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SUMMARY

Fort Lewis has been in operation since 1917, when the citizens of Pierce
County donated 77,320 acres of land to the Federal government for the estab-
lishment of a permanent military base. During the period of its operation,
the Fort has provided facilities for troop induction, training, embarkation,
and debarkation. The normal operation of this facility has included the dis-
posal of generated waste into Tandfill sites and disposal pits.

The information presented in this report was collected during Timited

site investigation activities conducted in the vicinity of Landfills 1 and 4
at Fort Lewis between April and December 1988. The purpose of this work was
to provide a means of detecting and evaluating the impacts of these inactive
Tandfills on ground-water quality and adjacent lands. This effort included
the design and construction of ground-water monitoring systems for compliance
with applicable Federal and State reguiations governing Resource Conservation
and Recovery Act (RCRA)-type landfills.

Landfill 1 operated as a trench cut-and-fill operation for the disposal
of sanitary solid waste unti]l at least late 1951. The 1andfill was then used
for surface dumping of construction rubble. MWaste materials exposed at the
surface include broken concrete, broken asphalt, and various types of wood.
Aerial photographs taken in 1951 appear to indicate that additional areas
were used for open-pit dumping (waste materials unknown), burning, and stor-
age. Unauthorized surface dumping of trash wood and paper, old asphalt
shingles, various automobile parts, and Christmas trees has also occurred.

Landfill 4 also operated as a trench cut-and-fill operation for the
disposal of sanitary solid waste unti) at least 1967. Four separate trench
areas were interpreted from aerial photographs of the site. Waste materials
exposed at the surface consisted of household waste, automobile parts, con-
struction rubble, tires, and various large metal objects. Surface dumping
of tree stumps and some unauthorized dumping have also occurred at this site.
This site has also been used for training of heavy equipment and military
vehicle operators.



Three principal activities were conducted during this limited site
investigation. The first activity involved 1) field reconnajssance of each
landfill, 2) visual inspection of monitoring wells and collection of watér
levels from the existing monitoring wells, and 3) personal interviews with
Fort Lewis Directorate of Engineering and Housing (DEH) employees concerning
the operational history and waste inventory of the landfills and with the
U.S. Army Corps of Engineers concerning aerial photographs and the hydrogeol-
ogy of the area. The second activity, conducted in July 1988, involved sur-
face geophysical surveys to determine the physical boundaries of Landfill 4.
A ground-penetrating radar unit, ground conductivity surveys, and metal
detector surveys were used to delineate the waste boundaries. The third
activity, conducted between August and October 1988, involved installing 10
new monitoring wells, remediating 8 existing wells installed in 1981 and
1984, and abandoning 1 existing {1981) well.

Boreholes for the 10 new wells were drilled using either cable-tool or
hollow-stem auger methods. Sediment samples were collected and classified in
the field throughout the drilling effort. Generally, the sediment from the
different boreholes consisted of sandy gravel to muddy sandy gravel with
minor layers of sand and clay. On completion of the drilling, eight of the
boreholes were logged using a gamma-ray (natural-gamma) geophysical probe.
Water-level data from Landfill 1 indicate that ground-water flow is toward
the northeast. Water-level data from Landfill 4 suggest that ground-water
flow is to the north away from Sequalitchew Lake.

Ground-water samples were coliected from both existing (1981 and 1984)
wells and the newly installed (1988) wells. Five field sampling events were
conducted commencing in Tate August 1988 and ending in mid-December 1988.

The analytical results from the water samples indicate that the ground water
in and around Landfill 1 contains limited contamination. Contaminants may
include volatile organic compounds and nitrate. The primary concern in the
area around Landfill 1 was the determination that ground water from two wells
may contain cis-1,2-dichloroethylene and 1,1,1-trichloroethylene above drink-
ing water standards. Nitrate Tevels in the downgradient wells were greater
than those in upgradient wells and exceeded drinking water standards in some
of the less-representative samples. Analyses of ground-water sampies from

jv



wells in and around Landfill 4 indicate several contaminants may be present.
These include volatile organic compounds (principally cis-1,2-dichloroethylene
and 1,1,1-trichloroethylene), coliform, o0il and grease, and perhaps some
metals {iron and magnesium). The primary concern in the area around Land-
fill 4 was the determination that ground water from five wells contained
cis-1,2-dichloroethylene and 1,1,1-trichloroethylene above drinking water
standards. The source of contaminants beneath either landfill cannot yet be

identified. Insufficient data exist to disprove or confirm either Tandfill
as possibie contributors.






SUMMARY . . . .
1.0 INTRODUCTION

CONTENTS

--------------------------

-------------------------

2.0 SITEBACKGROUND . . . . . . . . . . . . v v v v v v v v v v v
2.1 SITE LOCATION AND LAYOUT . . . . . . . o v v v v v v o o

2.2 GENERAL HISTORY . . . . . . . . . o v o v v v v v

2.3 AERIAL PHOTOGRAPHY AND SITE MAPS . . . . . . . . . .. ..

2.4 HISTORY OF LANDFILLS 1 AND 4 . . . . . . . « v v v v v .
2.4.1 Llandfil11 1 . . . . . oL oo 0

2.4.2 landfill 4 . . . . . . . o . .0 o o e

2.5 PERMIT AND REGULATORY HISTORY . . . . . . . . .. .. ..

3.0 ENVIRONMENTA
3.1 PHYSIOG
3.2 CLIMATE

LSETTING . . . . . . . . v v v v v v w v e s s .
RAPHY . . . . . . o o o e s s e e e e

ooooooooooooooooooooooooo

3.3 REGIONAL GEOLOGY . . . . . . . . . . . . . o oo oo .

3.3.1
3.3.2
3.4 REGIONA
3.4.1
3.4.2
3.5 WATER U
3.6 CRITICA
4.0 SITE INVESTI
4.1 LOCATIN
4.1.1

Kitsap Formation . . . . . . . . . . . .« . . ..
Vashon Drift . . . . . . . . 00 o o0 oL,
LHYDROLOGY . . . . . . . . . . o . v o v v v v o
Surface Water . . . . . . . . . . . .00 ...

Ground Water . . . . . . . . L . . . . e e e e

Ground-Penetrating Radar . . . . . . . . . . . ..

vii

L e W

(7%

[F1)

LS B FS ]

[Z5 B FL B i



5.0

4.2 INSTALLING MONITORING

------------------

4.2.1 Drilling Methods . . . . . . . .. ... ... ..

4.2.2 Geologic Sampl
Methods . . .

ing and Sediment Characterization

...................

4.2.3 Monitoring Well Construction . . . . .. .. . ..

4.2.4 Gamma-Ray Borehole Geophysical Logging . . . . . .

4.2.5 Water-Level Measurement . . . . . . . .. . . ..

4.2.6 Well Development Methods . . . . . . . . . .. ..

4.2.7 Surveying . .

ooooooooooooooooooo

4.3 REMEDIATING AND ABANDONING WELLS . . . . . . . . . . . ..

4.4 GROUND-WATER SAMPLING

------------------

4.4.1 August Sampling . . . . . . . . . ... .. ...

4.4.2 September Sampling . . . . . . . . . ... .. ..

4.4.3 Early October Sampiing . . . . . . . . . . .. ..

4.4.4 Late October Sampling . . . . . . . . . . . . ...

4.4.5 December Sampling . . . . . . . . . . . .. ...

4.5 ANALYZING GROUND-WATER SAMPLES . . . . . . . . . . . . ..

4.6 QUALITY ASSURANCE .
4.7 QUALITY CONTROL . .
EVALUATION OF LANDFILL 1

-------------------

...................

...................

5.1 LOCATION OF LANDFILL 1 BOUNDARIES . . . . . . . . . . ..

5.2 GEOLOGIC FRAMEWORK .
5.3 GROUND-WATER FLOW .
5.4 GROUND-WATER QUALITY

...................
-------------------

-------------------

viii

.11
13
.16
.16
A7
.18
.18
.19
.20
.22

.11
.15



5.5 EVALUATION OF THE MONITORING NETWORK . . . . . . . . . ..
6.0 EVALUATION OF LANDFILL 4 . . . . . . « o v v o v v v o v v o,
6.1 LOCATION OF LANDFILL 4 BOUNDARIES . . . . . . . . . ...
6.2 GEOLOGIC FRAMEWORK . . . . . . . . . . ..+ . o o
6.3 GROUND-WATER FLOW . . . . . . . . . ... o0 oo
6.4 GROUND-WATER QUALITY . . . . . . . . . o v v v v v v .,
6.5 EVALUATION OF THE MONITORING NETWORK . . . . . . . . . . .
7.0 CONCLUSIONS . . . . v & v o o e e e e e e e e e v s e e s
7.1 OVERALL SITE INVESTIGATION . . . . . . . . .. . ... ..
7.2 STATUS OF LANDFILL 1 . . . . . ¢ v v o v v v v v v v v v s
7.3 STATUS OF LANDFILL 4 . . . . . . . . v« o v v v v v v o
8.0 RECOMMENDATIONS . . . . . . . . . v v i o b v i o e e e e e e
8.0 REFERENCES . . . . . . . . . . o o o v v o bbb e o
APPENDIX A - RESULTS OF GEOPHYSICAL SURVEYS AT LANDFILL 4 . . . ..
APPENDIX B

WELL SPECIFICATIONS . . . . . . . . . v v v v v o v o,

APPENDIX C - PROCEDURE FOR COLLECTION OF SEDIMENT SAMPLES USING
HOLLOW STEM AUGER METHODS . . . . . . . . . . . . . ..

APPENDIX D - GEOLOGIC SAMPLING AND WELL CONSTRUCTION
DOCUMENTATION PROCEDURE . . . . . . . . . . . . . . ..

APPENDIX E - WELL COMPLETION REPORT, AS BUILT DIAGRAM, NATURAL-
GAMMA LOGS, AND DRILL LOGS OF THE NEW WELLS . . . . . .

APPENDIX F - MOISTURE CONTENT OF SEDIMENT SAMPLES . . . . . . . . .
APPENDIX G - WATER-LEVEL MEASUREMENT PROCEDURE . . . . . . . . . . .
APPENDIX H - WELL LOCATION AND ELEVATION SURVEY DATA . . . . . ..

APPENDIX I - DRILL LOGS OF EX1STING WELLS AT LANDFILL
SITESTAND 4 . . . . . . . . . o o v v vt e e s e

APPENDIX J - GROUND-WATER SAMPLE ANALYSES PROCEDURES . . . . . . . .
APPENDIX K - GROUND-WATER SAMPLE ANALYSES RESULTS . . . . . . . ..

ix

(=)} (=) (=)} (3] (23] (=} o
» » L] - * L] -






.1 Location Map of Fort Lewis . . . . . . . . . . . .. ..
.1 Location of Landfills 1 and 4 at Fort Lewis, Washington . .
.1 Location of the Tacoma Upland . . . . . . . . . . .. . . ...

.2 Location of Streams, Lakes, and Cultural Features Within the
Tacoma Upland and Adjacent Areas . . . . . . . . . « « + . « .

.3 Upper Stratigraphic Column for the Fort Lewis Area . . . . . .

.4 Regional Potentiometric Surface Map of the Uppermost
Unconfined Aquifer Beneath the Tacoma Upland . . . . . . . ..

.1 Ternary Diagram for Naming Sediments . . . . . . . . . . . ..

.2 Schematic Design of the Newly Installed Monitoring Wells
at Landfills 1 and 4 . . . . . . . . « . . . . .00 0 .

.1 Location of Landfill 1 Boundaries and Historical
Configurations . . . . . . . . . . . . o .o o e e

.2 Location of Monitoring Weils Around Landfil} 1 . . . . . . . .
Subsurface Correlation Chart of Well LFI-PNL1 . . . . . . . ..
Subsurface Correlation Chart of Well LF1-PNL2 . . . . . . . . .
.5 Subsurface Correlation Chart of Well LF1I-PNL3 . . . . . . . ..
.6 Subsurface Correlation Chart of Well LFI-PNL4 . . . . . . . ..
.7 Generalized Geologic Cross Section Through Landfill 1 . . . . .

.8 Water-Table Surface Beneath Landfill 1 as Interpreted from
Water Levels Measured on October 25, 19B8 . . . . . . . . . ..

.9 MWater-Table Surface Beneath Landfill 1 as Interpreted from
Water Levels Measured on December 14, 19B8 . . . . . . . . ..

.10 Generalized Ground-Water Flow Directions and Location of
Upgradient and Downgradient Wells at Landfill 1 . . . . . . ..

.1 Location of Surface Geophysical Surveys, Showing Location of
Suspected Waste Materials . . . . . . . . . . ... ... ...

.2 Boundaries and Configuration of Landfill 4. . . . . . . . . ..

xi

.10

.12

.13

.14



(=) ]

(o)} Lea) h L=
N . . N

o O O

.10
11

12

.13

.14

Location of Mohitoring Wells Around Landfill 4 . . . . . . ..
Subsurface Correlation Chart for Well LF4-PNL1 . . . . . . . .
Subsurface Correlation Chart for Well LF4-PNLZ . . . . . . ..
Subsurface Correlation Chart for Well LF4-PNL3 . . . . . . . .
Subsurface Correlation Chart for Well LF4-PNL4 . . . . . . . .
Subsurface Correlation Chart for Well LF4-PNLS . . . . . . . .
Subsurface Correlation Chart for Well LF4-PNL6 . . . . . . . .
Generalized Geologic Cross Section Through Landfill 4 . . . . .

Water-Table Map for Landfill 4 Based on Measurements Made
on October 31, 1988 . . . . . . . .« « . i e e e e

Water-Table Surface Beneath Landfill 4 as Interpreted from
Water Levels Measured on December 15, 1988 . . . . . . . . . .

Generalized Ground-Water Flow Directions and Location of
Upgradient and Downgradient Wells at Landfill 4 . . . . . . ..

TCE Concentration Ranges Based on Analyses of September
Through December Sampliing Events . . . . . . . . . . . . . . .

Xii

.10
L1
.12
.13

.14

.15

.17

.24



O S - O 1
2 T

TABLES

Aerial Photographs Available for Landfills 1 and 4 . . . . . .
Climatic and Stratigraphic Units in the Tacoma Upland . . . . .
Development Information for Wells at Landfill 1 . . . . . . ..
Development Information for Wells at Landfill1 4 . . . . . . ..
Landfill 1 Ground-Water Sampling History . . . . . . . . . ..
Landfill 4 Ground-Water Sampling History . . . . . . . . . ..

List of Analytical Methods Used on the Fort Lewis
Ground-Water Study . . . . . . . . . . .. oL ... 0000

Comparison of U.S. Geological Survey Standard Concentration
with Am Test, Inc., Results . . . . . . . . . . . . . ...

Comparison of the U.S. Geological Survey Standard
Concentration With PNL Results . . . . . . . . . . . . .. ..

Well Completion Data for Landfi¥11 1 . . . . . . . . . . .. ..
Water-Level Measurements from Landfill 1 . . . . . . .. . ..

Analytical Results of A1l Ground-Water Samples Collected
Near Landfi10 1 . . . . . .« o . o o L 0oL e s

Volatile Organic Compound Concentrations in A1l Ground-Water
Samples from Landfill 1 . . . . . . . . . . . . . .. o

Well Completion Data for Landfid1 4 . . . . . . . . . . . ...
Water-Level Summary for Wells Near Landfill 4 . . . . . . . . .

Analytical Results from Fort Lewis Ground-Water Wells at
Landfill 4 . . . . . . . . . e e e e e e e e e e e e e

Analytical Results for Volatile Organic Compounds at
Landfill 4 . . . . . . . . . e e e o e e e e e e e e

Xiii
































































































the surface protective casing were painted safety yellow, and an aluminum
cap and lock were attached to the top of the surface protective casing.

A field geologist documented the construction of each well on daily
drill logs, well completion inspection forms, and as-built diagrams. The
procedure used to collect and document drilling data is provided in Appen-
dix D. The well completion inspection forms, as-built diagrams, and daily
logs for each new (1988) well are presented in Appendix E.

4.2.4 Gamma-Ray Borehole Geophysical lLogging

Gamma-ray borehole geophysical logging was conducted when the borehole
reached maximum depth and before the well was compieted. There were two
exceptions to this: wel) LF4-PNL1 was logged after well completion, and well
LF4-PNL3 was not logged.

The boreholes were logged using a gross-gamma probe. This probe is
designed to measure the naturally occurring gamma radiation found in the
sediments in the borehole. This probe is most useful in identifying clay or
clay-rich zones that characteristically contain elevated concentrations of
natural gamma-emitting radioactive isotopes, such as potassium-40. Sand and
gravel, on the other hand, can be identified by a low natural-gamma response.
Results of the natural-gamma Tegging are useful in confirming the Tithologic
divisions identified by the well-site geologist and in identifying the loca-
tion of low-permeability (clay-rich) zones. The results of the natural-
gamma logging are presented with the as-built diagrams in Appendix E.

4.2.5 HWater-Level Measurement

Periodic water-level measurements were taken on all newly completed
(1988) and existing {(198]1 and 1984) wells on the same day. These measure-
ments were made in duplicate using either a steel tape or an electrical tape,
according to the PNL procedure (provided in Appendix G}. These measurements
can be found in the discussions on ground-water flow in the evaluation of
each landfill.
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4.2.6 HWell Development Methods

The new 2-in.-dia wells were developed using a 1-in.-dia dart bailer,
air-1ifting, and/or a HydroStar positive displacement pump (product of
Instrumentation Northwest, Incorporated, Redmond, Washington). The HydroStar
pump {(discharging at a rate of 3 to 5 gpm) proved to be the most effective in
developing these small-diameter wells,

The new 4-in.-dia wells and existing Landfill 4 (1981) wells were devel-
oped using a dart bailer and a 1/3-h.p. submersibie pump {discharging at a
rate of 10 to 12 gpm). A HydroStar pump was also used in well LF1-PNL3;
however, the low permeability sediments encountered by this well yielded too
little water to enable adequate development. The existing wells at Landfill
1 (1984} were not re-developed as part of this study because no subsurface
remediation was performed on these wells.

A1l new wells except LF1-PNL3 were developed until the turbidity of the
discharge water was visibly Tow or absent. This was determined by visually
examining water discharged into a clean white 5-gal bucket. Tables 4.1 and
4.2 provide a summary of the well development activities associated with each
well. These tables include information on the date the wells were structur-
ally compiete, the date well development started, the date it was completed,
the total number of saturated zone well volumes extracted during development,
and the final water quality description. Further discussion of well devel-

opment activities is provided in Section 4.4.

4,2.7 Surveying

Existing wells near Landfills 1 (1984 wells} and 4 (1981 wells} were
initially surveyed in 1988 and 1982, respectively. These surveys were con-
ducted by the Seattle District, U.S. Army Corps of Engineers, using the
Washington State coordinate system for horizontal control and the National
Geodetic Vertical Datum 1927 (NGVD 1927) for vertical control. Elevations
for the 1981 wells were surveyed to the top of the casing. Those for the
1984 wells were surveyed to a 2- by 2-ft wooden hub installed 2 ft from the
well. A1l horizontal locations were surveyed to the center of each casing.

4.8
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TABLE 4.1. Development Information for Wells at Landfill 1
WELL DEVELOPMENT HISTORY
Well Date Date Date Develpment | Total Well ’
Well Number |Diameter| Well | Development| Development Methods Volumes Final Water Quality
(in.} |Completed] Started Completed Used Removed
84-CD-LF-1* 4 11-05-84 NA NA NA NA NA
84-CD-LF-2* 4 10-31-84 NA NA NA NA NA
84-CD-LF-3* 4 11-09-84 NA NA NA NA NA
84-CD-LF-4* 4 11-15-84 NA NA NA NA NA
LF1-PNL1 2 08-19-88 | 08-25-88 12-13-80 Bailer 3N Slightly Turbid
Hydrostar
LF1-PNL2 2 08-19-88 | 08-17-88 09-08-88 | Istr. NW pump 287 Slightly Turbid
Bailer
Hydrostar
LF1-PNL3 4 08-25-88 08-24-88 ND Submersible 7 Very Turbid
Bailer (distiled water
Hydrostar added)
LF1-PNL4 4 09-01-88 08-31-88 09-08-88 Bailer 48 Clean
Submersible

* These wells were not re-developed as part of this study.
NA: Not Applicable.
ND: Not Adequately Developed.
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TABLE 4.2. Development Information for Wells at Landfill 4
WELL DEVELOPMENT HISTORY
Well
Date Total Well
Diameter Date Date Develpment
Well Number i) Completed Development | Development Methods Volumes | Final Water Quality Description
Started Completed Used Removed

LF4-1* 4 04-28-81 10-30-88 10-30-88 Bailer 80 Clear
Submersible

LF4-2* 4 04-29-81 10-30-88 10-30-88 Bailer 40 Clear
Submersibie

LF4-4* 4 05-01-81 10-30-88 10-30-88 Bailer 110 Ciear
Submersible

LF4-11* 4 05-12-81 10-30-88 10-30-88 Bailer 61 Clear
Submersible

LF4-PNL1 4 08-09-88 08-08-88 09-01-88 Bailer 218 Clear
Submersible

LF4-PNL2 2 08-09-88 08-23-88 09-07-88 Bailer 30 Clear
Hydrostar

LF4-PNL3 2 08-09-88 08-08-88 12-14-88 Air Lit 187 Clear

Bailed

Hydrostar

LF4-PNL4 4 10-05-88 10-06-88 10-06-88 Submersible 57.5 Clear

“LF4-PNL5 4 10-07-88 10-07-88 10-14-88 Bailer 151 Clear
Submersible

LF4-PNL6 4 10-12-88 10-12-88 10-14-88 Bailer 70 Clear
Submersible

* These wells were re-developed as part of this studiy.




