.5" and 101'8.7"; 50% basalt and 50% felsic;
subangular to subrounded; well-sorted; color 1 OYR5/2.

102' to 119' No recovery.

110' to 120' 100% recovered. Moist, compact. Medium- to coarse-grained sand, with the uppermost
2.8 in of core slightly more coarse, and containing color bands 1.5 to 2 in wide, probably
upwards-fining; 50% basalt and 50% felsic; subangular to subrounded; well-sorted; color
1OYR5/2.

120' to 121' 100% recovered. Slightly moist, compact. Medium- to coarse-grained sand, with color
bands ~0.8 in wide and subtle upwards-fining sequences(?); 50% basalt and 50% felsic;
subangular to subrounded; well-sorted; color 1 OYR5/2.

C.2



Depth Below Surface
(feet and inches) Description of Core from Borehole C3827

121' to 122' 100% recovered. Slightly moist, compact. Medium- to coarse-grained sand, with color
bands ~0.8 in wide and subtle upwards-fining sequences(?); 50% basalt and 50% felsic;
subangular to subrounded; well-sorted; color 1 OYR5/2.

122' to 123' 90% recovered. Slightly moist, compact. Medium- to coarse-grained sand, with color
bands ~0.8 in wide and subtle upwards-fining sequences(?); 50% basalt and 50% felsic;
subangular to subrounded; well-sorted; color 1 OYR5/2.

123' to 149' No recovery.

149' to 150' 93% recovered. Dry, slightly compact, fairly loose. Medium- to coarse-grained sand;
50% basalt and 50% felsic; subangular to subrounded; well-sorted; color 1OYR5/2.

150' to 151' 90% recovered. Dry, moderately compact. Medium-grained sand, with grains up to 0.2 in
(diameter); subangular to subrounded; well-sorted; color 1OYR5/2.

151' to 152' 90% recovered. Dry, moderately compact. Medium- to fine-grained sand, with upwards-
fining bands -1.2 in wide; 50% basalt and 50% felsic; subangular to subrounded; well-
sorted; color 1OYR5/2.

152' to 153' 90% recovered. Dry, moderately compact. Medium- to fine-grained sand; 50% basalt and
50% felsic; subangular to subrounded; well-sorted; color 1 OYR5/2.

153' to 153'6" No recovery.

153'6" to 154'6" 95% recovered. Moderately moist, uncompacted. Medium- to coarse-grained sand; 50%
basalt and 50% felsic; subangular to subrounded; well-sorted; color 10YR5/2.

154'6" to 155'6" 95% recovered. Dry, moderately compact. Medium- to coarse-grained sand from the top
of core to 154'11.5"; from 154'11.5" to the bottom of core, very coarse sand with pebbles
up to 1 in (diameter); most pebbles are found in a layer at 155'3.8"; 50% basalt and 50%
felsic; subangular to subrounded; well-sorted; color 1OYR5/2.

155'6" to 156'6" 95% recovered. Dry, slightly compact. Coarse sand with pebbles up to 0.4 in (diameter)
from the top of core to 155'11.5" ; medium- to coarse-grained sand between 155'11.5"
and 156'5.8"; pebbles up to 1.6 in (diameter) at 156'3.8"; 50% basalt and 50% felsic;
subangular to subrounded; well-sorted; color 1 OYR5/2.

156'6" to 157'6" 95% recovered. Dry, slightly compact. Fine- to medium-grained sand, with fining-
upwards sequences -1.2 in side; 50% basalt and 50% felsic; subangular to subrounded;
well-sorted; color 1OYR5/2.

157'6" to 158' No recovery.

158' to 159' 95% recovered. Dry, slightly compact. Uppermost 1.6 in of core is empty; fine-grained,
compact paleosol cemented with CaCO3 between 158'1.6" to 158'5.1"; less cemented
medium- to fine-grained sand between 158'5.1" and 158'8.7"; from 158'8.7" to the
bottom of core, slightly cemented, compact medium- to fine-grained sand; 50% basalt and
50% felsic; subangular to subrounded; well-sorted; color 1 OYR5/2.