AT1 new (1988) and existing (1981 and 1984) wells were surveyed in the
spring of 1989 by Horton Dennis and Associates, Inc., using the Washington
State coordinate system for horizontal control and NGVD 1929 for vertical
control. Horizontal and vertical values were established for the center of
the brass marker installed in each well pad. Vertical values were also
established for the north rim of the PVC well casing located inside each
carbon-steel protective casing. An error was observed in the horizontal
location of well LF4-PNL5. It was also noted that the identification of
wells LF4-1 and LF4-2 were backwards. These errors were later corrected via
personal communication with Ms. Joan Shafer {U.S. Army Corps of Engineers -
Seattle district). These data are provided in Appendix H.

4.3 REMEDIATING AND ABANDONING WELLS

In addition to the drilling and installation of the new monitoring
wells, remediation was performed on the existing wells near Landfills 1 and
4. The existing wells were geophysically logged (by the methods noted above)
before remediation.

The existing wells near Landfill 1 were drilled in 1984 by Richardson
Drilling. The wells were drilled using a cable-tool rig and were completed
with 4-in.-dia PVC casing and 20-slot PYC screen. The original drilling logs
for the drilling and completion of these wells are found in Appendix I.

These wells {identified as B4-CD-LF-1, -LF-2, -LF-3, and -LF-4) were in good
physical condition, except for the surface completion. A1l of the wells had
a carbon steel protective casing and locking well cap; however, none of the
wells had a concrete surface pad or protective posts, and well 84-CD-LF-1 had
a very loose protective surface casing. The remedial work performed at each
of these wells consisted of installing 1) a 4-ft by 4-ft concrete surface
pad, 2) four protective posts around the pad, 3) a brass marker in the con-
crete pad, and 4) an aluminum cap with Tock at the top of the protective sur-
face casing. The protective posts and casing were painted safety yellow.

The protective surface casing on well 84-CD-LF-1 was reset in concrete before
placing the surface pad. Drill logs of the remedial work are also presented
in Appendix I.
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The existing wells at Landfill 4, identified as Fort Lewis 1, 2, 3, 4,
and 11 (referred to in this report as LF4-1, -2, -3, -4 and -11), were
drilled in 1981 by Tacoma Pump and Drilling Co., Inc., Graham, Washington.
The wells were drilled with a rotary rig and were completed using 4-in.-dia,
schedule-40 PVC pipe. The PVC sections were connected by nonthreaded slip-
type couplings, and it appears that glue was used in connecting the male/
female ends. The screened intervals were perforated by drilling evenly
spaced, 0.25-in. holes in the PVC casing. No plug or end cap was instalied
in the bottom of the perforated section. More information on the completion
of these wells can be found in the original drilling logs in Appendix I.
Except for the pipe in well LF4-3, the PVC pipe in these wells appeared to be
in good condition.

The overall physical condition of these wells was fair to very poor, and
remedial work was necessary both above and below ground. Well LF4-3 had
30 ft of 8-in.-dia carbon steel casing in the ground, and the PYC was broken
apart approximately 21 ft below land surface. There were approximately 13 ft
of bentonite annular seal extending from the top of the perforated PVC pipe
to 29 ft below ground. The water bailed from inside the PVC pipe was very
stagnant smelling and contained pieces of wood and decayed animal and insect
remains. This well was abandoned in accordance with WAC-173-160-915 as fol-
lows: 1) the PVC casing and screen were speared and removed from the hole,
2) medium-sized bentonite chunks were emplaced in the borehole as the 8-in.
carbon steel casing was removed, 3) a cement grout with 5% bentonite was set
in the upper 6.5 ft of the borehole to provide a rigid surface seal, and 4) a
2-ft by 2-ft concrete pad with a 6-in. surface casing (2.5-ft stickup) was
emplaced to permanently mark the abandoned wall.

The remaining 1981 wells at Landfill 4 were in fair physical condition.
These wells required removal of the 8-in. carbon steel casing and installa-
tion of the bentonite annular seal as the steel'casing was removed and the
4-in. PVC casing was left in place. Bentonite slurry was required in two of
the wells, because the dry bentonite tended to form a bridge at the bottom of
the casing. Finally, a 1- to 2-ft cement surface seal was poured, and the
surface completion work {(pad, posts, brass marker, cap, and painting} was
performed.
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The only complication encountered during the remediation effort was at
well LF4-11. At this wel), the PVC casing was pulied back approximately 8 ft
in an attempt to remove a bentonite plug that had formed inside the PVC, The
benonite was successfully washed out of the PYC casing by jetting with clean
drilling water. Pulling back the PVC casing should not pose any problems,
however, because the top of the perforated PVC casing is still below the ben-
tonite seal. Drill logs kept during the remediation work are included in
Appendix I.

The four existing (1981) wells at Landfill 4 were redeveioped using a
dart bailer and 1/3-h.p. submersible pump. None of the existing (1984) wells
at Landfill 1 were redeveloped because of time constraints.

4.4 GROUND-WATER SAMPLING

Ground-water samples were collected from the new {1988) and existing
{1981 and 1984} wells around Landfills 1 and 4. Two sets of samples were
collected from each new (1988) well, and one set of samples was collected
from the existing (1984) wells around Landfill 1. Three sets of samples were
collected from all new (1988) and existing (1984) wells around Landfill 4
except well LF4-PNL6, which was sampled only twice. Al1 samples were col-
lected during five separate sampling events: 1) August, 2) September,

3) early October, 4) Tate October, and 5) December 1988. The August, Septem-
ber, and early October sampling events were conducted only to indicate what
chemical constituents might be present in each well and to assist in identi-
fying the need and location of additional wells. The late October and
December sampling events were conducted to evaluate the concentrations and
distribution of potential contaminants beneath the landfilis. The ground-
water sampling procedures followed during each sampiing event are presented
in Appendix J.

A description of each sampling event is provided below. Tables 4.3 and
4.4 summarize the sampling history for each landfill. These tables provide
the sampling dates, indicate if the well had been developed before sampling,
the sampling methods used, the number of saturated well volumes purged before
sampiing, and a qualitative estimate of the sample’s representativeness. A
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TABLE 4.3. Landfill 1 Ground-Water Sampiing History

. Sample Well
Sampling Development 1 copiection Volumes Sample
Well Number Date Complete? Method Purged | Represntativeness
84-CD-LF-1 12-13-88 NR Bailer 0.4 Fair
84-CD-LF-2 12-14-88 NR Bailer 0.4 Fair
84-CD-LF-3 12-14-88 NR Bailer 0.4 Fair
84-CD-LF-4 12-14-88 NR Bailer 0.4 Fair
LF1-PNL1 08-24-88 No Bailer 1.7 Poor
12-13-88 Yes Hydrostar 341 Good (water turbid)
LF1-PNL2 09-08-88 Yes Hydrostar 198 Good (water turbid)
12-14-88 Yes Bailer 1.7 Good
LF1-PNL3 09-09-88 No Hydrostar 4 Poor
12-14-88 No Bailer 0.4 Poor
LF1-PNL4 09-08-88 Yes Hydrostar 12 Very Good
12-13-88 Yes Bailer 0.4 Good

NR: No Record. These wells were not developed as part of this study.




JABLE 4.4. Landfill 4 Ground-Water Sampling History

, Sample Well
Sampling  fDevelopment | cgjiection | Volumes Sample
Well Number Date Complete? Method Purged | Represntativeness
LF4-1 10-06-88 No Baiier 0.4 Poor
10-30-88 Yes Submersible 15 Very Good
12-15-88 Yes Bailer 0.4 Good
LF4-2 10-06-89 No Bailer 0.4 | Poor
10-30-88 Yes Submersible 80 Very Good
12-14-88 Yes Bailer 0.4 Good
LF4-4 10-06-88 No Bailer 0.4 Poor
10-30-88 Yes Submersible 77 Very Good
12-15-88 Yes Bailer 0.4 Good
LF4-11 10-06-88 No Bailer 0.4 Poor
10-30-88 Yes Submersible 21 Very Good
12-15-88 Yes Bailer 0.4 Good
LF4-PNL1 08-24-88 No Bailer 0.4 Poor
10-06-88 Yes Bailer 0.4 Good
12-15-88 Yes Bailer 0.4 Good
LF4-PNL2 09-08-88 Yes Hydrostar 28 Very Good
10-06-88 Yes Bailer 1.7 Good
12-15-88 Yes Bailer 1.7 Good
LF4-PNL3 08-24-88 No Bailer 1.7 Poar
10-06-88 No Bailer 1.7 Poor
12-14-88 Yes Hydrostar 184 | Very Good
LF4-PNL4 10-06-88 Yes Bailer 56 Very Good
10-30-88 Yes Submersible 15 Very Good
12-15-88 Yes Bailer 0.4 Good
LF4-PNL5 10-07-88 No Steel Bailer 21 Good (water turbid)
10-30-88 Yes Submersible 20 Very Good
12-15-88 Yes Bailer 0.4 Good
LF4-PNL6 10-30-88 Yes Submersible 27 Very Good
12-15-88 Yes Bailer 0.4 Good

NR: No Record




sample was considered very good if the well had been developed and at least

three well volumes purged before sample collection. A sample was stiil con-
sidered good if the well was developed but had not been purged before sample
collection. A1l other samples are considered poor.

4.4.1 Auqust Sampling

The purpose of the August sampling event was simply to obtain an initial
indication of the chemical constituents in the ground-water beneath various
portions of Landfill 4. This information would then be used in selecting the
location of additional wells. The objective was to collect ground-water sam-
ples from the first three new (1988) wells installed around Landfill 4.
However, one of these wells (LF4-PNL2) produced very turbid water, and a lot
of mud was recovered during the sampling attempt. Sampiing of this well was
delayed. A newly completed well from Landfill 1 (LF1-PNL1) was sampled just
to use the sample bottles and to make the sampling trip more worthwhile.

Ground-water samples were collected from wells LF4-PNL1, LF4-PNL3, and
LF1-PNL1 on August 24, 1988, shortly after construction and bailing, but
before the wells were fully developed. The samples were collected using
dedicated Teflon bailers, which were filled with well water and emptied three
times before taking samples. This comprised the only purging performed
before sample collection; the purging amounted to approximately 1.7 well vol-
umes for the 2-in.-dia wells and 0.4 well volumes for the 4-in.-dia wells.
Single temperature and pH measurements were recorded on the field record
sheet for each well sampled. A duplicate sample was collected at
well LFI-PNL1 for quality assurance purposes.

4.4.2 September Sampling

The September sampling event was conducted to obtain an indication of
the chemical constituents present beneath various portions of Landfill 1 to
assist in identifying the need and location for additional wells. The
objective was to collect an initial set of ground-water samples from the
first four new (1988) wells installed around Landfill 1. However, one of
these new wells (LF1-PNL1) had been samplied in late August, and the one new
Landfill 4 well (LF4-PNL2), not sampled in August as originally scheduled,
was sampied instead.
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Four wells (LF1-PNL2, LF1-PNL3, LF1-PNL4, and LF4-PNL2) were sampled
September 8 and 9, 1988, using a different HydroStar sampling pump at each
well. These newly completed wells were still undergoing development. Well
LF1-PNL4 had been fully developed using a 1/3-h.p. submersible pump. Approx-
imately 80 gal of water (12 well volumes) were purged from this well using
the HydroStar pump before sampling. Wells LF1-PNL2 and LF4-PNL2 were fully
developed using the HydroStar pump immediately before sampling. Approxi-
mately 325 gal (198 well volumes) and 46 gal (28 well volumes), respec-
tively, were pumped from these wells. Although several attempts were made to
develop well LF1-PNL3 via bailing and the HydroStar pump immediately before
sampling, the low yield of the well prevented its full development {refer to
Subsection 4.2.6 for further information). This well was nearly completely
evacuated and allowed to recover three times over the 2-day period just
before sampling. Ground-water samples were collected at the end of the
final recovery.

A series of field pH, temperature, and conductivity measurements-were
recorded during the purging/development of all four wells. A duplicate
sample was collected at well LF1-PNL4.

4.4.3 Early October Sampling

The early October sampling event was conducted to indicate the areal
extent of volatile organic constituents in the ground-water beneath Land-
fill 4 and to address the need for and location of any additional wells.
The objective was to collect a spatially complete set of samples from wells
around Landfill 4, using all six new {1988) and four existing (1981) wells.

The early October sampling event was conducted on October 6 and 7, 1988.
Eight wells (LF4-PNL1, LF4-PNL2, LF4-PNL3, LF4-PNL4, LF4-1, LF4-2, LF4-4,
and LF4-11) were sampled using a Tefton bailer, and one well (LF4-PNL5) was
sampled using the 2.5-in.-dia carbon steel dart bailer being used for initial
well development. Many of these wells still had not been completely devel-
oped before initiating this sampling. Three wells (LF4-PNL1, LF4-PNL2, and
LF4-PNL4)} had been fully developed. Before sampling each well, the bailer
was filled and emptied with well water three times, providing a limited
purging of the well. The degree of this purging is estimated at
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approximately 1.7 well volumes for each 2-in.-dia well and 0.4 well volumes
for each 4-in.-dia well. Two wells, LF4-PNL4 and LF4-PNL5, had been exten-
sively purged by well development activities within 24 hr of sample collec-
tion. Foliowing collection of the samples at each well, the used bailer was
rinsed three times with distilled water. Field pH, temperature, and specific
conductivity measurements were not deemed pertinent to the objectives of this
sampling event and were not collected. A field blank sample was collected at
well LF4-PNL2.

4.4.4 |[ate October Sampling

The late October sampling event was conducted to complete the hydrochem-
jcal analyses around Landfill 4 to assist the determination of the concen-
trations and distribution of selected chemical constituents, primarily anions
and cations. The objective was to collect samples from these wells for which
these analyses did not already exist.

On October 30, 1988, seven wells from Landfill 4 (LF4-PNL4, LF4-PNL5,
LF4-PNL6, LF4-1, LF4-2, LF4-4, and LF4-11) were sampled using a 1/3-h.p.
submersible pump. The submersible pump was used to also completely develop
and/or purge the wells before sampling. Volumes of water pumped before sam-
pling range from approximately 100 gal {15 well volumes) at wells LF4-1 and
LF4-PNL4 to approximately 520 gal (80 well volumes) at well LF4-2. The sub-
mersible pump was steam cleaned between wells. Field pH, temperature, and
specific conductivity measurements were mistakenly omitted. Duplicate sam-
ples were taken at wells LF4-PNL1 and LF4-PNL4.

4.4.5 December Sampling

The December sampliing event was conducted to provide spatially complete,
time-equivalent sets of representative samples from each Tandfill to compare
selected chemical constituents. In addition, chemical data.from Sequalitchew
Lake were collected to evaluate the potential impact on ground-water quality
near Landfill 4.

A1l 18 existing (1981 and 1984) and new (1988) wells from Landfills 1
and 4, as well as Sequalitchew Lake, were sampled December 13 through 15,
1988. The samples were collected using dedicated and/or decontaminated
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Teflon bailers similar to the early October sampliing event. Those samples at
wells LF1-PNL1 and LF4-PNL3 were collected with HydroStar pumps. Approx-
imately 556 gal (341 well volumes) and 300 gal (184 well volumes) of water
were pumped from wells LF1-PNL] and LF4-PNL3, respectively, before sampling.
A sample was taken from Sequalitchew Lake using a Teflon bailer. The sample
was taken from a barge -300 yd from the east shore (Spring Station).

Three quality control samples inctuding a duplicate sample at
well LF1-PNL]1, a field blank sample, and a sample containing standard
solutions were taken during this sampling event.

4.5 ANALYZING GROUND-WATER SAMPLES

The procedures used to analyze for ground-water quality parameters are
listed in Table 4.5 and provided in Appendix J. In addition to the listed
procedures, the analysis of the volatile organic samples at PNL was conducted
according to the method provided in Appendix J. In brief, water samples were
analyzed with a Hewlett-Packard Model 5880A gas chromatograph (GC). The GC
was equipped with two identical J&W DB-624 30-m x 0.53-mm fused-silica cap-
itlary columns. The DB-624 columns were coated with a cross-linked and
bonded stationary phase comprising cyanopropyl, phenyl, and dimethylsiloxane.
The two columns were teed together at the iniet and routed to separate elec-
tron capture and flame jonization detectors. Sample introduction was via a
Tekmar Model LSC-3 purge and trap unit. The LSC-3 contained a Tenax sorption
trap. Samples were thermally desorbed from the Tenax trap and transferred to
the columns through a heated transfer iine. The Hewlett-Packard Model 5880A
GC was equipped with two separate integrators to simultaneously integrate
data from both detectors.

Nearly all sample analyses were performed by Am Test, Inc., Redmond,
Washington, during the first four fieid sampling events. Am Test results are
presented in their entirety in Appendix K. Only volatile organic analyses
(VOA) on the October 6, 1988, samples from Landfi1l 4 were performed by PNL.
Samples from the December sampling were sent to both Am Test and PNL. Semi-
volatile organic constituents, coliform, and o3l and grease analyses were
conducted by Am Test. PNL analyzed for pH, specific conductivity, volatile
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TABLE 4.5. List of Analytical Methods Used on the Fort Lewis
Ground-Water Study

Parameter Analytical Method Reference(a)

Field pH PNL Procedures

Field Conductivity PNL Procedures
Laboratory pH EPA Method 150.1
Laboratory Conductivity EPA Method 120.1
Pesticides, Herbicides EPA Method 608

PCBs EPA Method 608
Coliform Standard Methods 909
0i1 and Grease EPA Method 413.2
Total Organic Halogens EPA Method 450.1
Volatile Organic Analysis EPA Method 601

Total Dissolved Solids EPA Method 160.1
Total Organic Carbon EPA Method 415.2
ICAP Metals EPA Method 200.7
Cyanide EPA Method 335.3
Anions (F~, C17, NO3~, SO47) EPA Method 300.1
Phenol EPA Method 420.1

{a) Detection limits reported in results tables and/or
actual analytical reports (Appendix K).

organic constituents, alkalinity, anions, total dissolved solids, and
filtered and unfiltered metals analyzed by the inductively coupled argon
plasma method {1CAP metals). These results are presented in the text of the
report.

4.6 QUALITY ASSURANCE

The primary PNL Quality Assurance (QA) Program is based on ANSI/ASME
NQA-1, Duality Assurance Program Reguirements for Nuciear Facilities, as it
is applicable to the technical services and research and development per-
formed by PNL. Under the PNL QA Program, each project is classified into
one of three impact levels (I, II, or 11I); Impact Level 1 possesses the
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greatest potential impact in the event of failure, based on such areas as
safety, data defensability, programmatic, and regulatory concerns. Written
QA plans are developed for projects classified as Impact Level I or II,
specifically identifying applicable elements of the PNL QA Program. Projects
classified as Impact Level III are performed in accordance with the minimum
standards for all work at PNL specified in the PNL Good Practices Standard
and do not require a project-specific QA Plan. The work performed in this
investigation was classified as Impact Level II.

Because of its relevance in the acquisition of environmental data, a QA
Project Plan was developed for this investigation, in accordance with the
criteria in EPA QAMS-005/80, Guidelines and Specifications for Preparing

Quality Assurance Project Plans, with elements of the PNL QA Program incor-
porated to supplement areas not adequately addressed by the EPA program.

Written technical procedures used by PNL’s Environmental Monitoring
Program (PNL 1989) were employed to collect and characterize drilling data
and collect water-samples. )

Only qualified, professional geologists were used in the oversight of
well-installation activities, and the logging and characterization of soils
encountered during well construction as required by the EPA/RCRA Ground-Water
Monitoring Technical Enforcement Guidance Document, OSWER-9950.1 (EPA 1986).
A11 PNL staff performing work at the sites received a minimum of 40-hr prior
training in hazardous material handling as required by 29 CFR 1910.

Applicable QA requirements were passed on to subtier organizations.
Procurement controls were implemented to verify that suppliers and subcon-
tractors were capable of providing quality services. This control included a
pre-award evaluation of the analytical laboratory performing analyses of
ground-water samples by the PNL Quality Control Section to verify the
laboratory’s ability to meet the QA requirements passed on.

The PNL QA Department audited both driliing and sampling to verify
conformance with drilling specification and sampling procedure requirements.
The data quality and traceability of the results package were also audited.

4.2]



Deficiencies encountered were documented, along with an assessment of their
root cause, impact on results, and corrective actions designed to preclude
recurrence.

4.7 QUALITY CONTROL

In contrast to inspecting hardware items to verify they met the dimen-
sional requirements of a specification, data cannot be inspected as they are
generated. To inspect data, indirect techniques must be used, such as the
preparation and analysis of quality control samples. Analyzing these samples
along with the unknown samples gives an indication of the quality of data
being generated by a given analytical process in terms of accuracy and
precision. Quality control measures implemented included the collection and
analysis of duplicate, blank, and standard solution samples.