159' to 160' 98% recovered. Moist, compact. Medium- to coarse-grained sand with upwards-fining
sequences 0.8 to 1.2 in wide; 50% basalt and 50% felsic; subangular to subrounded; well-
sorted; color 1OYR5/2.

160' to 161' 97% recovered. Dry, moderately compact. Medium- to fine-grained sand, with fining-
upwards sequences ~0.8 in wide; 50% basalt and 50% felsic; subangular to subrounded;
well-sorted; color 1OYR5/2.
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Depth Below Surface
(feet and inches) Description of Core from Borehole C3827

161' to 162' 96% recovered. Dry, slightly compact. Medium- to fine-grained sand, with fining-
upwards sequences (possibly fining-downwards?) 0.8 to 1.2 in wide; 50% basalt and 50%
felsic; subangular to subrounded; well-sorted; color 1OYR5/2.

162' to 162'6" No recovery.

162'6" to 163'6" 90-95% recovered. Dry, slightly compact. Fine- to medium-grained sand: 65% fine-
grained, 35% medium-grained, trace of coarse sand. From the top: to 162'8" down,
disturbed and loose; between 162'7.2" and 162'8" down, possible layer of well-cemented
(with CaCO3), fine- to very fine-grained sand, but mostly disturbed; between 162'8" and
163'0.9", mainly fine-grained sand with faint color bands 0.8 to 1.6 in wide; between
163'0.9" and 163'4.2", mainly medium-grained sand with faint color bands 0.4 to 0.8 in
wide; between 163'4.2" and bottom of core is disturbed and loose. 40% basalt and 60%
felsic; subangular to angular; well-sorted; slight HCl reaction; color 1 OYR6/2.

163'6" to 164'6" Not opened, physical properties testing.

164'6" to 165'6" 95% recovered. Dry, loose, uncompacted. Medium- to fine-grained sand; 50% basalt and
50% felsic; subangular to subrounded; well-sorted; color 1 OYR5/2.

165'6" to 166'6" 90% recovered. Dry, moderately compact. Fine-to medium-grained sand, with upwards-
fining sequences ~0.8 in wide; 50% basalt and 50% felsic; subangular to subrounded;
well-sorted; color 1OYR5/2.

166'6" to 179' No recovery.

179' to 180; 95% recovered. Dry, loose. Uppermost 1.2 in of core empty; coarse to very coarse sand
between 179'1.2" and 179'2.8"; very coarse sand between 179'2.8" and 179'6.5";
medium- to coarse-grained sand from 179'6.5" to bottom of core; pebbles up to 0.8 in
(diameter) in upper 6.5 in of core; 50% basalt and 50% felsic; subangular to subrounded;
well-sorted; color 1OYR5/2.

180' to 181' 98% recovered. Dry, compact. Medium- to coarse-grained sand, with color bands
(upwards-fining sequences) 0.8 to 1.2 in wide; 50% basalt and 50% felsic; subangular to
subrounded; well-sorted; color 1OYR5/2.

181' to 182' 96% recovered. Dry, well-compacted. Medium- to coarse-grained sand, with color bands
(upwards-fining sequences) 0.8 to 1.2 in wide; 50% basalt and 50% felsic; subangular to
subrounded; well-sorted; color 1OYR5/2.

182' to 183' 99% recovered. Dry, well-compacted. Medium- to coarse-grained sand, with color bands
(upwards-fining sequences) 0.8 to 1.2 in wide; 50% basalt and 50% felsic; subangular to
subrounded; well-sorted; color 1OYR5/2.

183' to 219' No recovery.

219' to 220' 75% recovered. Dry, not compact. Coarse to very coarse sand, with pebbles, mainly of
basalt, up to 0.8 in (diameter); 50% basalt and 50% felsic; subangular to subrounded;
well-sorted; color 1OYR5/2.