During the August 24 sampling event, a set of blanks was prepared for
all the laboratory parameters analyzed by Am Test, Inc. No contamination was
observed in the blank samples. A blind duplicate sample was also prepared
from one of the wells {LF1-PNL1) chosen at random and submitted to the anal-
ytical Taboratory. The results from this analysis can be seen in the data
tables contained in Chapter 5.0 of this report. In general, the comparison
is acceptable, but could be better. The coliform, total dissoived solids,
sulfate, iron, barium, manganese, calcium, and sodium did not compare well.
The discrepancies in the iron, barium, manganese, calcium, and sodium results
are probably caused by the high s¢lids (mud) content in the water sample.
This well had not been adequately developed before sampling {refer to Subsec-
tion 4.4). 1If the well were less turbid, the results may have been more
comparable. The reason for the discrepancy in the coliform, total dissolved
solids, and sulfate results is unknown, but could also be related to the high
turbidity of the water samples. A blind USGS ground-water standard was also
submitted for analysis. The results of the analysis can be seen in
Table 4.6. In general, the Am Test results compare well with the USGS value.
However, the Am Test iron and chromium values deviated significantly from the
actual value. This discrepancy cannot be explained by the results, except
that the concentrations in the sampie are approaching the detection limit of
the analytical method.
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TJABLE 4.6. Comparison of U.S. Geglogical Survey Standard
Concentration with Am Test, Inc., Results {ppm)

AM Test Result USGS Value
Iron <0.01 0.042 £ 0.010
Barium 0.044 0.040 * 0.002
Cadmium <0.002 <0.002
Manganese 0.009 0.008 % 0.00]1
Calcium 55 54.8 £ 2.2
Silver <0.01 <0.01
Sodium 110 107.0 = 3.0
Chromium 0.022 0.008 + 0.002
Palladium <0,02 <0.02
Arsenic <0.002 0.003 = 0.001

During the September 8 and 9 sampling event, a duplicate sample from
well LF1-PNL4 was submitted to the laboratory for analysis. The results of
this analysis can be seen in the data tables contained in Chapter 5.0 of this
report. In general, the results of this analysis were considerably better
than the August sample results. Most parameters were in good agreement with
each other. Because of an oversight, no blank or standards were submitted
with the samples during this sampling episode.

During the October 6 sampling event, only samples for VOA were collected
from the wells in the Landfill 4 area. These samples were analyzed at PNL.
A blind blank was submitted for analysis with the samples. No contamination
was observed in the blank sample.

During the October 30 sampling event, three wells were sampled in the
Landfill 4 area. These ground-water samples were analyzed by Am Test. A
duplicate sample was collected from well LF4-PNL4. The results of the
duplicate analysis are reported in Chapter 6.0 with the analytical results
from Landfill 4.

During the December 13 through 15 sampling event, wells at both the
landfills were sampled. These samples were analyzed by Am Test, Inc., for
semivolatile organic constituents, coliform, and o0il and grease. Samples
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were analyzed by PNL for volatile organic compounds, total organic carbon,
pH, conductivity, and filtered and unfiltered ICAP metals. A duplicate sam-
ple was collected from well LF1-PNL1. A comparison of the results from the
duplicate analysis is reported in Chapter 5.0 with the analytical results
from Landfill 1. The results from the duplicate analysis agreed very well.

A blank sample was generated in the field and sent to each laboratory for the
respective analyses. The analytical results from the blank indicate a prob-
lem with the o1l and grease analysis. Am Test reported 8.3 ppm of o0il and
grease in the blank sample. The lowest concentration reported for that suite
of samples was 8.2 ppm. These results indicate either a blank or laboratory
contamination problem. No other problems were observed with the analytical
resuits from the blank analysis. A USGS sample was submitted to the PNL lab-
oratory conducting inorganic analysis. Table 4.7 compares the analytical
results with the certified USGS value. The results of the analysis compare
very well with the USGS reported results.

TABLE 4.7. Comparison of the U.S. Geological Survey Standard
Concentration With PNL Results

PNL Results USGS Value
pH 8.21 8.2 +0.1
Conductivity 2410 pmho/cm 2451 + 150 pmho/cm
Chloride (C17) 79 ppm 79.6 + 3.5 ppm
Sulfate (S047) 1136 ppm 1170 + 33.5 ppm
Alkalinity (CaC03) 132.5 ppm 132.5 £ 4.0 ppm
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7.0 CONCLUSIONS

Several conclusions were drawn from the results of this study, and each
of these is discussed below.

7.1 OVERAL! SITE INVESTIGATION

» No records are available on the landfill histories and waste inven-
tories, and no employees in the DEH at the Fort had any first-hand
knowledge nor could they identify anyone with first-hand knowledge
of the landfill operations.

» Aerial photograph interpretation and field reconnaissance proved
useful in locating the general boundaries of the Tandfills.

+ Surface-based geophysical-sensing methods of the type used in this.
investigation proved useful in locating the boundaries of the land-
fills where aerial photograph interpretation and field reconnais-
sance results were uncertain. These methods were successful in
locating both large trench-type landfill operations and some
localized open-pit dumps.

« The drive-barrel method of cable-tool drilling proved to be more
efficient than either hollow-stem auger drilling or the hard-tool
method of cable-tool drilling.

¢« The 4-in. PVC-cased wells proved to be superior to the 2-in. wells,
primarily because of their ease of development.

« The ground-water monitoring systems installed at each landfill meet
the requirements of 40 CFR 265, Subpart F; WAC 173-303; and WAC
173-160. Both of these monitoring systems are considered accept-
able for detecting and evaluating the impacts of the inactive land-
fills on the ground water and adjacent lands. Thus, the goal of
this investigation was achieved.
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7.2

STATUS OF LANDFILL 1

The landfill operation included trench disposal of unknown waste
(possibly domestic garbage)} and surface dumping of construction
rubble {sand and gravel, broken concrete, broken asphalt, etc.).

Isolated open-pit dumps, burn pits, and surface dumping have also
occurred at or near this landfill,

The boundaries of the landfill extend farther to the north than
previously recorded, and an area of isolated open-pit dumping and
burning extends to the west of the landfill proper.

The uppermost aquifer beneath this landfill occurs in the Vashon
Drift Formation at a depth of approximately 20 to 40 ft. The
bottom of the aquifer is considered to be the top of a clay/silt
layer at a depth of approximately 70 ft. Using the limited water-
level data available for this site, ground-water flow appears to be
to the east and northeast.

Four new (1988) monitoring wells and four existing (1984) monitor-
ing wells are located around the site. Three monitoring wells are
located upgradient of both the open-pit dumping/burning areas and
the landfill. The remaining five wells are located either directly
or indirectly downgradient of these waste sites. Variations in the
water levels, particularly those influenced by the ground-water
mound near well 84-CD-LF-2, can alter the downgradient status of
these monitoring wells.

The representativeness of ground-water samples collected during
this study varied according to the development and purging history
of the well before sample collection. Thus, much of the analytical
data must be considered preliminary and used only for indication
purposes.

Examination of the inorganic results from the upgradient wells
versus the downgradient wells suggests that the 1andfill may have
influenced the ground-water chemistry downgradient of the site.

7.2



7.3

Nitrate and volatile organic compounds (principally TCE and DCE)
appear to be the two chemical constituents of primary interest.
Nitrate exceeded the DWS in wells 89-CD-LF-1, -2, and -4, while TCE
exceeded the MCLs in wells 84-CD-LF-3 and -LF-4.

Although coliform, chromium, mercury, and o0il and grease were
detected above DWS in some of these ground-water wells, these sam-
ples were not considered to accurately represent the ground-water
quality. Thus, none of these constituents is believed to be of
concern,

Wells LF1-PNL1, -PNLZ, and -PNL4 were extensively developed and
produced representative samples. Well 84-CD-LF-1, -LF-2, -LF-3,
and -LF-4 were not developed as part of this study but should
produce representative samples after a good, extensive purging is
performed on each well. Well LF1-PNL3 produces only poor
{unrepresentative) samples and should be used only for water-level
measurements.

STATUS OF LANDFILL 4

Landfill operations included at Teast four areas of trench disposal
and several areas of surface dumping. Waste materials disposed to
the trenches are believed to be domestic garbage (glass, tin cans,
rubber goods, paper and wood products, automobile parts, etc.).
Surface dumping consisted of asphalt and concrete blocks, construc-
tion rubble, tree stumps, at least one truck body, household appli-
ances, etc.

Isolated open-pit dumps and surface dumping have also occurred in
areas surrounding the landfill. Some of these dumps may have
included petroleum products, as well as trash, automobile parts,
and yard debris.

The boundaries of the Tandfill area extend farther to the north,
east, and west than previously recorded, and perhaps not as far
south as previously reported.
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The uppermost aquifer beneath this Tandfill occurs in the Vashon
Drift Formation at a depth of approximateily 10 to 40 ft. The
bottom of the aquifer is considered to be the top of the clay/silt
of the Kitsap Formation, which lies at a depth between 26 ft to
over 45 ft. Ground-water flow is primarily to the north-
northwest, under the influence of a fairly flat gradient.

One monitoring well (LF4-4) is interpreted to be upgradient of the
landfill, and five wells (LF4-11, LF4-PNL1, LF4-PNL2, LF4-PNL4 and
LF4-PNL5) are interpreted to be either directly or indirectly down-
gradient of the tandfill. Four other wells are located in areas
that at times may be upgradient while at other times downgradient,
depending on the hydraulic relationship between Sequalitchew Lake,
the aquifer, and the water-table configuration.

The representativeness of ground-water samples collected during
this study varied according to the development and purging history
of the well before sample collection. Therefore, the analytical
results from some samples must be considered tentative and used for
indication purposes only.

The Timited analytical results collected to date suggest that col-
iform, 0il and grease, volatile organic compounds {principally TCE
and cis-1,2-DCE)} and perhaps some metals (iron and manganese) are
the principal chemical constituents of concern at this site.

Fecal coliform exceeded the DWS in well LF4-PNL2.

Iron and manganese exceeded the secondary OWS in wells LF4-2,
LF4-11, LF4-PNL2, and LF4-PNLS.

0i1 and grease were detected in wells LF4-PNL5 and LF4-PNL&, and
perhaps LF4-PNL4.

Cis-1,2-DCE and TCE exceeded the MCLs in wells LF4-PNL1, -PNLZ,
-PNL3, -PNL4, and LF4-11, and are considered the principal
constituents of concern.
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A comparison of the hydrochemistry found in the downgradient wells
versus that found in the upgradient well suggests that the landfill
may have affected the hydrochemistry of the uppermost aquifer.

A11 10 of the monitoring wells around Landfill 4 can produce repre-
sentative samples of the uppermost aquifer and are suitably Tocated
to provide adequate monitoring of the tandfill. However, addi-
tional investigations and sampling will be necessary to determine
the sources and extent of impacts attributed to Landfill 4.
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8.0 RECOMMENDATIONS

The following recommendations are made concerning future work at these

landfills. These are listed in order of highest priority.

1.

Collect and analyze ground-water samples from all wells at both
landfills on a quarterly basis for a period of 1 year, and perform
statistical analyses in accordance with 40 CFR 265, Subpart F.
Examine trends in the various contaminants observed at each site.
Determine which contaminants remain above DWS or MCLs and
re-evaluate the impacts of the landfills on the ground water.

Collect periodic and several continuous water-level measurements in
wells at both landfills and lakes near Landfill 4 for a period of

1 year to assess the effects of water-level fluctuations and lake/
aquifer interactions on the ground-water flow directions. Deter-
mine lake-level elevations by surveying. Evaluate and interpret
these data to determine ground-water flow directions with more
certainty.

Test the ability for soil-gas sampling to locate and track the TCE
plume at Landfill 4, and, if successful, locate the source(s) of
the TCE.

Accurately locate (using aerial photographs, field mapping, and
surface geophysics), stake, and survey the locations of the land-
fi11 boundaries. Fence off and/or install signs on the landfills
to prevent unauthorized dumping.
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RESULTS DF GEQPHYSICAL SURVEYS AT LANDFILL 4

This appendix contains an internal Pacific Northwest Laboratory memo
discussing the results of geophysical surveys conducted at Landfill 4.
Figures cited in the memo are also provided.
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Date November 7, 1988

To

George Last
From Jerry Sandness€éizfif//

subject ~ Geophysical Reconnaissance Surveys at Fort Lewis

This memo describes the objectives, procedures, and results of a set of
geophysical surveys that Kevin Schwartz, Paul Porath, and I performed with
your assistance and direction at Fort Lewis, Washington. The work was
performed during the periods July 18-19 and July 27-28, 1988.

Objective

The objective of our geophysical surveys was to determine the boundaries of
waste deposits associated with Landfill 4. This landfill, located just to

the north of Lake Sequalitchew, covers an area of at least 60 acres. It is
roughly bounded by relatively undisturbed forest on its south and west sides.
It is further bounded by a mechanics training area and a motor pool along its
northwest edge and by a gravel pit at its east end. The boundary of the waste
deposit along the south and west sides of the landfill is easy to locate
because the landfill is distinctly elevated relative to the surrounding ground
in that area. Elsewhere, however, the topography or appearance of the ground
surface does not provide an unambiguous indication as to the precise location
of the waste boundary. Near-surface geophysical exploration methods were
empioyed to locate buried waste materials in those areas.

Procedure

The approach taken in this study was to collect geophysical data along 30
traverse lines. These lines varied in length from a minimum of 200 ft to a
maximum of 1200 ft and were marked by wooden stakes at intervals of 100 ft.
They were concentrated in four areas where the waste boundaries were most
obscure and where it seemed important to more accurately define them. These
four areas can be identified by reference to the site map of Figure 1. This
map shows the locations of the survey lines, some of the major surface features
of the site (e.g., the lake, trees, roads, and buildings), and the results of
the geophysical surveys.

The first area (lines 1-6 and 22-26) is adjacent to the mechanics training
facility near the west end of the landfill. A section of flat ground and a
shallow ditch appear to separate that facility from the Tandfill although
some shallow pits have obviously been used for the disposal of small amounts
of waste (probably oil, grease, rags, etc.) in the area between the ditch and
the buildings of the training facility. The landfill between the ditch and
the woods to the south is characterized by many long shallow depressions that
seem to be caused by the settling of waste materials in trenches.
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The second survey area (lines 7-17) is adjacent to the motor pool fence at
the north side of the landfill. The general appearance of the ground and the
presence of two shallow, partially open trenches shows that some waste burial

activity has taken place there, apparently in a rather unplanned or random
fashion,

The third area is located in the northwest portion of a cleared area that
includes an active gravel pit at its east end. MNo waste materials are evident
in the gravel pit, but we could not determmine by visual inspection whether
waste materials extend into the west end of the cleared area.

The fourth survey area is a strip of bare ground (fill) between the north
shore of Lake Sequalitchew and the apparent southwest corner of the landfill.
The question is whether waste materials were included in the fill material
that was deposited at this site.

Three geophysical sensing instruments were used in this study: 1) a ground-
penetrating radar unit, 2) a ground conductivity meter, and 3) a metal
detector. These are briefly described in the following paragraphs.

The radar system was a Geophysical Survey Systems, Inc. (GSS1}, Model SIR 7
with a 120-MHz (nominal) antenna (GSSI Model 3110) which transmits and receives
radar signals in a frequency band of approximately 50-250 MHz. The antenna,
mounted on a fiberglass sled, was pulled along the survey 1ines by a small
all-terrain vehicle (ATV). Radar signals reflected from subsurface objects or
interfaces were detected by the antenna and were transmitted by cable to
control and recording modules mounted on the ATY. There the signals were
amplified, digitized, and recorded on digital tape cartridges for later
playback and processing in our laboratory. This instrument exhibits good
spatial resolution and can produce quasi-pictorial images of both metallic

and nonmetallic objects or materials in the ground.

The ground conductivity meter was a Geonics EM31 electromagnetic induction
(EMI? sensor. This hand-carried device operates by transmitting an oscillatory
magnetic field into the ground, then detecting the secondary magnetic field
produced by the electric currents that are induced in the ground. It exhibits
relatively poor spatial resolution, but can respond to both metallic and
nonmetallic waste deposits. The data produced by this instrument were
digitized and recorded by a small data recorder carried by the operator. The
data were subsequently transferred to a computer for scaling and display.

The metal detector was a Fisher M-Scope, Model TW-6. This instrument was
originally marketed as a pipe and cable detector, but has proven to be
effective in detecting buried metallic waste materials at depths of a few
feet. The metal detector was carried by hand along the survey lines until a
response was obtained. The location of the response was then recorded in a
field notebook.
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Results

Figures 2-6 show the radar data collected in this survey. Each of the small
images in these photographs is called a radar profile and represents one survey
Tine. The horizontal dimension in a given profile corresponds to the distance
along the survey line, The vertical dimension corresponds to signal travel
time or depth. Thus, a radar profile can be regarded as a vertical cross-
sectional view of the ground under the survey line. The maximum penetration
depth shown in these profiles is approximately 16 ft. The depth calibration
is based on an estimate of the dielectric constant of the ground at this
location, so may be in error by 10-15%. Excavation of an object detected by
the radar and measurement of its depth would provide the ground truth needed
to improve the accuracy of the depth scale.

Most of the survey lines were traversed twice with the GPR system, once in
each direction., Thus, in Figures 2-6, two radar profiles are shown for each
of these lines. A pair of profiles for a given 1ine may not be identical
because the two traverses were typically made with a lateral offset of a few
feet to expand the area covered by the survey.

Our analysis of the radar data was based on a visual interpretation of the
profiles. A small, isolated, reflective object in the ground can be identified
by a characteristic hyperbolic reflection pattern i1ike the one pointed out in
Figure 2. A large deposit of waste material produces a complex reflection
pattern consisting of many overlapping hyperbolas. A good example of this is
shown in Figure 6, Line 27, where the south edge of the landfill is overlapped
by relatively clean fill material. Another type of feature that is displayed
in many of the profiles is a sedimentary interface. Good examples are shown
in Figure 3 where strongly reflecting subsurface layers are present over most
of the 1200-ft length of Line 7. (Note that Line 7 is displayed in two
overlapping 1000-ft segments because its total length is too long to be
displayed in a single image.)

Figure 4 contains two radar profiles that do not correspond to numbered survey
lines. The first of these, labeled "“Woods", corresponds to a sinuous path
through the trees between the north ends of Lines 18 and 19 (see Figure 1).
Scattered debris is present at several points along this line, and a dense
landfil1-type deposit is present at its west end, from the edge of the trees
to the north end of Line 18. The profile labeled "Landfill" corresponds to a
short northward traverse from the road spur near the end of Line 20. Waste
materials, including blocks of concrete, are present along most of this line.

The three geophysical survey methods were applied along Line 4 on each of our
two visits to the site. On the first visit, we surveyed a 200-ft line (the
north half of the 400-ft line shown in Figure 1). The resulting radar and
EMI profiles are labeled as Line 4 in Figures 2 and 7, respectively. We
subsequently decided that the line should be extended to the north by an
additional 200 ft. The resulting full-length profiles are labeled as Line
4+4X in Figures 5 and 13.
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The EMI data are plotted in profile form in Figures 7-14. The scale of the
vertical axes in these plots is such that the values 2047 and -2048 correspond
to positive and negative full-scale responses of the EM31 sensor at an
instrument range setting of 10 mmhos/m. However, we did not convert the
plotted values to conductivity units because the presence of large amounts of
metal in the waste deposits makes that conversion inaccurate, and our purpose
was simply to detect the waste materials. For the same reason, we chose to
truncate the high-amplitude response peaks in most of the profiles.

The EMI profiles give strong indications of trenches, pits, or waste boundaries
on most of the survey lines. Lines 5, 6, 19, 23, and 30 are the only lines
that do not seem to show compelling evidence of buried waste deposits. (The
large peak at the east end of line 23 was produced by a small steel building.)
The EMI profile along Line 7 is different from the others in that it exhibits

a broad peak that extends over the entire length of the line. The most likely
explanation for this result is that it reflects the distribution of metal
boats, trailers, and other machinery inside the fenced motor pool area located
only 15 ft to the northwest of the survey line. It might also be partly caused
by an overhead power line that crosses the survey line at approximately the
point where the profile's amplitude is a maximum. A less likely possibility

is that the apparent conductivity high is produced by contamination of the
groundwater which is probably present at a depth of approximately 25 ft in

this area. This explanation is supported somewhat by the fact that the base
Tevels of the profiles for Lines 11 and 12 are slightly elevated relative to
the base levels of the profiles for other nearby lines.

The results of the metal detector, EMI, and ground-penetrating radar surveys
are summarized on the site map of Figure 1. The broad, dark lines superimposed
on the survey lines show the locations of buried waste materials as determined
from all three sets of geophysical data. The metal detector and EMI responses
were generally consistent with the indications of buried materials or ground
disturbance provided by the radar system. However, the radar detected some
buried waste materials that did not produce interpretable responses in the
other instruments. An example of this is on Line 27 where the radar showed
that the waste materials (landfill deposit) extend approximately 100 ft closer
to the lake than was indicated by the metal detector and the EMI sensor.

A visual inspection of the ground surface at several locations at this site
provided some insight into the nature of some of the waste materials. For
example, the materials found at the ground surface along Line 4 and Lines 24-
26 are concrete and asphalt blocks containing steel reinforcing rods. We

also found this type of material near the lake on Lines 28 and 29 and, as
mentioned above, to the north of Line 20 and to the east of Line 18. Domestic
garbage is exposed at the edge of the cleared area at the north end of Line
18, and some industrial debris (e.g., steel cable and other pieces of metal}
is present along and to the south of Line 2la.
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Final Comments

Surface-based geophysical sensing methods of the types used in this
reconnaissance are not normally able to identify the specific materials
contained in a buried waste deposit or to determine their toxicity or threat
to the environment. These types of information must be determined by sampling
or excavation. In this case, our goal was to help in defining locations where
groundwater sampling wells could be drilled close to the waste deposits but
with a minimum risk of directly encountering buried hazardous waste materials.
This goal was probably achieved even though some areas remain where the
locations of the waste boundaries remain uncertain. The areas of greatest
uncertainty appear to be: 1) the northeast edge of the landfill between Lines
16 and 21; 2) the cleared area to the west of the active gravel pit and to
the south of Line 21; and 3} a small triangular area bounded by the mechanics
training area, Line 3, and the highway.
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WELL SPECIFICATIONS

These specifications were excerpted from the drilling subcontract.
References to other appendixes do not refer to the appendixes of this
report.
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DRILLING SPECIFICATION

1.00 General

1.01 Description:

A.

Work Included:

The effort and materials required for this work include, but are not
necessarily Timited to:

1. Drilling, sampling, and installing and developing approximately 23
temporary test holes (TTH), 4 holes during Phase I, and up to 19 holes
during Phase II.

\ -
2. Furnishing and pltacing grout, bentonite crumbles, bentonite pellets,
and sand pack;

3. Furnishing and dinstalling flush-threaded, Schedule 4D PVC casing,
caps, protective steel cover with lockable cap and slotted PVC well
screen; and

4. A1) other related items indicated in the figures, specified herein, or

needed for a complete and proper installation in accordance with the
intent of the specifications.

Work Location:

A11 the drilling sites are located at Fort Lewis, near.Tacoma, WA. The
location map is shown in Figure 1.

Site Access and Security:

The Contractor is responsible for familiarity with access routes for his
equipment. Drill rigs may be left on the site overnight, but security and
safety of rigs and equipment rests with the contractor.

Access to individual driiling sites is varied, ranging from open fields and
parking Tots to wooded areas.

Working Hours:

Drilling will be carried out during daylight hours, normally extending from
8:00 a.m. to approximately 5:00 p.m. Pacific Daylight time, although
extended hours may be necessary tc complete critical stages of work that

are not planned. All work will be completed during the standard five day
work week.
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1.02 Qualifications and Compliance with Specifications:

A. Qualifications of Workmen:

Use sufficient journeyman drillers and a competent supervisor in the
execution of this work to ensure proper and adequate installation of items
throughout. Provide a complete list of workmen invelved and enter those
present in the daily log.

8. Compliance with Specifications:

1. Whenever required during progress of the work and after completion cof
construction, the contractor shall immediately furnish proof acceptable
to Battelle that all items of the TTH's installed equal or exceed all
requirements specified for this work. '

2. In the event such proof is not available or is not acceptabie to
Battelle, the Contractor may be required to remove the item or-items and
replace 'with material meeting the specified requirements and to repair
all damage caused in the removal and replacement, all to be accomplished
at no additional cost to Battelle.:

3. All1 TTH's shall be constructed and completed in accordance with the
intent of Chapter 173-160 WAC, "Minimum Standards for Construction and
Maintenance of Water Wells", and the specificatiens contained herein.
In the event of a conflict, the technical specifications contained
herein shall govern.

1.03 Drawings:

A. Intent of Figures:

The Contract figures, (Figures 2 and 3) do not attempt to show exact details
of all piping and items to be instalied. Diagrams are schematic and do not
attempt to show all fittings, obstructions, flush couplings, or spacing
required. Work measurements shall be verified from field measurements.

B. Shop Drawings:
No shop drawings are required.

C. As-Built Drawings:

During progress of the work, the Contractor will maintain an accurate record
of all changes made, if any, in the specified installation Jayout and
materials specified herein such as PVC casing, protective steel casing,
welds, etc. The contractor will provide as-built drawings upon complietion

of the contract or provide as-built data to the Battelle Technical
Administrator.
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.04 Material Handling:

—

. Protection:

The contractor shall use all means necessary to protect well construction
materials before, during, and after installation. All materials to be
installed will be kept off the ground on stands, racks, or sawhorses to keep
them clean. During vehicle transport all materials will be enclosed in the
containers 1in which they were shipped to keep them clean and free from
damage.

. Damage and Repairs:

In the event of damage, the Contractor shall immediately make all repairs
and replacements necessary to the approval of Battelle at no additional
cost. '

. Cutting and Water Disposal:

Drill cuttings from the saturated (water bearing) and unsaturated zones
shall be contained pending determination of their waste status. Containment
shall constst of 7 mil plastic sheeting under and above the cuttings.
Cuttings will be retained pending analytical results. It s not necessary
to contain water for analysis.

. Decontamination:

It is the contractor's responsibility to set up and use a decontamination
station for cleaning the drill rig(s) and potentially contaminated
equipment. All eguipment in contact with earthen materials or borehole
fluids shall be steam-cleaned between each borehole. The contractor shall
supply the equipment necessary for this decontamination.

.05 Site Conditjons:

. Site Geology:

The Contractor should anticipate drilling in unconsolidated materials,
consisting of clay, silt, sand, gravel, cobbles, and boulders. These
materials were deposited in former stream channels and glacial outwash. The
distribution of these materials is highly variable.

.00 Materials

. General:

Equipment and materials necessary to complete the TTH's in all cases shall
include, but are not necessarily limited to:

1. Oriliing and complietion equipment;

2. Protective steel covers, arc welding “equipment, as needed and
accessories;
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3, PVC casing, well screen, top caps and bottom plugs;
4. Sand pack;

5. Steam cleaning equipment;

6. Cement and bentonite grouts;

7. Bentonite pellets or crumbles (TTH seal);

8. Approved A:B:C fire extinguisher capable of containing any fire
excursion caused by drilling operations;

9. (Concrete for TTH pad and steei protective posts; and
10. A1l other materials and supplies for completion of the work.
B. Compliance with Specifications:

When a sepﬁrate item, which includes the furnishimg of any material, is
provided in the proposal schedule, the cost of furnishing, hauling, storing,
and handling shall be incliuded in the unit price for that item. When a
separate item is not provided in the schedule for furnishing any material
required to be furnished by the Contractor, the cost of furnishing, hauling
storing, and handling shall be included in the unit price for the work for
which the material is required. Materials furnished by the Contractor shall
be of the type and guality described in these specifications. The
Contractor shall make a diligent effort to procure the specified materials
from any and a1l sources, but where materials reguired by the specifications
become unavailable, substitute materiais may be used, provided that no
substitute materials shall be used without prior written approval of the
Batteile Technical Administrator. Battelie's determination as to whether
substitution shall be permitted, and as to what substitute materials may be
used, shall be final and conclusive.

2.01 Drilling and Support Eguipment

The use of one rig is necessary, such as a hollow-stem auger rig capable of
drilling to the estimated depth of 40 to 60 feet, but not to exceed 100 feet.
The hollow-stem auger type rig, if used, shall be capable of driliing through
earthen materials {including clay, silt, sand and gravel) at the site to the
estimated depths. The drilling machine 'for the TTH's must be capable of
drilling to the reguired depth and allow for the collection of samples during
drilling. The use of temporary casing will be allowed during the drilling, If
methods other than hollow-stem auger are used, then the use of temporary casing
during driliing is encouraged. The rig must be capable of removing any
temporary casing while the permanent PVC casing is in the bore. Sand packing
the well screen and sealing and grouting the permanent casing shall be
accomplished while temporary casing is being removed. MNo additives may be used
to faciltitate Jlubrication. The contractor shall specifv the size and
capability of the eguioment proposed for use.

B.5



Wherever possible, boreholes shall be drilled using hollow-stem auger flights
having a minimum 3.75-in. 1.D. and an B-in. 0.D. for installing nominal 2 in.
diameter PVC. 1f 4 in. diameter PYC is used a minimum 6.D-in. I.D. and 10.5-
in. 0.D. flights will be required. The rigs shall be capable of collecting
continuous core and split-spoon samples.  If a split-spoon is used it shall be
2 or 2.5 in. diameter and samples should be taken every 5 feet or suspected
change in 1ithology (sand to clay etc.}. The iead flight of the augers will be
equipped with an appropriate cutting bit to allow penetration into the type of
material occurring at the site. Temporary steel casing set in the borehole
shall have a minimum inside diameter of 8.0 inches.

2.02 PVC casing

Casing for the TTH's shall be new, white, 2-inch or 4-inch diameter, Schedule
A0 PVC pipe having no painted surfaces. The 2-inch pipe will be used when
drilling is done by auger and 4-inch will be used for other methods of
drilling. Written documentation of the conformance to PS 2170, ASTM 1785 must
be provided in the shipping manifest. The minimum pipe section length shall be
2 feet with Viton or Teflon "0" rings used at each flush-threaded connection.
Dimension of the 2-inch PVC pipe shall be: outside diameter 2.375 inches,
inside diameter 2.047 inches, and a wall thickness 0.164 inch. Dimensions of
the 4-inch PVC pipe shali be: outside diameter 4.500 inches, inside diameter
4.026 inches, a wall thickness of 0.247 inch. The threading shall conform to
ASTM F480 requirements for flush-threaded, thermoplastic well casing and pipe.
A1l casing shall be cleaned and decontaminated after cutting and threading at
the factory, using a mild detergent, then isopropyl alcohol or an approved
equivaient cleaning procedure; then air dried and finally, hermetically sealed
in plastic to minimize potential for contamination prior to installation in the
borehole. Chlorinated solivents shall not be used for cleaning pipe or screen.
The well casing shall be manufactured by UOP Johnson, St. Paul MN; Timco Manu-

facturing, Inc., Prairie du Sac, WI; Brainard-Kilman, Tucker, GA; Aardvark

Corporation, Puyaliup, WA; or an equal approved in advance by the Battelle
Technical Administrator.

2.03 Screen, Casina Connection, End Caps and Plugs

A. Screen shall be provided in 5 and 10-ft lengths only and shall be 2-inch or
4-inch nominal inside diameter, Schedule 40 PVC with flush interior to
permit passage of a 1.75 inch or 3.76 inch outside diameter bailer. The
screen shall be of the continuous wrap or high fiow slotted type in order
to provide maximum inlet area consistent with strength requirements. At a
minimum, the screen shall consist of 4 row, 100 slots per row, factory
slotted PVC pipe. The screen shall be manufactured by UOP Johnson, St.
Paul MK; Timco Manufacturing, Inc., Prairie du Sac, Wl; Brainard-Kilman,
Tucker, GA; Aardvark Corporation, Puyallup, WA; or an equal approved in
advance by the Battelle Technical Administrator.

B. PVC casing and screen shall have internal, flush-threaded ends requiring no
glue or solvents and providing a smooth; uniform, outside diameter.
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C. The overall screen length and slot size shall be selected so that the
average velocity of water entering the screen is 0.1 ft/second. The screen
shall provide a minimum of 10% open area with No. 0.020 siot openings.

D. A1l screens and casings shali be free of foreign matter (e.g. adhesive
tape, labels, soil, grease, etc.) and cleaned and sealed in the same manner
as the PVC casing. Screen and casing shall be kept in boxes eor en racks
until immediately prior to insertion in the TTH.

E. The bottom of the screen should be placed no more than 3 feet above the
bottom of the TTH.

F. Schedule 40 PVC fiush-threaded end caps or plugs to fit the bottom end of
the screen and removable Schedule 40 vented, flush-threaded caps for the
top of the casing shall be provided. A1l 10-foot screen bottoms shall be
securely fitted at the factory with a flush-threaded bottom cap of the same
composition as the screen. Five foot screen sections shall be of flush
threaded couplings except for the 6 screens that will be placed in the 60
ft. TTH's.. These 5-foot screens will have flush-threaded bottom caps
similar to the 10-foot screens. The end cap shall be within 0.5 feet of
the gpen portion in the bottom section of the screen.

G. Silt traps shall not be used.

H. Joints within and between the casing and screen shall be flush-threaded
couplings. Heat-welded joints and/or gaskets shall not be used.

I. The tops of all PVC casings shall be installed with male threads
upward so that slip caps piaced on top can be easiily removed by hand.

2.04 Centering Guides

Centralizers are required and shall be placed 2.0 feet above the sand pack.

2.05 Filter {Sand) Pack:

The Contractor shall provide and install filter pack below and around the
screens. The filter pack around the screen shall consist of a size sufficient
to be retained outside of the 0.020 slot screen while passing no more than 1.0%
through the screen. Filter pack material shall consist of kiin dried, uniform,
rounded and spherical grains of sand composed of at least 95% quartz. The
filter pack sand shall have a uniformity coefficient (the quotient of the 60%
passing, DgQ size, divided by the 10% passing, Dip size) between 1.0 and 2.0.
At least 90% of the particies shall have a Powers roundness of 4 to 6 (i.e.,
subrounded to well rounded). The filter pack material shall have a U.S. sieve
size of 10 to 20 mesh (effective particle size of 1.0 to 1.2 mm or 0.039 to
0.047 in.). The sand materials shall be packaged in such a way as to prevent
contamination and water damage. Each sack must be clearly labeled as to the
mesh size of the sand contained. Approved supply sources are Colorado Silica

Sand, Inc., Colorado Springs, Colorado and the Fountain Sand and Grave)
Company, Pueblo, Colorado.
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The use of any brand or variety of filter ({sand) pack (other than the two
approved sources noted above) must be approved by the Battelle Technical
Administrator prior to the arrival on site of the drilling machinery. The
following data shall be submitted in writing to the Battelie Technical
Administrator as a part of the approval request:

1. Brand name(s)

2. Manufacturer(s)

3. Manufacturer(s) address(es) and telephone number(s)
4. Product description(s) from label(s) or brochure(s}

Allow six {6) working days from the time of receipt and information by Battelle
for request evaluation and recommendations.

2.06 Bentonite Seal

A. Bentonite is the only sealant allowed. MNo organic additives shall be
used. The use of any brand or variety of bentonite must be approved by the
Battelle Technical Administrator prior to the arrival on-site of the
drilling machinery. This includes bentonite powders, crumbles, pellets,
etc., intended for grout, seals or hole abandonment. The following data
shall be submitted in writing to the Battelle Technical Administrator as a
part of the approval request:

1. Brand name(s).

2. Manufacturer(s).

3. Manufacturer(s) address(es) and telephone number(s).
4. Product description(s) from label(s) or brochure(s}.

Allow six working days from the time of receipt of information by Battelle
for request evaluation and recommendation.

B. Bentonite for seals and boring abandonment shail be compesed of
commercially available peliets that are 1/4 to 3/8 inch in diameter or
chunks, crumbles, or granules. Pellet seals shall be a minimum of 5-ft
thick as measured immediately after placement, without aliowance for
swelling.

C. Bentonite grout, when used in TTH construction shall be a bentonite
slurry grout or its equivalent. Such bentonite grout shall be mixed to
approximately 100 pounds per 100 gallons of water, or in accordance with
the manufacturers recommendations. Neither additives nor borehole cuttings
shall be mixed with the grout.
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2.07 Protective Steel Cover

A.

The protective steel cover shall be, black plain-end welded steel pipe
conforming to ASTM-53 or A-120 or an approved equal. The pipe section
length shal) be 5 feet with a locking cap. Size and wall thickness of base
shall be 6-inch minimum inside diameter with a nominal 1/4 inch wall
thickness. Steel caps shall have at least a 1/8 inch wall thickness. All
welding must be performed in accordance with applicable portions of AWS D-
1.). A minimum 1/4 idnch to a maximum 1/2 inch diameter hole located
approximately 2.5 feet below the top of the steel cap shall serve as a
drainage port.

Only the outside of the protective casing and covers/caps shall be painted
safety yellow with a paint brush (not aerosol can) after installation, The
yellow color for finish coats shall be as defined in ANSI Z533.1, Safety
Color Code for Marking Physical hazards. Primer and paint materials shall
conform to the following Federal Specifications:

o Primer for metal parts TT-P-645

o Finish enamel TT-£~489F, Class A

The painting of the TTH designation on the outside of the protective
casing shall be performed using biack paint and brush. This identification

shall be done after the casing is painted as described above. Painting is
required to be completed and dry prior to TTH development.

2.08 Surfare TTH Protection

The final TTH shall be protected from damage by the following:

o

A 4-foot by 4-foot by 4-inch thick concrete pad will be installed around
the TTH's.

Four metal posts shall be installed at the corners of the concrete pad.
These posts shall be 4-inch in diameter schedule 40 carbon steel and shall
be at least 6-feet in Tength of which 3.5-feet shall be above the pad. The
post shall be painted safety yeliow in the same manner as the TTH.

A brass survey marker shall be placed in the surface of the pad. The
surface of the survey marker shall be at least 3 in. in diameter to be of
sufficient size to be stamped with the TTH number. The approved part
number and material supply scurce is part number 01602 from Allen Precision
Equipment, Atlanta, Georgia. Other brass markers may be used, if approved
by the Battelle Technical Administrator.

2.09 Other Materials

ATl other materials, not specifically described but required for a complete and
proper installation, shall be new and of first quality of their respective
kinds, and subject to approval by the Battelle Technical Administrator.
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2.10 Health and Safety Equipment

A.

A1l individual protective ciothing including coveralls, gloves, hard hats,
steel-toed and shank boots, and related safety equipment shal} be provided
by the Contractor. '

Monitoring of drill cuttings shall be carried out by Battelle. This
monitoring will be done using an HNU organic vapor analyzer, an LEL 02
combustible gas indicator or similar devices. In the event that
significant vapors are detected, work shall be suspended untit the nature
of the vapors is determined. It is estimated that most delays will be less
than an hour, and any delays directed by Battelle will be considered
standby time as documented by an approved Standby Order, Appendix C.
Recommencement of work may require the use of half-face masks with organic
vapor cartridges. All personnel must have had appropriate training in the
use of such eguipment prior to arrival on site.

3.00 Execution

3.01 Scope:

This section covers the complete construction and completion of TTH's.

A.

Inspection:

The Battelle Technical Administrator shall verify that the TTH's have been
constructed in strict accordance with all specifications presented herein.

Soil Description:

The Contractor should anticipate drilling 1in fine-to-coarse-grained
material consisting of «clay, silt, sand, gravels and cobbles to
approximately 40 to 60 feet.

Warranty:

The information indicated in the technical section is to used by the
contractor to assist him in properly evaluating the amount and character of
the work that might be required. Such information is given, however, as
being the best factual information available, without the assumption of
responsibility as to dits accuracy or for any conclusions that the
Contractor might draw therefrom.

Notice:

The Contractor shall promptly, and before such conditions are disturbed,
notify Battelle in writing of: 1) subsurface or latent physical conditions
at the site differing materially from those indicated in this contract; or
2) unknown physical conditions at the site of an unusual nature, differing
from those ordinarily encountered and from those generally recognized as
inherent in the work of the character provided for in the contract. The
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Battelle Technical Administrator shall promptly investigate the conditions
and if he finds that such conditions do so materiaily differ and cause an
increase or decrease in the cost of materials or the time required for the
performance of this contract, he may recommend to the Battelie Contract
Representative that an equitable Aadjustment be made and the contract
modified accordingly.

E. Site of Work:

The Contractor 1is cautioned to visit the work site and by his own
investigation satisfy himself as to the existing conditiens affecting the
work to be done under these specifications. If the Contractor chooses not
to visit the site, he will never-the-less be charged with knowledge of
conditions which a reasonable inspection would have disclosed.

3.02 Workmanship

Equipment used for drilling must be in good condition, of adeguate size, with
competent operators to insure satisfactory well construction withim the time
tlimits specified.

Drilling of the TTH's may be done by the hollow-stem auger or percussion tool
method. TTH's shall be straight and a minimum of 8 inches in diameter to
accommodate the installation of the permanent PVC casing specified, and allow
the placement of grout by the tremie method.

3.03 Construction Record:

Written daily loos of construction progress shall be kept by the contractor,
indicating size and length of casing installed; character, depth, and thickness
of all changes in formation penetrated; water levels during the course of
drilling; and any reasons for delays. Daily logs shall be made avaijable to
the Battelle Technical Administrator. A1l log entries shall be traceable to
the date, time and workman making the entry. The Drilling Supervisor shall

review daily logs and approve them by signature and date at the end of each
working day.

3.04 Casing, Screen and Accessories

The PVC casing diameter, wall thickness, and other reguirements are specified
in Sections 2.02 and 2.03. Screen sections are to be joined to casing and each
other by flush-threaded joints. Casing and screen shall be set round, plumb

ang true to line. Casings shall extend at least 24 inches above the concrete
pad.

The screens will be ordered in writing by the Contractor in lengths specified
in section 2.03. For each of the seventeen forty (40) foot deep TTH's the
screen length shall be a total of 15 feet. The 6, 60 foot deep TTH's around
landfill #1 will have a 5-foot screen instalied at the bottom of each TTH.
Screens shall be installed by setting them at the depth designated by the
Bgtte]?e Technical Administrator. Use of other methods will not be permitted
without specific approval, in writing, of the Battelle Technical Administrator.
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3.05 Sand Pack:

After setting the screen in place, the sand pack, which meets the requirements
of Section 2.05, shall be placed without a tremie to surround and extend 5 feet
above the top of the screen. Where necessary, a loose fitting surge block or
bailer will be used for 10 minutes to settle the sand pack; then additional
sand may be added to satisfy the reguirements illustrated in Figure 3.
Temporary well casing or auger -flights shall be withdrawn as the sand pack is
being placed.

31.06 Bentonite Seal:

Approximately 100 1bs. of bentonite pellets shall be placed without using a
tremie, immediately above the sand pack. Pellets are to be added slowly to
prevent bridging in the annulus. Bentonite crumbles, chunks, granules, or
grout slurry placed above the pellets may be instalied immediately after
peliets have settied to the bottom of the annulus. 1If grout is used it shall
be placed by pumping through a tremie pipe. The tremie pipe shall extend to
the bottom of the annular space. The tremie pipe is to remain submerged during
the placement of all grout.

The Contractor shall place the bentonite seal around the TTH's as follows:

A. During removal of any drill casing, the annulus between the borehole and
PYC casing shall be filled with bentonite to a point that is always at
least two (2) feet above the bottom of the temporary casing, or auger
flights.

B. Bentonite grout shall be placed through a tremie pipe (or hose) located
just above the top of the seal.

C. After 24 hours the contractor shall check the site for grout settliement and
that day pour the concrete well pad.

D. The protective steel casing and posts will then be installed while the
concrete pad is being poured.

3.07 Protective Steel Cover

The Contractor shall protect the TTH at all times to prevent tampering or the
entrance of foreign matter. After the concrete well pad has been placed and is
reasonably firm, the specified protective steel cover (Section 2.07) shall be
installed.