220' to 221' 96% recovered. Dry, compact. Uppermost 1.2 in of core is empty; between 220'1.2" to
220'6.3", very coarse sand; between 220'6.3" and 220'7.1", medium- to coarse-grained
sand; between 220'7.1" and bottom of core is coarse and very coarse sand; pebbles mostly
0.8 in (diameter) but up to 0.8 in; subtle color bands (fining-upwards sequences) ~1.2 in
wide throughout core; 50% basalt and 50% felsic; subangular to subrounded; well-sorted;
color 1OYR5/2.

221' to 222' 95-100% recovered-not opened.
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Depth Below Surface
(feet and inches) Description of Core from Borehole C3827

222' to 223' 85% recovered. Dry, moderately compact (especially in lower part of core). Uppermost
0.8 in of core is empty; between 222'0.8" and 222'6.3", very coarse sand, with pebbles up
to 0.8 in (diameter), containing a 0.2-in-wide medium-grained sand layer at 222'5.1";
between 222'6.3" and 222'10.6", medium- to coarse-grained sand; core is empty between
222'10.6" and the bottom; 50% basalt and 50% felsic; subangular to subrounded; well-
sorted; color 10YR5/2.
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Description of Core from Borehole C3828

Depth Below Surface
(feet and inches) Description of Core from Borehole C3828

0' to 53'6" No recovery.
53'6" to 55'6" 99% recovered. Moist, compact. Medium- to coarse-grained sand, with a 0.2-in-wide silt

band at 54'0.7" and subtle upwards-fining sequences ~1.2 in wide; 50% basalt and 50%
felsic; subangular to subrounded; well-sorted; color 1 OYR5/2.

55'6" to 57'6" 90% recovered. Moist, compact. Medium- to coarse-grained sand; 50% basalt and 50%
felsic; subangular to subrounded; well-sorted; color 10YR5/2.

57'6' to 58' No recovery.
58' to 60' 95% recovered. Moist, compact. Medium- to coarse-grained sand; 50% basalt and 50%

felsic; subangular to subrounded; well-sorted; color 1OYR5/2.
60' to 62'6" No recovery.
62'6" to 64'6" 97% recovered. Moist, compact. Medium- to coarse-grained sand, with subtle upwards-

fining sequences; 50% basalt and 50% felsic; well-sorted; color 10YR5/2.
64'6" to 65'6" 9 7% recovered. Moist, compact. Medium- to coarse-grained sand, with upwards-fining

sequences -1.1 in wide, scattered pebbles up to 0.8 in (diameter) and a silt layer 0.11 in
wide at 65'4"; 50% basalt and 50% felsic; subangular to subrounded; color 1OYR5/2.

65'6" to 153' No recovery.
153' to 155' 60% recovered. Moist. Empty between 153' and 153'9.4"; silt layer from 153'2" to

153'2.4" separating medium- to fine-grained sand below from medium- to coarse-grained
sand above; silt lens ~0.4 in wide at 153'11". Medium- to coarse-grained sand' 50% basalt
and 50% felsic; subangular to subrounded; well-sorted; color 1OYR5/2.

155' to 158' Not opened, physical properties testing. Sample interval 155'6" to 157'6" is compact and
contains a clastic dike, 1.2" wide and composed of very fine to fine-grained sand, cutting
through medium-grained sand that is 20% basaltic and 80% felsic (light-colored) on one
side and 50% basaltic and 50% felsic (dark-colored) on the other side of the dike.

158' to 160' 100% recovered. Moist, compact. Layered: 158' to 158'3.5", silt lens; 158'3.5" to
159'1.8", upwards-fining sequence; 159'1.8" to 159'3", banded layers of finer and coarser
material; 159'3" to 159'4.1", band of sand with fine-grained clay at the top and bottom;
159'4.1" to 159'8", upwards-fining sequence; 159'8" to 159'8.3", layer of clay at the top of
the lowermost upwards-fining sequence; 159'8.3" to the core bottom, fine- to medium-
grained sand. Color 1OYR5/2.

160' to 162' 9 6% recovered. Moist, compact. Medium- to coarse-grained sand, with a possible
paleosol between 161'5.7" and 161'9.7" 50% basalt and 50% felsic; subangular to
subrounded; well-sorted; color 1OYR5/2.

162' to 162'6" No recovery.
162'6" to 164'6" 100% recovered. Moist, compact. Medium-grained sand, with crude banding ~0.8 in

wide; 50% basalt and 50% felsic; subangular to subrounded; well-sorted; color 10YR5/2.
164'6" to 166'6" 9 6% recovered. Moist, compact. Medium- to fine-grained sand, with subtle upwards-

fining sequences; 50% basalt and 50% felsic; subangular to subrounded; well-sorted; color
1OYR5/2.

D.1



Appendix E

Summary of Spectral Gamma Logging
2002 Immobilized Low Activity Waste Well Installation



Appendix E

Summary of Spectral Gamma Logging
2002 Immobilized Low Activity Waste Well Installation

RG McCain
Stoller - Grand Junction Team

E.1 Introduction

High-resolution spectral gamma logging was performed in three boreholes (299-E 17-22, 299-E 17-23,
and 299-E 17-25) in the vicinity of the proposed site for the Immobilized Low Activity Waste (ILAW)
disposal site. High-resolution spectral gamma logging provides a total gamma log, as well the

distribution of naturally occurring radionuclides (40K, 238U, and 232Th). This information provides some
indication as to the nature of the surrounding sediments and is useful for stratigraphic correlation. In
addition, any man-made gamma-emitting radionuclides ( 13 7Cs, 0 Co, 152/154 EU, 235/238U) that may be present

can be identified and quantified.

E.2 Methods

The ILAW boreholes were logged by the spectral gamma logging system (SGLS), which uses a

cryogenically cooled high purity germanium (HPGe) detector with an intrinsic efficiency of
approximately 35 percent.

With the SGLS, gamma energy spectra are collected in "move-stop-acquire" mode where the detector
sonde is held stationary for each measurement and then moved a specified depth increment to the next

measurement point. For the ILAW boreholes, a depth increment of 1 ft was used. System gain is
adjusted as necessary to maintain a consistent channel relationship for a marker peak (typically the 40K

peak at 1461 keV). Typical count times were 200 seconds. Individual gamma energy spectra are recorded
using 4096 channels, where channel number is related to gamma energy level. Pre-run and post-run
verification measurements are made at the beginning and end of each logging day to provide the channel-

to-energy calibration and to assess system performance.

Evaluation of gamma energy spectra provides identification and quantification of naturally occurring
and man-made radionuclides on the basis of characteristic energy emissions associated with their decay.
Only gamma rays of sufficient energy to penetrate the steel borehole casing and sonde housing can be

detected by the SGLS. Radionuclides that emit one or more gamma rays at energies between about 150
and 2,800 keV are detectable with the SGLS. The minimum detection level (MDL) is dependent upon
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detector efficiency at the appropriate energy level, background activity, and the yield (gamma rays
emitted, on average, per decay). Factors such as casing, water, shielding, and the presence of other
radionuclides also have an effect. Tables E. 1 and E.2 summarize naturally occurring and man-made
radionuclides that can be detected with the SGLS. The terms "primary gamma ray" and "secondary

gamma ray" are used to differentiate between the more prominent gamma energy peaks and other, less
prominent peaks that may be useful for confirmation. The values indicated in bold are those generally
used to calculate concentrations.