3.08 Well Development

Development of TTH's by pumping, bailing, and surging will be performed until
the well water is clear, as determined by the Battelle Technical Administrator.



3.09 Cleaning and Decontamination of EFquipment and Materials

Steam cleaning and rinsing of all drilling equipment inciuding: rigs, water
tanks (inside and out), augers, drill casings, rods, samplers, tools,
recirculation tanks, etc., shall be done by the Contractor prior to arrival at
the site. All equipment used in the borehoie shall be cleaned between well
sites. Prior to use on site, all casings, augers, and water tanks, etc., shaill
be devoid both inside and out of any asphaltic, bituminous, or other encrusting
or coating materials, grease, grout, soil, etc. Paint, appiied by the
equipment manufacturer, need not be removed from the drilling equipment. ATl
equipment or portions of equipment that come in contact with water or soil from
the borehole must be cleaned between boreholes by brushing and steam cleaning.
The residue from steam cleaning does not need to be contained for amalysis. A
separate steam cleaning site can be established, if appropriate, for each of
the two drilling sites.

3.10 Abandonment of TTH's:

If, in the judgement of the Battelle Technical Administrator, a TTH-should be
abandoned for whatever reason, the Contractor will be ordered, in writing on a
TTH Abandonment Form, see Appendix E, to abandon and fill the hole. If the TTH
is to be abandoned, as a result of Contractor error or fault, the Contractor
shalt immediately make all repairs and work necessary for replacing the
abandoned structure to the approval of the Battelle Technical Administrator at
no additional cost. If the TTH is abandoned for reasons beyond the control of
the Contractor, payment will be made for the actual depth drilied at the rate
stated in the Payment Schedule, Appendix G.

The abandonment of any TTH's must be approved by the on-site Battelle Technical
Administrator prior to any casing removal, sealing, or backfiiling.
Abandonment requests must be submitted in writing, see Appendix E, and include
the following data:

A. Designation of TTH in guestion.

B. Current status (depth, contents of hole, stratigraphy, water Jevel, etc.).
C. Reason for abandonment.

D. Recommendation.

Decisions on abandonment will be made within 4 hours of the reguest.

Once approved, the TTH to be abandoned shall be sealed by placing bentonite

peliets and/or slurry from the bottom of the TTH to the surface. Grout shall

be glaced via the tremie method until undiluted grout flows from the TTH at the
surface.



After 24 hrs., the Contractor shall check the abandoned site for grout
settlement. That day, any settlement depression shall be filled with grout and
rechecked 24 hrs later. This process shall be repeated until firm grout
remains at the ground surface.

Mormally an abandoned TTH shall be grouted with the well screen and casing in
place. However, a lack of data concerning TTH construction or other factors
may dictate the removal of the TTH materials and a partial or total hole
redrilling prior to the sealing of the TTH site.

3.11 Site €leanup and Restoration:

A1l structures, utilities and natural vegetation will be protected by the
Contractor during the progress of the work. All debris, equipment and unused
material will be removed from Fort Lewis by the Contractor. The property will
be restored as near as possible to its original condition by the Contractor.

Disposal of any contaminated materials shall be the responsibility of the U.S.
Army. '

3.12 Standby (Delay) Time:

If it is necessary for the Contractor to stop drilling due to waiting for the
Battelle Technical Administrator to complete other work, the Contractor will be
placed on standby time, in writing, and removed from standby in writing, using
the Standby Order form, Appendix C.

3.13 Special Work

Conditions at the Fort Lewis site may require special work. This work may
include special perforating, setting special tools, special testing, minor
exploratory drilling, unscheduled rehabilitation, abandonment of pre-existing
Weils, or some unforeseen situation. Battelle may order special work using the
Special Work Task Order (SWTD) form, Appendix D.
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DESIGN FIELD CHANGE

DFC No.
FL-1

(Task 8802) and 4, Fort Lewis, Washington (EES-25)

TASK NO. PROJECT TITLE R
11832 Ground-Water Investigation of Landfills 1

FINAL APPROVAL DATE

8-9-88

DOCUMENTS AFFECTED

Subcontract B-V5209-A-E, Appendix A, Drilling Specification, dated June 1988,
Sections 2.06 (B) and 3.06

The properties of bentonite chunks, crumbles, and granules
are sufficiently similar to those of bentonite pellets to
allow a bentonite pellet seal of less than 5-ft to be used.
However, if a bentonite slurry seal is used above the
bentonite pellet seal, the bentonite pellet seal must be a
minimum of 5-ft to prevent penetration by the slurry.

DESCRIPTION OF CHANGE DISTRIBUTION

1. 2.06 (B): The last sentence should be changed to read, SP Airhart
"Pellet seals shall be a minimum of 2-ft thick. 1f PA Eddy
bentonite slurry will be used above the pellet seal the DR Dah}
pellet seal shdll be a minimum of 5-ft thick as measured] GV Last
immediately after placement, without allowance for Project File
swelling."

2. 3.06: The first sentence should be changed to read,
"Approximately 50 1bs. of bentonite pellets shall be
placed without using a tremie, immediately above the
sand pack. 1f bentonite slurry is to be used above the
pellets, approx. 100 1bs. of pellets shall be used."

JUSTIFICATION

REMARKS

None.

INITIATOR/AUTHOR PHONE ORGANIZATION |DATE

GV Last d ! ﬁ' 6-8527 07034

2-7-88

APPROVALS

’-———

PROJE NAGER QAD REPRESEHTAFIVE'
Gu;fa’éie—& worww | 0 Andd §7)s2

Peer Review
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APPENDIX C

PROCEDURE FOR COLLECTION OF SEDIMENT SAMPLES
USING HOLLOW STEM AUGER METHODS




TECHNICAL PROCEDURE

TITLE: TP-8, COLLECTION AND DOCUMENTATION OF SEDIMENT SAMPLES RECOVERED

1.0

2.0

3.0

4.0

USING HOLLOW STEM AUGER METHODS.

APPLICABILITY

This procedure applies to work performed by well site geologists during
collection and documentation of sediment samples recovered from
boreholes drilled by hollow stem auger methods. This includes both the
periodic and continuous sampling methods.

DEFINITIONS

Does not apply.
RESPONSIBLE STAEFF

3.1 Project Manager

3.2 QAD Representative (Cognizant QE)

3.3 Principal Investigator and Cognizant Staff
3.4 Well Site Geologist

PROCEDURE

4.1 The driller shall advance the hollow stem auger fiights to just
above the required sample interval (every 5 ft and/or lithologic

changes). If the continucus sampling method is being used, skip to
step 4.4.

4.2 1f a pilot bit is not being used while advancing the auger flights,
then the driller shall remove any s0il or residue that entered the
flights during their advancement. The driller shall then lower a
clean split-spoon sampler (also referred to as a split-barrel or
split-tube sampler) through the hollow stem auger flights to the
bottom of the clean borehole using solid drill rods.

Concurrence Date Approval Date

DN A Zovrred )i tr | LA Shimap /s /87

LEI' epared % // M ?’324-397 @DQC?;C r!vfée g!?as?%]

Pracedure No. Revision No. Effective Date Page of
TP-8 0 5/01/87 1 3
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TECHNICAL PROCEDURE

4.3

4.4

4.5

4.6

4.7

4.8

4.9

The driller shall then use an appropriate drive weight to hammer
the sampler into the undisturbed materials (soil) below the
borehole. The driller shall not drive the sampler a distance
greater than the length of the sampler. The number of hammer blows
should be counted and recorded by the well site geologist.

The driller shall remove the sampler from the auger flights, being
careful not to knock the sample out of the sampler. The sampler
shall then be carefully removed from the drill rod.

Carefully remove the drive shoe and the end cap from the sampler.
Lay it flat and remove one side of the split-tube sampier.

With a knife or other suitable object, carefully scrape any smeared
material (top 1/8 - 3/8 in.) off the top half of the sample. If
this cannot be done without disturbing the sample, and/or if the
sample can easily be described without exposing a fresher surface,
then disregard this step.

Examine, physically describe, and photograph (optional) the
sample. The physical description shall be recorded in the
geologist's log or field notebook and shall include the borehole
number, depth of the sampled interval, drill method, wet/dry
sample, lithologic description, date and time the sample was
collected, and any suitable comments regarding the
representativeness of the sampie. These descriptions shall be
thorough, and all entries will be recorded chronologically. The

geclogist's log (or field notebook) shall be signed and dated at
the end of each day.

Carefully remove selected subsamples from the sampler and place
them in suitable containers (moisture can, canning jars, etc.). If
more than one layer of material is present, then the subsamples
shall be collected by partitioning the sample into lithologically
similar subsamples. Care should be taken to exclude the top
portion of the sample thought to be slough or not representative of
the sampled interval. The sample containers shall be labeled with
the borehole identification number, the depth interval of the
sample or subsample, the date, and the geologist's initials,

The sampler shall then be scraped clean of all foreign matter and
washed with water or a pre-approved detergent solution. The
sampler shall then be rinsed clean, and reassembled.

Procedure No. Revision No. Effective Date Page of
TP-8

0 5/01/87 2 3
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TECHNICAL PROCEDURE

4.10

4.11

4.12

Samples shall be labeled "Suspect" and/or discarded if the location
and depth of the sample is lost or unknown, or if the
representativeness of the sample is in question.

If physical analyses are to be performed by PNL's Soils Laboratory
in the Sigma ¥ building, the samples shall be hand delivered to the
Soils Laboratory Coordinator or his representative. When the
samples are received, the Soils Lab. Coordinator or his
representative will log the samples into a controlled notebook,
along with the date and time they were received. The samples will
be logged in and always identified by the borehole number and depth
as clearly labeled on the sampie.

If chemical analyses are to be performed, then the appropriate
sample handling and chain-of-custody procedures shall be followed
as listed in PNL-MA-580, Environmental Monitoring Procedures.

Procedure No.
TP-8

Revision No.
0

Effective Date
5/01/87

Page
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APPENDIX D

GEQLOGIC SAMPLING AND WELL CONSTRUCTION DOCUMENTATION PROCEDURE




APPENDIX D
GEOLOGIC SAMPLING AND WELL CONSTRUCTION DOCUMENTATION PROCEDURE

This appendix contains the procedure for collecting and documenting
drilling data that was in place during well drilling at the landfills.
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Pracedure for Collaction and Occumentation ef Ori1ling Data
P-§ for RCRA Complianca/Hazardous Matarials Monitaring

1.0 QBJECTIVE i
This procsdure vai qes standardized methods for the ¢ollection and
e by the- cabi toa] pethod, || CoTSETAction data, for wells

2.0 APPLICABILITY
This prccEdure-applies ta work performed by well sita geslagists during
well canstruction.

3.0 RESPONSIBILITIES

3.1 Well Site Gealoaist

« Collect and document df1111;g dats .

3.2 Senfer Technical Re#iewer _

o Review and sign/data Well Campletian Report/Title III.Inspectian Lis=s
* Review ahd'sign/date As-Built Diagram |
o Review and sign/date Orill Lﬂgs_-

4.0 PROCEDURE

4.1 Callecticn of Sediment Samoles
e eton by the wall slee qeolagiss. AT dH1T araysg s panges In.

~ shall be callected from the driller in a 5 galion bucket. -
Twe pint jars shall then be filled from the bucket. One jar shall be
submittad far labaratory analysis and the other ratained for archiving.
A Jael tngicating well mmber, dapth, data, dritiing ethad and ingcials
jar. Well number, depth and datz shall aiso be writtan on the 1id of
each jar, -
Agprovals:

Projecs Hanage%&« :!u./slf‘ Rep. AL?A? /LQ@//{/ ﬁ/’é /5’ 7 '

Fraocedura Na:
P-6

/|
Page 1 o7 3 l

Revision Nao:
9

Qate Issued;
2-H-87
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Pracadure far Callection and Documentation of Orilling Data',‘ p-5 (cnntir.ued)

If tha well {s being drilled with a drive barrel above the watar tabla,
a moisture sample shall also be callected from the bucket. Each moisturs
sample shall be sealed with white fdentification tape. The well numser,

depth, data and initials of the geologist coliecting the sample shall be
recorded an tha identification tape with indelibie ink. Each moisturs

sample shall then Be doubly wrapped in a plastic bag, and taped shut.

The remainder of the sazmle in the bucket shall be usad for sedizent sample
descripticn. X

1.2 Daocumentation of Sediment Sammles and Well Construction Data

Sediment \sam'ple descriptions and well construction data for each well shall
he recorded on a Well Compietion Resort/Title III Inspection List {Attach-
ment 1), As-Built Diagram (Attachment 2) and Ori1] Log (Attactment 3).
These data shall be recorded daily by the well site geslogist. Nenappli-
cable items shall be designated N/A. "

The Well Completion Report/Title III Inspestion List provides a complets
summary of weli construction and compietion data. Qata recorded on the
well Completicn Report/Title III Inspectian List shall include: genera)
project and well infarmation, drilling setied, commletion data, casing
data, perforaticns, screen, annular seal, gecphysical logging, aguifer
testing and other applicable items. Casing data, perforatiens, scraen
annuiar seal, geophysical lagging, aquifer tasting and ather 'anulica.'-ﬂé
items shall be apprgved by the well sita gealagist. After comoietion of
the well, an overall raview of the Well Completian Repert/Title III
Inspectian List shall be pervarmed by the Senlor Tesimiczl Ray swar:

The As-3uilt Oiagram is a graphical regresantation af the well construc-
tian, geolagic and hydralagic data. Qata recorded an the As-2uilt Qfagram
<hall include: well number, gealogist, page number, camstructicn data,
denth in fest, gealagic and hydrologic data. After comietion of the '
well, an averall review of the As-guilt Diagram shall be parfarmed by

the Sanior Technical Reviewer. -

The Orill Log ccntains detailed descriptions of the sadiment samples and
well construction data. OData recorded on the 0ri1l Lag shall 1n'c!ude-.
geologist name, date, rig, well numer, denth at start, desth at Finish
computear number, praject numoer, subcantract nushar, total casing dent';
dri}l method, wet/dry sample, 1ithologic description including mu;stv e
sampie data, time, drilling comments and remarks. A new Orill Log shaf? )
he used azch day. Aftar completion of the day's activities, tha well sita2
geslogist shall sign and date the Orill Log. Aftaer comnletion of the -
well, an overall review of the Orill Logs shall be performad by the

Senfor Technical Reviewer. "

Precadure No. Ravisian No. Data Issued:

W Page Z af 3
P-§ 0 2-te-S7
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Procedurs for Collection and Qocumentation of Oriliing Data, P-§ (cantinued)

4.3

Qescriction of Sediment Samoles and Well Camstruction’Oata

Detailed descriptians of the sediment samples and well esnstruction data
shall be recorded on the Orill Log under *Lithalegic Description* by the
well sita gealogist.

Sediment sample descriptions shall include the follawing information as
a minimm: litholegic name, taxture, sarting, gross mineralegy of the
framewark and matrix, roundness of the framework and matrix, wet/dry
celor, reaction in hydrochlaric acid (HC1), consoiidation and changes in
Tithalagy.

Well camstruction data snall include the falicwing fnforsstion as appli-
cable: drill method, drill depth, campletion depth, driil rate, casing

(type, size, depth and langths), perfaoratians (type, desth and schedule),
ccreen (type, length, slat size and depth), annular seal (type, interval

and volume), packer (type, size and depth), well devalopment and desth 2
water, )

4.4 Qata Management
Aftar campleticn of the praojeci, the original Well Completion Renert/Titis
III Inssecticn List, As-8uilt Diagram and Ordl) Logs far each wall shall .
Be retained by V. L. McGhan gi the PNL Geasciences Qepartment. A copy of
each completad form shall be ratained by the PNL Rezards Retantion Cantar.
2rocadyra Mo. . |Revision Na. Oata Issied: Piga 3 of 3
P-3 0 2 -lL- g
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Procedure Mg, P-3, Revy. Mo. 0, Attachment 1
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Procadure Mo, P-§, Rev. Nao, 0, Attachment 2
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APPENDIX E

WELL COMPLETION REPORT, AS BUJLT DIAGRAM, NATURAL-
GAMMA LOGS, AND DRILL LOGS_OF THE_NEW WELLS




APPENDIX E

WELL COMPLETION REPORT, AS BUILT DIAGRAM, NATURAL-
GAMMA _LOGS, AND DRILL 10GS OF THE NEW WELLS

This appendix contains field documentation compiled while drilling wells
near Landfills 1 and 4. The wells described include

e for Landfill 1

LF1-PNL1
LF1-PNL2
LF1-PNL3
LFL-PNL4

e for Landfill 4

LF4-PNL1
LF4-PNL2
LF4-PNL3
LF4-PNLS
LF4-PNL5
LF4-PNL6

Note: no natural-gamma log is available for well LF4-PNL3 because no
geophysical survey was conducted at that well.

E.1






WELL L F4-PNL1
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By Aig Welt Number Camputer Number Projact o Work Order No.
DRILL LOG AMARAHART B.E£. 11w LE - prsl 8= 2
Dae L. Eolbemo Depth PN Subcmtract}lo.
B-20 - B8 20’ To z07 A
I A OOl pERCETON Ap——
% . .
A 13-25 "\L!Lw\] splil-speon
2o blaws /677
. 2526 | 55 w MY DDV SAalbY Gres/EL " r...s'/.qluvpl. % o, 15tk |12 30 .av blows /&
2 NP, BL P\ S P, 26 EP, ZS7.WER, |0 T ves, Bo blows /1%
B7-c5, B ams, 27 F5-ufs, 15% silt 3 WVevy peorly <ovbeds Dvouv. 137
L%vava) A-sR clests Aflﬂu\,lmg'{l.u} ?oflpluan; L.Ii;:‘ Recowirved 13%"
{ecwd) N-3SA .q‘:\__u..m - wride assorkuwd oF [-'H,."; '
wieh calow elhioe Qren  BYSIZ 5 WO o vy 4pt
"el 1 c.mput.l--cul I-v«..h._l—‘-—‘u .
348 | Raavwad d";”";“;‘,
Able bo deitt ~ 2!
; opim — i Hadr morg
: it ov Wove (sl
1nd | Cracelead baste oy
baA) 0?4103 YowmesH
Ao ,('tad..wa -
14:50 PJ&I:«-\' e col bsp00
REMARKS:
= P A _d
B-26-88
D - Drive Barrel  H-Hard Tool L -Larem M- Madiom  S-Small V0. Varv Cnarss . Cnarse - Eine  VE . Unes Fios Strnrine Wame
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e 3 oF 4

PR Y a-tale 1"’;:,'/? "
By Rig Well Mumber Computer Number Project or Wark Order Mo,
DRILL LOG Da:‘RH LAl 6E 220 Dep::m- et A Subch}tzﬁlnz,J
B- 2t- 88 L Getbova »o” o a3’ ~a
cTncs'.t:; Depth 1 ity '!ZL’.?-L" % Esch Gu:'::Tsri':(:.L gfl::? ngr?n;l:':‘:,"g:icha, Etc. Time Drilling Comments
1 -
3 j4 sy PO bt m qdpte-Se ol
deit) ve ke =
. los b I;';..-‘-(.—uc-\[_
1500 Ta’at—u\l epll- spoanm
blows /L = 28,850
-3V | &5 L MvDPY Ses DY GRAMEL T WP av ] Bo'd send 0% 1§25 be blows Tos 27,
oY —  move seud jw  %0.y-31 twlboval Yo o Prove 157
20-30.5" anbevuel - Y7 eP, 107 4P, 28 % FP, 4B4 vep Recoveved 17
1S % veS, SYeh, ?'/.ms,é'/. VFS oV sill YLy r:ba-—&;
'So/l'ltj (ﬁ'ﬂunl‘ A-5p Mosl!\' SA-SE —  cipre !
v Gund) AR gyevie o wek coloy  elive
G ey Svsiy ~o Yru. ) Jofe MLV < 5(-‘SIA{-IL',
shor dvill;;u..(] I, lts‘; covapatd ot Ao, Pres. Sowple
; Move s less 1:1:41.. thew  prev. . pls -
Wi2o  jeub B 17 g« casiey
a 3'h -1 s 9a'nh”
Added 020" d o .
Yo'z 2a' 102" - qo'ar
REMAAKS:
= e A (__4
) B“Zioﬁ%:".
D - Oyive Bareel H - Hard Tond L - Larne M - Medium S - Small VG - ey Doarse - Cnarse F . Fipa WF - Were Fine Biandinn Waier e e
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By Rig Wall Number Compulter Number Project or Work Order No.
T - Pr
DRILL LOG AIPHA B 8.€.22w LE1- P Wg3z
Dare Depih , TN Subconiract Na.
B-2Us- B8P L Buthtwa z3* T 3| oA
Taonal Orill Wet/Dry LITHOLOGIC DESCRIPTION . -
Casing Depth Merhod Samnprhe % Each Grain Size, Colos, Roundness, Calicha, Eic, Time Drilling Comments
] - '
y 1S.45 | v cegioAd
¥ W
lb"aa & lw'{ ‘}:‘w [
i
r
REMARKS:
~B-l6-88
D . Drive Barred H - Hard Toot L - Large M - Medium 5 - Small V- Varw Coarse G - Gnarse # - Fine VF - vere Fine Syandinn Watar PR
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1A o