Conventional gamma spectra analysis software is used to detect gamma energy peaks, identify the

source radionuclide, and determine the net count rate, counting error, and minimum detectable activity.
From the net count rate (P, cps) for a specific energy peak, the apparent concentration of the source
radionuclide (Ca, pCi/g) is determined by:

27.027
C,= xI(E)xDTCxKcxK,xKxK P,,

Y

where Y is the radionuclide yield, I(E) is the logging system calibration function, DTC is the dead time
correction, and Kc, Kw, and Ks are energy-dependent correction factors for casing, water, and shielding.
The calibration function, I(E), is unique for each combination of sonde and logging vehicle. Corrections
for dead time and shielding were not applicable to the ILAW data. Values of the calibration function are

updated annually and documented in calibration certificates and a calibration report (Koizumi 2002).
Concentration error and MDL are calculated from count error and minimum detectable activity using
similar equations. The reported concentration error is based on only the estimated counting error. No
effort is made to include the effects of errors in the calibration function or correction factors. These errors

Table E.1. Naturally Occurring Gamma-Emitting Radionuclides

Primary Gamma Rays Secondary Gamma Rays(a)
Radionuclide Daughter E (keV) Y () Daughter E (keV) Y(%

40K 1460.83 10.67
32Th 2 12Pb 238.63 43.30 228Ac 911.21 26.60

208TI 2614.53 35.64 228Ac 968.97 16.17
208T 583.19 30.36 228Ac 338.32 11.25

38 U(b) 2 1 4Bi 609.31 44.79 214Pb 295.21 18.50
24Pb 351.92 35.80 24Bi 1120.29 14.80
214Bi 1764.49 15.36

(a) Secondary gamma rays with yields less than 10% are not shown
(b) Attainment of secular equilibrium between 2 3 8U and 214Bi/214Pb requires long time periods

on the order of a million years. Activities of both 214 Bi and 214Pb are commonly assumed to
be equal to the activity of naturally occurring 238U. However, these radionuclides are short-
term daughter products of 222Rn, and accumulations of radon gas inside the casing may
temporarily elevate the decay activities of 214Bi/ 214Pb relative to the decay activity of 2 38U.
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Table E.2. Man-Made Gamma-Emitting Radionuclides

Primary Gamma Rays Secondary Gamma Rays

Radionuclide Half Life (Years) E (keV) Y (%) E (keV) Y (%)
6 0 Co 5.2714 1332.50 99.98

1173.24 99.90
106Ru 1.0238 511.86 20.40 621.93 9.93
2Sb 2.7582 427.88 29.60 600.60 17.86

635.95 11.31
463.37 10.49

126Sn1.E+5 414.50 86.00 666.10 86.00
694.80 82.56

"4Cs 2.062 604.70 97.56 795.85 85.44
"7Cs 30.07 661.66 85.10
12Eu 13.542 1408.01 20.87 121.78 28.42

344.28 26.58
"4Eu 8.593 1274.44 35.19 123.07 40.79

723.31 20.22
15Eu 4.7611 105.31 21.15
2 35U 7.038E+08 185.72 57.20 205.31 5.01
23 4mPa (23 8U(a)) 4.47E+09 1001.03 0.84 811.00 0.51

766.36 0.29
23924110 129.30 0.0063

375.05 0.0016
413.71 0.0015

24 1Am 432.2 59.54" 35.90 102.98 0.02
335.37 0.0005
368.05 0.0002
662.40 0.0004
772.01 0.0002

(a) 234
mPa is a short-term daughter of 23 U. Secular equilibrium is achieved relatively

quickly. Because of the relatively low gamma yield, this peak is not observed when
only background levels of naturally occurring 2 3'U are present. Hence, the presence of
gamma peaks associated with 234

mPa without corresponding peaks associated with 214 Pb
and 214Bi indicates the presence of chemically processed uranium.

(b) The 59.54-keV gamma ray may not be detectable in thick casing.

are discussed in the calibration report (Koizumi 2002). The term "apparent concentration" is used
because the calibration model is based on an effectively infinite, homogeneous distribution uniformly
distributed about the borehole axis.