P
ot L wils: LavdFE g l\
By Rig i wiFhu Well Number ICompuier Humber Project or Work Order No,
MEHAET B yrus Tri LFY - Peid nwes=mz
DRILL LOG B 22w Depth N Subcontract No.
8- Zo - B8 Levirg Bl bevia st Ta 27’ e
Toial Drilk wWe/Dry LITHOLOGIC DESCRIPTION . -
Casing Depth Meihod Sample % Each Grain Size, Color, Roundness, Caliche, Erc. Tima Duitling Commenss
Y -
4 o75F | sbavkbed i,
p—r
1o 242 Pty n,\....1 & -:-,El-l——‘,p.:b
. o125 Yoot 2nl b -spoawn
b\ou—ls_[!.ﬁ B2 N i M 2
35:3.’,.0, <. 5 W MY DDY S&anpY GRave ), bed Srheel BoV, memd 0 & drowe 1"
Vo % waod - O™ MCP _ JO . CP, 10¥%a aAP, 1YY TP, 15 NER !ft.cauf_v:.(—l
! S*A NS ; B S, k0t eas , (8%, FE ~-VFE | 18°A wavd S
' wevy poorly . bed Clenls _ave  A-se |
=g ancl O~ b1y [T 2 - AL A Air[{r‘t_v\.i wichbawm. N
TN
icagvt “\'\ﬂ-‘uau-: V*?fr)i-y\,r(‘ = weel color
oli i towmng SYefa 1m0 rxM o) JOF . ML T )
ey
cleitls hcvo‘ - C-GM;SDIJC,'Lf ((l {7} - Took 2 =..1.
somplis ovd 2 olislos (apld Spepw 4 wesh-od
L]
caw plc )~ sect alnr{urr euvide .»" - I o A AR g
' 3
“‘-Oo e-(sn..wrl' -—.{v;|';wf
: } t ! \ond ,
Evngounlered vicber P~ 34 Lelows 122
REMARKS: u
&- 2075

R —
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pwh.,'r_afq

b=,

By Rig Well Number Computar Number Project or Wark Order No.
Al AT B.E. 22w I T nesz
DRILL LOG Do ot Bepth ST Subcontract No.
8- 20-88 L Bethe =7’ To 44’ A
Toal Drilt W /Dr LITHOLOGIC DESCRIPTION . -
Casing Depih Metl‘md S::npt: % Each Grain Size, Color, Roundness, Catiche, Eic. Time Drilling Comments
% ) . - .
K t?—-—- 25 Puﬁ-'a\&l) & pr l‘-‘.}g’:‘l"‘&?ﬁﬂ
B ALz S TC.I‘P‘M‘I 51:\.\— “Rpoost
i blows fi,” = 32,2548
0-41 Ss W ARBY Soawel i  SoY qlgwa.\ 4o semd Sh si H 4o | BSve ey
7 /eS¢ ; S e T <P, \D%, aAR, patL FP, \LAVEE, Q.LA.OVLY’(‘S' 1o
s st
S LS, S CE 207, ans% AT €£5-VFS — " poosly
]
s-./h_d -~ elegts A-58 L Sewd ‘\uvau-gL B-SA
" .
- wide srav.ge of bdlaoteeaey o web  color
o . v L . - £y l -
Lot %M__S‘( 173 Tsak 2 s<d 8 Oty g
2 _eletey  (spliligpoon Y westad sewapie)
"‘0' ?!-‘ - 12-59 vk JF 1 ?L‘ oA a5 P
' 40’2 YL, Yo' !
45" | ¢ B cdaing 110 [Rdded 8" 0f 87 cas,
. \ o'l v s = A5’
13:25 | Diving coayimg
J -—
13 25 2enmmed Brit\.\va
i <o ﬁh?o{d Tyl “.4
REMARKS: LA L :,l
B-30-88
0 - Dvive Barral H - Hara Tonl L - Laroe M - Medium 8 . Bmall M . Weee Coaren - Coarse F . Finn WE e Fion Srandine Wineny
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19 b wavr=e - 9.7 mestein s ee b ST owp 1.

[ATE h((l_—'---‘;-.. POLJb( = ’.,{" l{

ORILL LOG

By

Date

Rig Well Number ompwier Number
At LA RT 8.€. 1200 LEV- PraLel

Depth P A
£-20 -P% L-Bullena | cpmpr g Tiand To

Projec) or Work Drder No.
We 52

Subconiract No,
A

Toval
Cusing

Depah

Dhik
Method

Wet/Dey
Sample

LITHOLOGIC DESCRIPTION
% Each Grain Size, Color, Acundness, Caliche, Erc.

Time

Drilling Comments

1

b‘/E < 441—' bflow lf«v\(‘l -‘.‘.vvr-g-.(..L

&MPMSICG—'”% ‘\-‘b‘gi‘j\f.-c‘ Lol waf pded. Fwo\.:*.

1S 100 ~—

(L' - 42.10)

Clhiceled Lole wf Hny 1074 W3 ovobes)

Mo Yis ponise

v do

ACIC‘((‘ ".'L-(_ rpl\owlv\._&‘ Hee -‘ﬂon\_l =1 ‘-'l| Cl‘f-\-‘

PVCe:

150" 2lalled (22 slod) seveemnm

] o ’
0 -0 Lﬂ-slv\__-tT w! -Q&V\*’vplukt" g' R}aogg St e £

3

I.D-ODI Cc.&:wa

Tetel Puc =4S 72— s

86.42]

Added .57 of PUC. cosiac (6:34:88) .2, Totel Pve s

Botos ) St e Lod G437’ Letaws laweh

Lo l,_,', ot Scveien, ?_g??)

|\ 7.00

Acdded 3 voe b "um‘s ol 20 Col. silue $end

Djeond

1705

REMARKS:

=.ph 3

8-30-88

D - Neive Barrel

H - Hord Todd

L - Larm M - Medium 5. Small VG - Very Coarse C - Coarse F - Fine VF - Verv Fine

_ Swandine Waier e me -
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Py
By Rig Wal Number Camputer Number Pioject ar Work Oecder No.
DRILL LOG AVIZ v AT AT TIN LE- proLe WBETZ
Date - Depth Y- Subcontiact No.
- 30'9)8 L. Buelbena £ 1A PL.E_-TluﬂJTo oA
Taat Orill Wer /D LITHOLOGIC DESCRIPTION . -
Ca‘:i‘:g Oupth Ms:hod Sa:nplr: % Each Grain Size, Color, Roundness, Calichs, Erc. Time Drelling Comments
b Potied 5" c_a-.slv:-{‘ b ar’ bafy o le «of 17225
bzs-f- wd 7! | P Ve d 17:2)
Potled 8" covion Yo 41 Lelow lewd 17. 310
-y T
Dfs:.«u.cl: is' below la (735
Added 2 beis 1070 Col silice serd Yo 28/ MY
Poled 8”7 ca-—‘n,:“\ o 38° Melow leaid 13:57
¥
REMARKS: .
sep Al d
2-30 88
F . Finn M Ve Fias amm B e

0 - Drive Parrel H - Harg Tool

L - Larga

M - Medium S - Smalt VG - Vary Cparse - Coaree
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N - Peive Aareel

grge Voot 3
F By Rig < rrs g o WeH Numier Computer Number Project or Work Order Na.
DRILL LOG AR HACRT Bucyrus Fvic el - ALl Wb
Date 22w [Fuplh YN Subcontract No.
- B - B Lovag Bubbas | cormapoin 1ioaa To Iy
(:Ta':::'g Depih ME::::d g::::ﬁ:: % Each Gfali-l: Ts';l::‘l_ 33::? 3 Efr?;i:’g:iche, Ew. Time Drilting Comments

N . D conim @ 28° helow lewd @128
blogirt 32.¢" bLelews e i o U

- Potled & r.c‘-!..rv-—‘l {e 25.% 7 beloe le o) °gi10
D /send = 337 belaw  Veeand los1y
P\dc\tcj 2l Bng,s 1o-22 (ol s-ln(.c—- Sl ¥ 237 2815

Poiled 27 C‘-S-l:..ll ‘!v 3.8 belew ‘in") O 25
Dlsewd = 2’ bidow lewd 20

. Putied @ rc.;u:ptw o 20" - 0, - 4,

Added e \ougl, \o- 20 €ol. sl e Scuand od U,

Cotbed 8" cosim e 215" Lelow o) P

Df s nd 55" below | . 0001

pAdeled N "9“-{1 ‘.10-20 Col  silize  Send hs 2! 05 .08

Pollad B cms.m.-i L 24’ balowwr Voo lo-05

Disevd + 23.97 bLeluws Veod (Cioel send ol F—’““-") V0. 0k

Added 2 B gul  buwlkels Em-f'n'm_zl\iﬁ I puticts 040

_D'[ t_}llh%’S =z |8-3, Lo 1:‘}‘4!) io. 1z

oiled e cc.;.-:-ll L, 21247 below land 1610

Dpetleds = 190" belom L) 1016

REMARKS: b L(._M/l
23128
H-Hard Tanl | -daree  M-Medism S Small VG- Vers Gearse M- Coase F-Fine  MF . Veew Fine  _ _Standinn W;arnr ammn e
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pege > -1 3
By Rig Wall Number Computer Nuraber Project or Work Order No.
DRILL LOG ot T AT BE 1w L FLC P oA S .
B-21-96 L. Buth i ComaPre Tiasd 1° —t
Cuing | PP | emoa | Sevpie X Each Grain Sits. Cotor, Roundness, Caliche, Etc. Time Drifing Comments
¥ : Porlcd g~ cayiny b 20.3 below lea-d |08
Ofpetlels 207 below lewd (Livel peiie} Nk
de ph)
Added 2 _Se b sy of  Eavicople Med bodd . |iinig
/Lol = Wu.g7 Lelow PR, 1t
Poated H° a.s:i} b 187 belaw Vor s n:z?7
Plocnt « LS’ lo¢lgn Yo L3R
A__fjcltd %, 'lo&a.‘s Eqvi\rp!a.lw_? ool o "?.'i" Lelow lewa] 1V dz
Petled 8" cos Yo 125" brlove lewr) ALY
Ofbeal - T 257 belon \ewd \2.20
) Pull«? & cas -w\ v ¢ 10 el Yeornd 12t 2t
Added 3 bers Bavivoplog bourd b .87 bode, L] 293
Purled 8" ec.,;.;;_,g | é' Lelow P 12:55
b!L‘r‘\nl' 2’ lotjouw I(,L«‘J 2.5 & ;
Added | h% Gnvird'plvﬁ binl b +.€ above loaud s -00
Potied 1 eagaining 2" (‘o-f-w:sl oubt af taae 13:20
O/ bt = 197 bilow lawd  (fined banl Aeplt)a:2s
Stavled k‘v\il--‘-\c.: wit 3 derl bailer 3026 1 1348
AEMARKS: -
sk o A
— B-31-8%
D - Dyive Barsrel H - Hard Tool L - Large M - Madium 4 - Small VC - Vary Coarwe C - Coarse F - Fine VF - Very Fing Swanding Water # EARA AN I Acy




0473

poe,. o3
By Aig Well Number Campuier Number Project or Wark Order No.
DRILL LOG Daﬁd RAeider o R ¢, Dell;tf 1= prit N Subclo:f:c:il\l:?-—
B8-31-89 Car AL ETIVA 10 ~ A
Covan | O [ vicwnod | ‘Sample % Each Grain Sise. Color, Roundneas, Caliche, €c. Time Drilling Comments
3 v ek 7 fa Uy slbumersible poaap  aw 3150
Vole = boed e A(v(..}vpmt_,-—}' .
. Rew prwap  inbevisn lw..-'H\l Cvame 10°CO -do -l1Ttig
Pewnped {50 - 200 Qe s Yoo bole . wueber
chearatd  vp . Lo sce Lo ot 5 (é'gllou__
ekt vl Tiplgod ~f  praapeod  wedeov
Ll bybidibg . Sew o snell oweveh
{ wlive Ol -F\at.-‘l'lv‘-l\' Ven Pvmpcc‘ walu .
Coold e Yve. :sL;c.v--;‘-q'A or Lidow: Fe @wd -
Yon 8 (Su‘low beebils .
W th Pﬂxl.,c,(d- ~ . 3 e @ end ol deve ,opn.u,»l .
b"f.‘- most  \oles av-ol ¢ ¥ 5urJt.«u_. Pc«cl \S oo~ [1T7:50
Yvome . Noty; Nohc:u:’ +lz-p-l' Led e
by iy 'CmSa‘iclk‘l‘({} af “o-ls o ¥ ﬂ’ﬂ“bl
ok Lo Ai%%.;wp\‘ P"'S‘} Liolen (k" clu_,r)
AEMARKS:
. =t P LML,J
£-31-£8
D . Orive Baset M- Hard Tool L - Large M- Medium  S-Small  VC - Very Coarse  C-Coarsa  F.Fine  VF . Very Fine

Standing Waier

A-6000.121 (5.95)
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P’-al | .‘: l

d. By Rig Well Numtber Compuier Number Projecy ar Wark Order Na, .
DAILL LOG AI&-{AE"— PriL- LEI~ Py Wwaza
Date ks Bl Oepth WX N Subcontracs No.
9-p- 88 Teek ol AP LY To iy
Taral Orill Wet/D LITHOLOGIC DESCRIPTION . ah
Casir:Q Depsh Me:llmd S::'npl’: % Each Gsain Size, Colar, Roundness, Caliche, Eic, Time Dritling Comments
A ] ’ " * -
Dfuie %6.80° bilew dep of 67 pretechuc SN (Atoel) U
W= 20.807 - s oo * i by
Lzr Pfe. = 4&:»{-‘3?:,_” " - . " ’ 19
Sl HIDEotAE oponp (2 A%’ below top oF 7 “‘% 1b: 60
Broun puapry [ Po1e: will was slreads g
divelpped wp Svhuagrribly pemp s,y witl
el pege well _thenw semple - | well vptowe v 65 Jaels)
Tozk., 2ouples  Yor eclcwccal  awmalysdy il el 11748
will e ?¢.m‘- run g bq‘ Am TEsT
Took a  ceplicidy sed  of  sawmples. 4_[)55'
Q‘i&iﬁ.—mﬂ% HYPrResTAR, — te%
1200 Weond o —
atnked Yoot leck of oli- 1olzd
=1 P w Vi ls. |28
REMARKS: o
st e A3
214188
D - Dnve Havrel H - Hard Tool L - Large M - Medium 5 - Small VC - Vary Coarsa C - Coarse F - Fing VF - Very Fine Standing Water L T







WELL LF4-PNil
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Peqt T -t Z

By Rig Well Number Computer Number Project or Work Order No.
DRILL LOG Da.ilKHAIZ‘T PE. 22w oemI;F4 S ISTN 5ub‘c:;$: Nol.-EWIS
1-27- 88 O YL E(nD L’ To a’ PN
(:Ta‘:-‘:; Deoth [ it “gif:.ﬂ?' % Each Glat_r:TS';‘zS,L gﬁl‘f F?Efr?g\g{,lg:iehe, Ewc, Time Orilling Comments
s 9 10% HE - vaucowselid a-lw—o‘ ;Mo 5£AI'M¢wLa?1\f:5'}vv¢-Imy{_
eviduat, Meistwe sample wer teken |, Lowcver
— seds  wieve wit o, Awrs ”l-:u\T weler (dviller
Al wot  bail befove duking  aplid:spson sumele
1630 Wc.lda;a.L'G" devive
shoe
ZI'S%L of 2] as;rli oo | Add<d 2i'8%y" of
8" casing w) shoc
M3 Slavi Devrvn
REMARKS:
SEP. A L_._yL
7-21-8%¢
0 - Drive Barrel H - Hard Tanl L. Larom M. Macliveny ] - St U Vne Mancen & Craven oo i - ~ 'y
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O

Free b ef 5
By Rip Well Mumber Computer Number Project or Work Chrder No.
DRILL LOG SAIRHART Be.2aw b4 POL A Al e
7 2880 orIEeD 8’ To o’ A
Caimg | Pt | metmoa | ‘Sempie % Each Graim S, Color, Roundnsss. Calichs, Et. Time Driling Comments
zn!—%" p . 09:30 | Sluvied b"“”‘ﬁ“jl
-~ lo .30 Do iler n:-\cli'qa."f_g]
— ! -cowMoJ-l;..- Fa Luvcj—
' ot covsalfidabed
‘/‘lou\k\/(\/ - [aas,,'u\&l
'mucl.
V-0 Dviw‘:“g Cﬂ$"*j
Hes Added - S aels H
Color cham,tf_ @ o-w .wd eolov ey  davk ohwug W20
Qrey SYBIZ.  wow \s l{ggbd ahive Svay SYbf2 w3t | Reited
Formatan 0pplavs  wuelh  sither - 1135 ?\H‘i‘t\;\/i' on_gplit-spoey
Mowitovesd  Liole y / ”:NU Ploloionirer VD 2 en 4 g s
1.7 ew probes No{"‘niw:l Aekected.
120¢ Tta.lm:a-, 5%:[.'}-5‘,”\._
23 b\ows/ L
20 blows / &
.0 blaws / &
REMARKS:
— 18" Ssanple
sp AL 1" 7-28-g8
D - Drive Barrel M- Hard Too) L -Llarge M. Medium  S-Small  VC- Very Mearse 0. Coarse  F . Fine U v mo LAY



6L°3

15 Lge:

e

-

1 e

5
L b Fros .-{,. i b ] ,L..J,.}I-z b - VI I 1l

pege 2 ok S

DRILL

LOG

By

Oate

Depth A

Rie Well Number Computer Number
MRHART B.E - 22w/ LE4 - Paril

Project or Work Order No.
FORTT LEMSIYS

Subcontract No.
b

Total

Casing Depth

Orill
Method

1-28-88 orvwe o 1o To 45"

Wet/Dry
Sampie

LITHOLOGIC DESCRIPTION
% Each Grain Size, Color, Roundnaess, Caliche, Eic.

Tima

Drilling Comments

‘ L
21’534 110.541.

2] BFLAT
5 | sveoos

W

12: 22

BWTY SANDY GEAVEL . TBY avevel, \S7e sand, wv”.;u‘/déy

L% B ,RAHVCP AT cP) |EmP, 204 FP, 20/ NFF, 5hvis

2hes, Bhms, BNFS, 10 YES, VO silk-Jeley ¢ Vu\t{'ﬂoflj\!

covhed - lq!@\;t.‘) ﬁhﬂql. - Subf{ouwé , 3ol basell, HY Y

A tows (\“L-‘VC'NIA-\ Perplivry | Yl‘Mﬂl;"‘l W‘Q‘g&ud\:ﬂfodsﬁ
5| — 31 — =+

1277, 5&“-&;‘(-1“\{_ 1 WLLﬁSO.A:‘S 1 Sl c%gav*‘& l’. eliert

Li&“dl éﬂq - 5ub&v\,ﬂ‘l- , Bati boswlbie , Bo'/ a}h . c,htil

grwvh-.'l~¢ 0 % u%,\.. (acL..":vtA-g'L ;3 _geler LwedY slivg

%1&! STE/2 (dp] ll.,?_;}n" avat_f s 7iz - BNO vrAL wf

10% 6C1L 2 uaragsplide bed. Ao subimenlavy shruchy

pvistvied :  NOGISTURE ‘SAMPLE  Nof TAKEN -Too MMucsd

%

Datitiplly WATER .

oeoiller fudiembed Aot vedbe vmcecasesl @ 2S5 -3

ey

?vobmlgh' o :muadul levas e

1390

PQ%L;-&.‘ oy 5ot b-3Poon

REMARKS:

Al

sephl L

-Z8- 28

D - Drive Barrel

H - Hard Tool

L - Large

M - Medium 5 - Smail VL - Vary Coarse C - Coarse F - Fine VF - Very Fina

Standing Warar

A-5000-021 (5-85)
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2 “‘.-._ , o« loeswmts ?.clr-q.[,:llg L= e P""]f- r .,-;-' =3
By Rig Well Number Computer Number Project or Work Order No,
DRILL LOG ARHART B.g. T LFA~- P YoRT LEWNS
Drate Depth A Subcontract No,
—4-28-88 ariME D l‘;' To 29', pon
Total Drill Wet/Dry LITHOLOGIC DESCARIPTION . _—
Casing Depth Method Sample % Each Grain Size, Color, Aoundness, Caliche, Ec. Time Drilling Comments
L | | 1'% So 'T}Lh.m.ﬁ split - cpeon
H blows [&"
B30 blows /"
Tor
19 Llaws / b
—_— Tb'}'cl\ l&" gc\wpl.(_ —
Dellev Flinks we encouabrtd guatbey Av-"""‘} ! (15~ 1. 59
ﬁ.pl i‘l G ooy Sa-vnpln‘v\,:‘ -
, SeLT
15 Svaort w/ SHM YT GRAVEL 407 Avave i, s send, 87 5t - 13:5%

LA VeP, B CP, \0% MP, 107 BS LS NER, Shves, 0% ¢S,

2o Mo\ £3, S4 VES S sl very poorly sorted:

quaval} oA - SR 1 ST s L Povista wvy 25% baratd

v

25 %  bveccio L e fased ..Mc.nlc-.fo} 167, claiert cl'h,, Cs::..md)

A-SA, So' ab ,elieet 0% Lasalt | 40% pachem & vaal
L)

rqt_,lgh ‘prn..m_ M colov (W*—*) f“lllL:'t Do s L
h%]

(dvig) wille 2.5v 817 2 Na vyv. wy |o*% HC ®

LA v Sal-’a{u"tc{ ’ Agp_{_avs ‘l’t kt -("‘nivtlu{ ivl,-!—(w!?{_dcl

L.

M—n'Q,L l, greve! v e Ll ]aqcv;,

REMARKS:
| =te A_L_3

T-29-88

M - Nrive Antral H . Hard Tanl 10 oapmn LY T L TR
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AR N Tl Ay N L -
By Rig Well Numbear Computer Number Project or Work QOrder No.
AR ART B.E. 22w g — PA LA FoRT LEwis
DRILL LOG Pore ~ Depth A Subcontract No.
7-26-88 Or WEA O 20’ To 2’ A
Toval Drill Wet/Dry LITHOLOGIC DESCRIPTION . Qs
Casing Oepih Methad Sample % Each Grain Size, Color, Raundness, Caliche, Etc. Time Drilling Commen s
2-?15% X 1¥:Co Pun:f} ow split-spnond
- [ERE-T- Taol SP\L&‘S Plow  Seiwp)
, 12 blowes /&
lo blows /b"
1X-] blbws !L"
S hlows /0"
— Todel 24" sample
25’ ~ 227
7 f.rl-ﬂ’
4 smaonl | W SISy FarOy Gesve, - Tl qrevel, 2pYs s 16%Vasilt: iS50
BAves, FHn, 8 mE BU S, LTAVES
[ s, 2% vew, Scp, 150 Me, LS A FP, 237 VEP 107 50 ],
very poovly sorked @ {gra~add A-R, BEXL \an.
poarpl wva | P ] t‘g.(»: N LA E‘g‘!& "- 4 f&la ﬂ' té !_C:L'l- “a'/-
T = L4 T
34_¢1.M<..-1-¢‘-‘1 L 'W\\d-a_s.(;\hwc.,i..-(; [ql,*'-l-\"n,) H (mand)
s 772
A~ p WMWWWL H
calev (_w¢\") olive avaw  S¥4 lz (dry) lialo b G o
28Y 7l No vxn. vl 1987 HCL 1 senni- C..ow\pr.-c_-f-tf'(
b . . * .
gravel Jon o 5;”—1 'Vmaxl“ru...) — umcwaal-clo«!-cd -
No sed. ‘Sl-ruc,lvuye ?rce.tvw,c_\ . N" s l—uvt_ <4 mp‘*.
REMARKS;
= P. A_(_4
I-28-88
N - Driva Aarenl H  Lacd Tanl ' ~ -
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AR E Y ._1:_ 5
[N o
By Rig Wall NMumber [Computer Murmber Project ar Wark Order No.
ARYVART B.g. 22w LFA-— Pri.i FCoRT LEsarns
DRILL LOG Date Depth I DN Subcontract No.
T1-2.2-8% oOrWIE D 22" To 257 1A
Total il Wet/Dry LITHOLOGIC DESCRIPTION , e
Casing Depth Method Sample % Each Grain Size, Color, Roundness, Caliche, Exc. Time Drilling Comments -
‘i L1 FA]
21 s %Y - 1Sy oot off VAT 8 ces vy
7 [ n
2’4" ) 21 5% - VA" 214"
210107 bt 8" cdsing loroe | Added 106" of 8 css <
—
214" 10’67 310"
} 7 B0 Blawt Downn
AEMARKS:
1-28-88
. Dyriva RAarpal H _ WHared Toanl 1 .l armn M . FdAprtiom T Cenall e Viare faneen m . Ceoaren C . Finnm e Anee Fimn

Ctanding Warar
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n ! L ¥ 5 LIPS S S
By Rig Well Mumber Computer Nurnber Project or Work QOrder No.
DRILL LOG AMEHART B.E. 22w LF4- PALA A ForT CEwns
Date Depih Subcontract No.
1- 19 -BF OrRIVIEL O s ” To v ar TN
Total Dridd Wet/Ory LITHOLOGIC DESCRIPTION . .-
Casing Deptn Method Sample % Each Grain Size, Colar, Roundness, Caliche, Etc, Time Dritling Comments
L I )
5|‘|O L 2715 Pottivag on Spf«!’—
- '5POO|/| -
, 2135 (Took- sphit —spoov sovay
I blows /"
it blows/ b&°
18 blows /4”7
27 blowss/ &
— Totel 2.'4" Scvaple —
-287)
Deitter viphidld wat thel sewmple weas | {4 pesd 257
I T Pholeaveph ol sewiple wias doken
L
ovior Vo bkuswing this . pletesvepl Adepil
o m T o — =
iu"\{.r\!ﬁ-1 S\QOU'C.I 19( Caf(rf"fﬁ\-
SeLT R
227 lepaard w LA B % B\% avavel, 19% sevel S 4 ib . Jon:do
24 NCP, B ep, LA MP, 2S5 4 EP, 2B%UVEP, Y ves, BT M4
%% Me VA K3 1AvES S 5004 vevy ooy by 2o ke
{qravti) A-sa A7, qy_h_fl-«.-s 4 wt(asd;ﬂhfmuj 377 1?40-/ ,
perpliuyy , B be se i , bYs mt_f-gmr‘? Lie. . 2 eloret
REMARKS: - .
= P
M-12>-66
N - Miriven Barend 13 Lbaed Tl ] [ o N e o~ - - -
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pose 2 oF &
By Rig well Number Computer Number Project or Work Order Nao,
L - )
DRILL LOG Daim HART B.-E.-z2.2- Depﬂf*% Pf:dl.—l A sufc:ni;t::w S
7-29-88 oW EGo 2.7 To -1 ~A
oo | 9% | methoa | Sampi X Esch Grain Sise, Color, Roundness, Cafiche, E1c. Timo Drilliag Comments
:ilo"i (s6wd)__ A-SA_, 70r/. by 4 qﬁ-'ic. W07 beyall, 207,
%5. tehen . rocle -rvs--g's : enlpe wa..{) aliva
! srsiz  {dey) l.'SLL.{- ovay Sr7/2 ; No ravt. wy/ o Hed:
vncousrelida feel = Mo Sed. 5!‘#?1&}1/"* grmuw.d- S
rmoratbevy  Bdanaple -‘-g.h(,.a'. MOTEY (Loavrsom u.n!}
evidiwl @  enel of sewple valevvel (2aY). 0p 2o ?UH“;“[ on 5Pl i b-Spea
o540 [Teol- spiiT sPoons Seveple
T blavws g
8 blows /"
5 Blowsy/ L”
a Lklavune /16"
: — 234" asple —
= 2o — 22
. | meaT
S\ “prooad | STt martDY aRAEN i 07, q.«auf_il 2E Y- memal, BA YL | oavo
V% Ve (S0 s BL P, 57 me, 27 TF B85 7 vEP, 10 wes,
1% e SV AMS 2% Es V\T.VES SV, S L Very poevly
sorbed @ Cavavel) A-3a, He's qbaite, Yo iapmpavs velab .
o pL‘gU\" 1O'% qvh,c.la’f 0% beoge lb (oawd) A-3A
REMAHRKS: . p A..:\..( ‘
—-20-88
D - Drive Rarrel H - Hard Toni L-1arme M . Madiom & . Cemyall Ve e Poaneen o e - o
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Py
By Rig Wall Number Computer Number Project ar Work Order No.
ORILL LOG Daimuklz'r Fe. W D:;‘fi4~ Proi| A sum;::;:;o‘wut 5
7-20-88 oNWEGS 3¢’ To 257 PNA
Comg | PP | rewmos | e % Each Geain Site. Cotor, Roungness, Caliche, Exc. Time Driling Comments ~
3‘“!0” v L5 7 ‘\/h"l"f .q,h« . B teneows IR P O - A R .
colov Lwed) aliug STS(x (A Lab avay 757 3/7 ;
. No rxn . w/ 10% HCl ;i Urcounsol.datbed ¢ No sed.
abvvedvry  svizlent . No_woisbvt sawple
425" 4L "@.s,% o35 (Baded 107" 8,“5:.4;-:
210" 10’17 = 425"
ossy [V 1.;-.3
toiZo Puﬁhl\}o“ gtli\'-sp-am
Took. <plb-spron sempl
= blows [
S Llows /b’
52 blows/b"
— 8" saunple—
— 35~ B .S~
Selit-cpoon would wpl Avive pust 18i2p7, S nle
hes o send plve (ete plalograpl) whiel fs
probably dut to  woshein whn wotey tubevid oo Siuy.
Ofal = 29" btlows land  (E-lape 4 p\sn-o) 6= L5
REMARKS: ﬁ o MQ !
"1:19—38
D - Drive Berrel  H- Hord Tool L -Large M- Medium  S-Smell VG- Very Coarsa  C-Coarsa  F.Fine  VF - Very Fine Standing Water ABODO.A et
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By Rig Well Number Computer Number Project or Work Order No,
T _ _ -
ORILL LOG Alen AR B.5. 22w LE 4~ Prs CooT umwis
Date Depth Faat oY Subcontract No.
7-29-88 O~ WIE LD B5  To =y’ A

Total Diritl Wet/Dry LITHOLOGIC DESCRIPTION . Sias

Casing Depth Method Sample % Each Grain Size, Colar, Roundness, Caliche, Etc, Time Drilling Comments

b ] -y s | 5TT

. Gpooal w NOTE ' Tw's cowplt appeavs b bove settled oot lo 2o

'2/15.‘5[4 l—lu_ splil - spoowm . Fine on inp , Cogavas &)

bg‘HQ"‘/lJ’i copoon . There js ~ ¢ oF weler iu

Hae thole 2 this s !;](_L[\‘,, Took.  =wurple

vt of  amiddle of spoovt. _Apprevs wes i 5.0

Lswe  bitn  wieshied  asb.

oI DY ARAVLL. 2 A6 avewrdl , B0V wooad - IB% MMP
L%

25°, Fp. 3oY, JEP, \PTA VMCR, B8, Co S/ MS L vvied.

L}

r-1-14 l'ﬂCl z L%«o-uo'l) A‘SR 4 So "4 [abﬂ.., ,J.a"p\“"?,ﬂl’ AL !.-;;,L{JA

4o */, °t7uon-{1—;l't 1 oty wicdpw,  te besc b (sewd)

A-SA 40/, q(h , el f 267 basald, o' Lo aal ‘\MLLWV‘

ok tvoqr  chlov Cunb) el STSIZ e

Vialt ovs., Sv7ic ; QD vl ot Ret wveav solidl

bed .

Ko 564:1- 3"”\&;{.{-:)\(( Cvic{(m"' 3 ;lia\n"]\g ;lv\:-lr ‘{‘La.,\_

-

A AR-A78 o5 24 LA plc.
=

Pob s 5&!"59:::0;4

Took s} S POON Sl

REMARKS:

= NL K

1-29-88
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e I ¢ I
- co® g e e x| n L we 5 f
ls -] \39_\\’?\: LT (‘R q/\; 1"1& \D‘o 1}.’ -1,\1 v Fw’ 5
By Rig Well Number Computer Number Project or Work Order No.
DRILL LOG ALRHART B.€. 22w LE4-PALY ForT Lews
Cate . Depth Mo Subcontract Na.
2- 29-88 orIWERD 2,0 Ta 40 S
Toal Orill Wet/Dry LITHOLOGIC DESCRIPTION : G
Casing Depth Method S:mple % Each Grain Size, Color, Roundness, Caliche, Erc, Time Drilling Commenis
b ] :
4 blewe /¢
LY
- 11 Hows /L
. 1 blows /o~
12 blows /6"
= 24" Scvap e —
r
} 4o’ -47.
. SPyT .
41 sreond | W STy SAMDY. GRAVELL  LSh dveuel, 2074 =and | S =itk s -85
B4 VeP Lbiggﬁ@* A2 wiwm), Shep, 1OV MP, 207 EP, LS % VEP,
AhNes, 2R o, RN M, BHFS, SHVES, 57 5ilt : Jery paor
sovted - L"\"G“'«“ A-SR, 257, lgmeous , Povp‘-gury st MGQ!M«-
2070 buse 1} Lsa@ A->A ;ho'ﬁjyh_‘_?hl le 3e% pagm . b nmed g
vork Frat (0% b&;all_;_ celar (-Wb‘f‘) alive Ay St dfa_
Cehvy) whibte 2.§7812 ; No rxd. w/ 10 MCE
Vo nd |7 ola 'l¢dl : plo ol S‘}'rw Foyc e el
1200 | Sheped Dv.-n.ﬂ'l
/B: g’ balow jand (steet fepe)
D/Nz 26" 7% below lowd (E-tape # AlSO-04) 12 S0
REMARKS:
<0 AA__2
1-23 &%
O - Drive Harrel H - Hard Tood L - Large M - Medium 5 - Small VC - Very Coarse C - Coarse F - Fine VF - Very Fine ___ _Standing Water s emmn mma




88°13

-}
LI

—

‘PL"" Aq:l'l-(_(_‘l wf ]_a\&.lrgl L-nn"

pry- & K8

NOTE: 40 =
42 = Totpl ep b sewmpled w/  wpli}l spoen
By Rig Well Rumber Computer Number Projact or Work Drder No,
DRILL LOG _AIRHART A T Sobeantiact NG
1-28-88 orwIE (O 40" To 377
Caumg | PP | wemod | ‘Sarmpie % Ench Grain Siro. Coloy, Roundness, Galiche, Erc. Time Driling Comments :
b Q_Qdcln‘nc} o S c.c.s--:/lc\‘ Y seveen (20-stet) 17 50
Seveen wi  tsottewn cop = 187"
: vOOLS\r.\é} = 10" section
_{eewbveliper diveckly abavy scvpein)
Msl.nj = A N/ ‘.‘.at.C-i—lovg
Totul cesing aud seyeen = 4b'gl,”
Went s sed boHows of sercen @ 277,
L\clcl“wj 10-20  wieshh _silice sand ¢ pu”lv;,ji
U 6 PVe  os  sand  is added. )
Added 2 o ib bac}g 10-7200 vwaesl,  Cal S{lnéc« Scind 13- 10
_ Ibtsand s 247 below flawmd (4 3 o sand om botlenp + 2 |etove bodlown of serer
Cot off T'24" of Pvc . . Tatal lemdth = 39/l
(,L\uawx‘nal for  2b" oi_ shiclup ), .
Puiled 8" caS-.;uJL o 3. belows loawd
Disond = 25,57 below land
Added t ton Wb bug 10-20 26vd tn R2'
Paled 8" casims to_ 53710" below lawd
Pleded 1 1o Ny bua 10-20 se-d b 287 below oo (S
REMARKS: = ‘h\ﬂ'u
o 1~2.3-88
M Rt B € - - - -

D . Drive Barrel

H - Hard Tani 1

- Laran



68°13

P~y 7 % 5

By Rig Well Number Computer Numbar Project o Work QOrder Mo,
DRILL LOG AlRHART B.€. 22w LE A Procd FoRT LEWIS
Date Depth oA Subcontract Mo,
J-29-38 O~ WE Lo conpPLESlond To MA
Total Dnll Wet/D LITHOLGGIC DESCRIPTION . _—
CaZ::g Depth Me':llmd Szgwp;: % Each Grain Sizs_LColor, RoundnesIICaJiche, Etc. Time Drilling Comments
b PU‘!LCI & [ 7% W j‘u 3[,
—r
b&&d * 13’ L{_,‘[lm.l ‘ﬁ-v—-cﬂ _
Added | oo i beg 020 Spmuwd lo TS’ bLilew \c-\u.c\
¥ ¥

Ported Y ces, . L 128 1 below lowd

DKDQMA - 2;5” beteos {.G\m{‘

Aeeled 2 100 b bocs 10720 soud be  (£.57 bilow lyuf 14-35

Poutea 8" ft-.s;-:L-c‘ +4 'S" Lelews ‘hw—c(

T

blrevd = 27 below  lend

Addecd 1\ 400 Ly leex 10730 savd Yo (77 helo 1o

Puited 8~ Leeding b zl 1" Chgpr_w«. HHood P bos

Cowig,

Dlsered = 19 o : ~)

Potled 2" £e3 iy ‘i’b 20° 44

Diseud = 2°

Added L 100 Vb bow 1970 sand 4o A’ clow land | \S:o0

Pvflji &' CGg vl ‘lL l?’b b \u{_luw 1e v\d

—F

DJeewd = l).g’ Lelows  lewd _ 15: 10

Stowbed "ca-\mr w) B Ac.\vt— Loiler b setble s 1 4 15708

b/send T 12.57  bidows lawd  did wol sohlc 157 %0
REMARKS:

WOTE Did Aot PLF-rofM :,!‘-ra'\&b\*-n.l.gg ‘*'gﬁ,#_

N=-29-8§%

© - Drive Barral

H - Hard Tood

L - Large M - Medium 5 - Small VG - Very Conrse C - Conrse F - Fine VF - Verv Fine _

__Standing Wamr [
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By Rig Wetl Number Computer Number Proiect or Work Order No.
DRILL LOG Da&:rZHAFZ’T FE. 2w ne:;ﬁd”lwu sty S
7-29-89 oMWELO cogrETion) 1o VA A
JJi.‘SL Depth Mg:::m "EZE:EL" % Each Graii.r:TS'?z(g.LgS::?, gsfr?::ll;:.lgziche,hc. Time Drilling Comments
h d /B juaide P F97 e e
Acddd 2 S gal lovclels Yo" Ewwwaplvc% Yelicks (548
. bfpetlets: .7 below lawd
oi1nd 8" cosion bo 135" beliv lend
B/petiefs : ™M bLelows - mrwell cwovet of cove
o forie ! @ Hais Po;\ﬂl_-
Added 4 5o | _booas of mMd. Envivoploy beviowi b€
D/btns'rw'{'t = 2 ltlow lond
Polled voumsinrne 8" cosims ovt ol Lale fo: 4§
Dibevlewidt ¢ ' bilow laewd - swaall o.wnouu;l'-‘(
vi mwaberio ) @ e Pﬂl‘nﬂ-*’
Adged 3 b&c# aF E‘-"\vn/apl-ﬂ-} Lo.,.l‘pm;i'-‘./
Df/bechuibe = 2 below lawd
Potled 10" m‘"';“u b 3 belps  laud
D'/bt.vlov\;"f = 29p" belowy Yeud | LSy
‘100 | sbhvt Deownr
REMARKS:
s s ALK
1~29-53
1 - Miriss Bavrnl M Hasd Tant { % armn WA RS € Ve . A e N e
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F"-H, \ o‘F \
By Rig Welt Number Compuier Number Project or Work Order No,
DRILL LOG £ JedsEnd B.€. 2wt L& k- ety Fo ¥ LEwirs
Date c Cepth A Subcontract No.
2-1.-885 PriwE L0 P ETign)  TO TN
Taotsl Drill Wet/Dry LITHCLOGIC DESCARIPTION . -
Casing Depth Method Sample % Each Grain Size, Color, Roundness, Caliche, Etc. Time Drilling Comments
\ teatly l :
Greophusical loaard Yole VSieag Neduve |
= T (a2 —t
LAcnam e, wprobe, -
T
REMARKS: "
‘:Dbp- w
a-1-26
D - Drive Barrel H - Hard Tool L - Large M - Medium 5 - Small VC - Very Coense C - Coarse F - Fina VF - Very Fine

Standing Water

A ROAN A72Y 5 PEY
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P VKA
By Rig Weil Numbar IComputer Number Project or Work Order No.
DRILL LOG AIRHART Be. 22w LEd - Pr i,
Date e D Oepth A Subcontract No.
B-8-%8 - CorAPLE-T10a 10 A
Total Drill Wet/D LITHOLOGIC DESCRIPTION . s
Ca[:it:g Depth Metrhad Samplrev % Each Grain Size, Color, Acundness, Caliche, E1c. Time Drilling Comments
e ) Added S'37 5% &7 ovbon mbeel casies oo
—
Mu;_d Y peoved B 95 b wecla  (LLLTYY /sacl)
¥
lo il vemmetming bovelalr b <u Fece awd
r L]
I.'\A'_u'c‘L o{ ?VoLf_t.;Lnrt CQ,S-}M b S‘" G o v
T
tand suvlece.
Betgr b“”‘“"‘: w/ 37 dia. 20’ 1..,*% devt 10185
be:ber, Waber s very silky /_L.L\,,L.\o\ .
Brﬁ:\-l e yet e ~ 85 aswe.
Y —"
‘.:":rl*v‘ggc_d melnv—;‘ - MLLM PRl ““uvbic! | o2
off  twside PV . BE'e" below lewd .
apptavs  tv  be  ~ 7 ot sediwend o
botko of <eveen.
REMARKS:
stw Al 4
P58
D - Drive Barrel H - Hard Too! L - Large M - Meadium 5 - Small VWL - Very Coarsa C - Coarwe F - Fine

VF - Very Fine

Standing Water

A BRND At (R BRY
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poy- b F ]
By Rig Well Mumber Computer Numbar Project or Work Order No.
DRILL LOG _ AIPHART G.E. 22/ LF4 - prat - ForT Liwg's
Cate Depth Subcontract Mo,
g-2-8% oRWE 60 Compiitionrs To0 A
cTa(:::L Depsh MEIL'Ld v;:::*‘glr: % Each Grali_r:TS‘?z[;,L gag:)? E(E:Ef:'nLF;I,I[C):icha, Ete, Time Drilling Comments
1 J beill " )
p 3 TS & i bine well Ly o= Aot  bailer o0
R} ‘Dk:\;\-ﬂ\—(‘ . Wedter  S11) -‘-uw]::‘(j L L oweuter oD =0
. %LLH-I-:\% elecvier. S0 Cov. silice semd el
Wise. gk -cva,:&; [t e L & botwwa of
v e vt .
f“;'nxr'vt% comevete 4 pdvrl\.;ql serfree el 09:50
Miced ood poured < Do Wy 'l:-ap.g‘-. a¥ P ran
comevebe  and v l'm-‘\‘ ot Portlaud ¢ eimend
For  a'xd’  suvlece ped
Cot nu.)gﬂp_-‘ Lale |-l- . P\'O‘t(.)Ln\H_ CL-!»‘-M
St bvasy wiarkey
REMARKS:
shkPA-L I