The MDL for a radionuclide represents the lowest concentration at which the positive identification
of a gamma-ray peak for that radionuclide is statistically defensible. A description of the MDL
calculation is included in the data analysis manual (manual in revision).

On the Hanford Site, 137Cs is the most commonly detected man-made radionuclide. In routine

analysis, spectral regions of interest are "forced" for the 662-KeV peak associated with 17Cs, and an
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MDL is calculated for each depth, whether or not 137CS is actually detected. For other man-made

radionuclides, MDLs are calculated only when a photon energy peak is detected.

The MDL for 13Cs is typically about 0.2 pCi/g. The MDL differs slightly for each spectrum
depending upon count time, background activity and concentrations of other radionuclides at the data

point, as well as casing thickness. The MDL for 6 0 Co is about 0.1 pCi/g; the MDL for " 4Eu is
approximately 0.5 pCi/g; and the MDL for 23 8U is approximately 14 pCi/g.

Natural and man-made radionuclide concentrations, total gamma count rate, and dead time are plotted
as a function of depth. These plots are included in a Log Data Report that also summarizes borehole

construction details, logging conditions, analysis notes, and log plot notes, as well as a brief discussion of
results and interpretations.

E.3 Results

Log plots for the three ILAW boreholes are included as Figures E.1, E.2 and E.3. The borehole log
data were acquired inside a 4-inch diameter stainless steel casing with 0.125-inch wall thickness, which
had been installed in the 9-inch diameter borehole. The annular space between the casing and the
borehole wall was filled with granular bentonite. This completion method resulted in relatively poor
detection conditions for naturally occurring radionuclides. Gamma rays originating in the surrounding

formation are attenuated by the annular seal between the casing and the borehole wall, and there is
interference with gamma rays originating from natural radionuclides (particularly 40K) in the bentonite,
with the result that total gamma activity is somewhat reduced and the use of potassium, uranium and
thorium logs for stratigraphic correlation is impaired.

No man-made radionulcides were detected in the ILAW boreholes. Isolated occurrences of 137Cs at
the MDL are shown on the log plots, but these are the result of "forcing" a region of interest for the

661.62 KeV peak in each spectra. Examination of individual spectra in which 17Cs appeared to have
been detected failed to provide any evidence of an energy peak at 661.62 KeV. These isolated
occurrences are most likely the result of statistical fluctuations in the counting process and do not

represent credible contamination.

Some difficulties with equipment were encountered during logging. Logging activities began with
one SGLS (Gamma 2B) in borehole 299-E 17-22, but post-run verification spectra began to fall outside
the acceptance criteria. Verification spectra were examined and no immediate cause for the degradation

of performance could be determined. Experimental log runs were made with another sonde and it was
determined that the source of the problem was most likely in the logging cable or surface data collection
system. Repeat logging sections showed significant discrepancies in the 2 32Th concentration determined
from the 2614.53 KeV peak. Comparison of spectra indicated that there appeared to be a loss of
efficiency beginning at approximately 2000 KeV, and increasing with increasing energy level. All man-

made gamma-emitting radionuclides commonly encountered at Hanford are detected and quantified by
gamma rays with energies less than 1500 KeV. Therefore, the degradation of sensitivity experienced by
Gamma 2B does not appear to have a significant effect on detection and identification of man-made
radionuclides.
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Another SGLS (Gamma ID) was used to complete logging in 299-E17-22, and to collect data in
299-E17-23 and 299-E17-25.

E.4 Conclusions

Spectral gamma logging in three boreholes at the ILAW site provided plots of total gamma, 4K, 238U,

and 232Th as a function of depth. Except for a few scattered false positive indications of 137Cs, no
evidence of man-made gamma emitting radionuclides was detected. The annular seal of crushed
bentonite (or the sand pack) between the borehole casing and the borehole wall tended to obscure log

response, and the usefulness of the logs for stratigraphic correlation was somewhat limited.
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