M . Niriva Anaeral

H . Hard Tanl

I armn

M RAadiaem L e e

8-3-88

R e L
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e, Voo F )
' o
(FoRT LEwIS. varhTiLL. 9
By Rig Wall Number Computer Number Project or Wark Order No.
MRylART Bueyrvs Evic LEH - P VB Ry
DRILL LOG Dara 2200 Depth A Subcontract No.
B-1i 88 a3 uaf ¢ O BEVE LOPMEA]T T0 ~ A
Tatal Diridl Weat/Ory LITHOLOGHC DESCRIPTION s
Casing Depth Methad Sample % Each Grain Size, Coltor, Houndness, Caliche, Etc. Time Drilling Comments
% ) o : .
v She-bod e Tlive  aae e 1} it R e, ep:iig + oo So
¥
davt Loiler. Seudmnbl evael —Faww«a..-(ﬂa_-\-—
qvavt.ls. GV t.om-&u,i u;lz- b 4 ‘7!-;\{_’.
T = ¥
APPCB«"’S “L-O-—"" bn*‘own C .S T "“ﬁ-} Car o -
oIl (N . DR wnsicle PVC - 2507 below
Vo vl Ppprex . AT fill 1w bedt o uan |
AEMARKS:
" B~8-8p
D - Drive Barref H - Hard Taol L - Large M - Medium 5 - Srnatl VC - Very Contse C - Canrse F - Fina VF - Verv Fine _Srandinn Water
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Py o F A

By Rig We!l Number Computer Mumber Froject or Work Order No.
HACT [y T 2N | nwerz
DRILL LOG AlE o .
0 Date “ Depth L Subcontract No.
=-2 8 - 62 DE-ELGEan g1 10 ~
Tatal Dril Wet/Dry LITHOLOGIC DESCRIPTION . mm
Casing Depth Method Sample % Each Grain 5Size, Color, Aoundness, Caliche, Etc, Time Drilling Commments
1 Hheis Olagm cwd Touve Thalbll {(ProL) Vool woater
$mwnples +o v el g (..-..-\ am:-l-x&l; .
X >
] e
AREMARKS:
st P A4
B8-25 - B8
D - Drive Barrel H - Hard Tgol L - Largn M - Medium S - Smatl) YT - Vory Coarse C - Cosrwe F - Fine VF - Vary Fine

Standing Water

PR L LN T TR AL T
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(FORT LEwWlYy- LB TIve 4
By Rig Well Number i Computer Number Project or Work Order No,
AR PR-T o 1 LEH - PalLl Mg B2
DRILL LOG Date o3 Lo Depth LA N Subcontract Mo,
&-265-88 COrABLETION 0 udeh
Total Drilt Wet/Dry UTHOLOGIC DESCRIPTION . o
Casing Depth Method Sample % Each Grain Size, Color, Roundness, Caliche, Etc. Time Drilling Commens
%
mixed Yz [7:‘,4} PorHoud cewpend o/ quawt_l ‘o
5{"‘ 4 o {"C-C:t‘l ui¢ Pes B ﬂ..VDU\.&A :‘;uftéq_&{_
L] ¥ -
REMARKS:
D - Drive Barrel H - Hard Tool L - Large M - Medium 5 - Smal! VC - Very Coarw

C - Coarse F - Fine VF - Very Fine

Standing Water

ARANT N2 (R RS
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;n‘..w__ ot \
By Rig Waell Number Computer Number Project or Work Order No.
DRILL LOG l:la‘!\tel S ALT oo 2 120 De';f L‘ - P UJQ\ T Subc::r:ticlsl.\ln-z,—
S-\- B8 DBV LODAME NTTO B
cTar:ilzlg Depth w.?:r:ialcl:d ‘:::;EI? % Each Grnli-r:TS’:z(:,ngLE, EEEE::\:;I.E:EM. Etc. Time Drilling Comments
L . -
4 3 st B Ave. BES - cn e oo o wa s e
4o "Jf'bdo'dlﬁ Le o i g P \-qk\-uwn-
i yer s dhwo--(a-t_.c‘ ol | Lot Yev .
Wews DIm T 25527 bije.. e o Py
S add lowsbl, of W< -‘31«!
9[&41.& 3 Ae,. Yy bhp svkwarsble prwep TL.z0-d V300
in _ hole PUW&A Vole @ =~ 10 apws.
wied ey celeconed v cleev. Ny VRl s f
any ‘-u-' L. tods l# )
Hott - pvuap Wi bkggu,(; iaa tocal coav wesi
{sheowm cltamer “wot  Grve le LD uusmq,l vo _soppl
Lelor  plurivs i \:.. 1
' e
REMARKS: ‘%.b D -L ~
A d A
- 9-i- %
D - Drive Harrel H - Hard Tool L. larm M - Mertium S - Smalt M . Moew Canren - Coaree E - Finn VL Afpey Finn Qranclinng Watar .-
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By Rig Well Number Computer Number Project or Wog Order No.
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MOISTURE CONTENT OF SEDIMENT SAMPLES




APPENDIX F

MOISTURE CONTENT OF SEDIMENT SAMPLES

The information below shows moisture content data for selected wells at
Landfills 1 and 4.

Depth, feet Below Moisture Content,

Well Number Land Surface wt.%
LF1-PNL] 6.0 2.42
10.0 £.93

15.0 4.63

25.0 6.98

30.0 5.69

33.5 7.87

LF1-PNL2 10.5 4.58
15.0 5.73

20.8 8.75

LFI-PNL3 5.0 8.24
10.5 £.68

LF4-PNL2 6.0 2.22
11.5 3,37

15.0 6.44

21.0 8.40

25.0 6.88

LF4-PNL3 11.0 5.00
16.5 5.57

21.5 5.35

26.5 5.43

31.0 4.01

LF4-PNLE 5.0 3.87
10.0 3.25

15.0 3.27

20.0 4.79

25.0 13.27

30.0 12.75

LF4-PNLE 5.0 3.6]
10.0 2.58

15.0 3.00

20.0 4.77

F.l
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APPENDIX G

WATER-LEVEL MEASUREMENT PROCEDURE

This appendix contains the procedure used to measure water levels at the
new wells near Landfills 1 and 4.

G.1



Introduction

Equipment

Graduated Steel

Tape Method

13,1 WATER-LEVEL MEASUREMENT PROCEDURE

Water-Tevel measurements are taken each time a well is
sampled, before it is purged. These measurements are taken
as depth-to-water from the top of the well casing. They
must be subtracted from the surveyed elevation of the
casing given in Hanford Wells to obtain the elevation of
the water table. The water-table elevations obtained for
all wells in the sampling nretwork during a particular
sampling -episade can be used to produce a contour map
showing the ground-water surface at the time that the
measurements were made. These contour maps can be used to
help characterize the ground-water flow system and to
ensure that the sampling network is adequate.

Graduated steel measuring tapes are more accurate than
electrical tapes and so should be used for official
measurements. However, an electrical tape can be used to
determine the approximate depth to water.

The following equipment will be needed:

steel measuring tape with attached weight
blue carpenter's chalk

a copy of Hanford Weils {PNL-5397)
electrical tape

engineer's measuring tape

field record forms.

Chalk the 1-ft section of steei tape below the zero
reading point.

Find the elevation of the measuring point ant ‘e estimated
water level in Hanford Wells, or use an electri. tape to
find the approximate depth to water.

Lower the steel tape from the well's measuring point
(marked with paint on the top of the casing) to the
estimated water level., Note the amount of tape that is in

the well by reading the tape at the measuring point. This
value is referred to as the "hold point.”

Remove the steel tape and chetk the wetted portion below
the zero reading point. ’

NOTE: 1If the chalked portion is not wet, repeat the
procedure, but allow more of the tape to go down the
well (i.e., use a greater haold point}.

Add the unwetted length of the chalked portion of the tape

to the hold point value to obtain the depth-to-water
measurement,

G.2
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Electric Tape

Method

1f the chaiked portion is not wet, repeat until the water
level is marked on the chalked portion of the tape.

Repeat the procedure until two steel tape measurements agree
within 20,05 ft.

Record the depth-to-water measurements, time of measure-
ments, measuring device, and the name of the person taking
the measurements on the field record form.

Lower the electric tape from the measuring point into the
borehole until the buzzer and the 1ight indicate contact
with the water. :

Mark the electric tape at the measuring point and identitfy
the nearest graduation on the electric tape.

If the water level is desper than the nearest graduation
marked on the tape, add the difference to the depth identi-

. fied to obtain the true depth to water.

If the water level is shallower than the nearest graduation
marked on the tape, subtract the difference from the depth
jdentified to obtain the true depth to water.

Record the depth-to-water measurements, time of measure-
ments, measuring device, and the name of the person taking
the measurements on the field record form.

NOTE: This measurement should be usad only as an
approximate depth to water, because the electric
tape is less reliable than the steel tape.

DATE ISSUED:

PERPT LI T IT 9T ©.1

7-86

SUPERSEDES PNL-Ma. 580 SECTION 13.1
ISSUE DATED: NEW
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APPENDIX H

WELL LOCATION AND ELEVATION SURVEY DATA

This appendix includes

+ results of the 1988 and 1982 surveys of the existing (1981 and
1984) monitoring wells at Landfills 1 and 4

o vresults of the 1989 survey of both the new {1988} and the existing
(1981 and 1984) monitoring wells at Landfills 1 and 4.
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DEPARTMENT OF THE ARMY
SEATTLE DISTRICT, CORPS OF ENGINEERS
P.O. HOX C-3755
SEATTLE, WASHINGTON 98124-2255

REFLY TD

’ ATTENTION OF Harch 7, 1988

Geotechnical Branch

SUBJECT: Ft. Lewis, Washington Landfills 1 and 4, Horizontal and Vertical
Control for Existing Borings

Mr. Paul Eddy

Battelle Pacific Northwest Labs
Battelle Blwvd.

Richland, Washingtonm 99352

Dear Mr. Eddy:

Seattle District has completed the survey of existing ground water monitoring
wells located at landfills 1 & 4, Ft. Lewis, Washington. The survey
information is provided herein.

In reviewing existing information, our survey personnel disclosed a 1982
survey of the wells located at landfill 4, Information from the earlier
survey is being provided here; the wells were not resurveyed. Landfill 1
required a new survey, that information is also attached. The well casings
associated with landfill 1 are in very poor condition, consequently all
elevations are on 2x2 hubs placed approximately 2-feet from the casings. It
was also discovered that wells 1 & 2 at landfill 4 were incorrectly identified
(numbers reversed} on the map provided to you in our meeting of February 1l.

If you any questions, or if we can be of further assistance, please contact
Mr. Mike Bowlus/NPS-EG-H, telephone (206) 764-6744.

E T Bale,

Enclosure E.T. Bailey
Chief, Hazardous Waste Mgmnt. Sect.

Copies furnished:

Randy Hanna/DEH AFZHEHQ
Fort Lewis, Washington

H.2



LANDFTLL 1

LANDFILLS 1 & 4

FT. LEWIS, WASHINGTON

WELL SURVEY

(1988 survey, elevations are top of 2x2 hub, coordinates are casing center)

WELL #  ELEV. 1/

LATITUDE

47.4.11.24535
47.4.02.80571
47.2.52.69644
47.4.01.82937

LONGITUDE NORTHING

122.35.18.85152 640125.080
122.35.18.83797 639270.330
122.35.16.21592 638241.710
122.35.11.32028 639157.680

EASTING 2/

1479594.900
1479573.200
1479727.540
1480090.810

(1982 survey, elevations are top of casing, coordinates are casing center)

LF~1 302.46

LF-2 302.14

LF-2 296.77

LF-&4 311.46
LANDFILL 4

WELL # ELEV.

1 224.69

2 '219.19

3 238.79

4 235.93

11 234.79
1/ NGVD 27

2/ STATE PLANE COORDINATES ZONE 2

LATITUDE

47.6.49.98508
47.6.53.18160
47.7.06.21637
47.7.09.37644
47.7.00.66870

LONGITUDE NORTHING

122.36.05.55298 656287.351
122.36.,28.23885 656652.944
122.36.06.17757 657932.344
122.35.44.09606 658211.757
122.36.04.46537 657367.306

H.3

EASTING

1476791.728
1475231.875
1476792.355
1478327 .455
1476897.139



Date

ROUTING AND TRANSMITTAL SLIP &’ 357»
TO: {Nams, otfice symbol, room number, Initials { Date
buliding, Age 'ost)
1.
/
2.
3.
4.
5!
Action File Nots and Retumn
Approvat - For Clearance Per Conversation
As Requested For Correction Prepare Reply
Circulate For Your Information Ses Me
Comment Investigate Signature
Coordination ' Justity
REMARKS

this form as a RECORD of approvals, concurrances, disposals,
clearances, and similar actions

: (Name, org. symbol, Agepoy/Post Room No.—Bldg.

O vl K

Z041.102 ﬂ.s. GPO: 190 6—491-247/40002 " OPTIONAL-FORM 41 (Rev, 7-76)
Proscrived by GSA
FPMR (41 CFR)101-11.208
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Port Lewis, WA
Well Location Survey
Landfills Ho. 1 & No. 4
Seattle District Corps of Engineers

For: The Department of Army
Seattle District Corps of Engineers
Contract DACA67-89-D-0003
Work Order No. 2

Horton Dennis and Associates, Inc.
May 22, 1989
BDA Job ¥Ne. 8371.02

H.5



FORT LEWIS WELL LOCATION SURVEY

Horizontal Control: Washington coordinate system, south zone. Established from
United States Army Corps of Engineers published control for 1987 aerial mapping

project.

Vertical Control: National Geodetic Vertical Patum 1929 (NGVD 1929). Also
established from USA COE 1987 published mapping control.

Explanation: Horizontal and vertical values were established for the cenler of
existing brass caps at well locations. Vertical values were established for the North
Rim of the existing PVC well pipe inside well casing.

H.6



PAGE t OF 2
SEATTLE DISTRICT CORPS OF ENGINEERS
WORK CRDER NO. 2 CCHTRACT DACAG67-89-D-0003
HDA JOB NO. 8371.02

FORT LEWIS, WASHINGTON
WELL LOCATIONS LANDFILL 1 & 4

LANDFILE NG. 1

WELL NO  COMPUTER MO  ELEVATION NORTHING EASTING

PNL-1 136 306.47 640370.6733 1480403.3561
308.66

LFi1-4 139 311.45 63915B.6144 1450090.8904
312.59

LF1-3 142 296.90 638242.6336 1479727.4028
297.69

PNL-2 143 206.82 638284.9083 1479184.6580
298,37

PRL-3 144 306.30 638634.4298 1478887.6439
307.74

LFi-2 146 302.11 639271.3857 1479573.5343
303.48

LF1-1 148 302.63 640126.0797 1479594.9728
303.64

PNL-4 150 303.19 640611.7514 1480157.4493
305.00

NOTE;

TIONS ON PVCS ARE TO THE NORTH RIM.

H.7

May 22, 1989
RMA

REMARKS
BRASS CAP
TCP PVC

BRASS CAP
TOP PVC

BRASS CAP
TOP PVC

BRASS CAP
TGP PVC

BRASS CAP
TOP PVC

BRASS CAP
TOP-PYC

BRASS CAP
TOR PVC

BRASS CAP
TOP PVC

BRASS CAP IS5 A PRESET MONUMENT AT THE WELL SITE. ALL ELEVA-



LANDEILL RO. 4

WELL NO.
LF4-PNL-4

LF4-PLN-1
LF4-11
LF4-PNL-2
LF4-4
LF4-PNL-6
LF4-PNLS

2
LF4-V

)
LF4-2

LF4-PNL-3

CUMPUTER RO

103

105

107

110

114

120

124

129

132

ELEVATION
233.86
235,72

236.22
237.82

232.06
234.05

238.22
240.48

233.96
235.41

229.55
232.19

235.12
237.46

217.32
218.27

223.31
225.37

24437
246.59

NORTHING
658162.3213

657439.0119

657397.1943

658639.2226

658201.8046

656714.1107

651661, 23

BSFEI4-EEF T~ ATEEB-I24C-

696696.7986

656276.4394

656576.2839

PAGE 20F 2
EASTING
1476174.4060
1476136.1999
1476813.5658
1477139.2425
1478294.0279
1478619.1314
1515354.80

1475242.6186

1476795,1897

1477954.7651

REMARKS
BRASS CAP
TOP PVC

BRASS CAP
TOP PVC

BRASS CAP
TOP BVC

BRASS CAP
TOP PVC

BRASS CAP
TOP PVC

BRASS CAP
TOP PVC

BRASS CAP
TOP PYC

BRASS CAD
TOP PVC

BRASS CAP
TOP PVC

BRASS CAP
TOP PVC

Note: (ovmesnTions MADE PRR VERBLE CoMMURICATLR WD)y ToAN

SREAFER, WS Amt Corlds oF ENGINEERS , JunE |3 (987,
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APPENDIX I

DRILL LOGS OF EXISTING WELLS AT LANDFILL SITES 1 AND 4

This appendix contains drilling information for older wells at
Landfiils 1 and 4, including

« for Landfill 1

- well 84-CD-LF 1
- well 84-CD-LF-2
- well 84-CD-LF-3
- well 84-CD-LF-4

« for Landfill &

- well Fort Lewis #1
- well Fort Lewis #2
- well Fort Lewis #3
- well Fort Lewis #4
- well Fort Lewis #11.
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T DAILY CONTRACT [(RSPECTIOW REPORr ~ ~~ — 7 7 T TT¢

NOTE: Contractor fill in Blocks 1, 3, 4a, sb, 7, 8, 9, and 10 daily or not less than once
each week when no work is proceeding. Fill in 4b and 6d each Thursday and more often
when appropriate. The Government will fi17 in the balance of the blanks.
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"NOTE: Contractor fi11 in Blocks 1, 3, 4a, S5b, 7, 0, 9, and 10 daily or not less than ance
each week when no work is proceeding. Fill in db and 6d each Thursday and mare often
when appropriate. The Government will fill in the balance of the blanks.

i. Description of Work Geing Done Including Location of Work, -~
. . e - p——- .
DREIRCATES OF e ISR WL T Fo | B LBt mwsiL DevTa 36

Aoa] RO &a
- # Workmen on Job 2 Name of [ontractor's Representative on Job 644' L™y

2. Bovernment Representat1ve s Instructions to Contractor:
Rl A WEEY 0, Lﬁu Vuu;a;rb'tntf-uamﬂxiLu:?!5'(:kugc4m=‘g thnﬂzg:\) ::u, e T A =,
T Yo amn 1ktn\c_uaa:u:2.uaaaau. B
Pur W 'i‘ue_“\-o 3, Py Lot O ro  DEACO L3t 'u:mqms

§ e ——— o . m L e o e me AR amer e -

o e

BT I T - ——

Sm———— el —— ek ———— e n— - -

J. Contractor’s Remarks: [nclude difficuities encountered, deiays, gescgiption.of work not
installed in accordance with contract reguirements and corrective action being taken or
planned and future coordination with using agency requi-ed.

-

T o - e
da, HOURS: 0800 . 1200 1500 =h, pPercent Lomplete
Weather oo S N - =3

R TS T
Temperatufe; b ] )
Sa. Inspector's Signature - natur of Tontractor
‘/j‘ﬂuw—-c-f;‘ \&che:k. cms
Checked by Contract Administrator (Date} Ref?ewed by Engineer
' e e e (Initia]l ™5  _ .- (Date )T+l
ba. Date of Notice |&b. “Dai“Starteu COMPLEYION DATE
to Proczed 6c, ROR BY CONTRACTOR {6d. ESTIMATE!
2L BNV AA RS pA AT LN
7. Abbreviated Contract Nane 8. Contractor
GRS Mt DBy, VISR TEhCu - g :\"‘Ql.u..l._\\.)(: -
9, "Contract No. Reference Ng. {17 appTicable] Specification Ho. -
DAEE ST-Bl - -Offy : B
. 10, Abave report is for DATE: . _ Report Seriai No.
2.0 &R\ S -

HFL FORM 1235~FEE
I Dec 74
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WELL LOG

Tacoma Pump and Drilling Co., lnc

" 30316 MOUNTAIN HIGHWAY
GRAHAM, WASHINGTON 98338

Prone 847 - 6087

Addrul_

—-ME'A- au/+ = H"rﬂ (CZE

bitled for.... FGET - LE':uJ[:‘: * =

DATE STARTED AL @'Eﬂ
DATE COMPLETED AL 20 5%'_'

/

Depth _& Ground Level
i

Size of Casing E 5
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RoTary {%,
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SCREEN 4" el P\-‘}Q' '
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- — . MATER1ALS PENETRATED CASING USED START $TOP
=T o) =
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: HADERSN = 27
LAY aeew)— - 7y 2
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. CIAY . [AVEPED Wi AN =) =)
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TiE  Clay
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TOAILY COWTRACTY IMSPECTION REPORT -~~~ = =~ — ===

NOTC: Contractor fil1} in Blocks 1, 3, 13, 5h, 7, 8, 9, and 10 daily or not less than once

each week when no work is proceeding. FﬂT in 4b and 6d each Thursday and more aften
when appropriate. The Government will fi11 in the balance of the blanks.

i.

Description of Work Being Uone Including Location of Work. -

HLOTIRC PR TR REPR NVIVETY pa P N, "‘:l.‘ v Lo ~ o Der v AR

o g Al

# Workmen on' Job 2 Name of Contractor's Representative on Job iz Q_c;\-

2. Government Representative's lnstructwns to Contractor:
N NS WG BV ELED T m' N e, W TR 2 T
Ut W e vo -l_:u"&" Puuide Cadwiy o '!;.Q'I B SNy LI HELRONATE
J. {ontractor's HRemarks: Include diffigculties encountered, delays, descripiion of work no't
installed in accordance with contract requirements and corrective action being taken or
p]anned and future coord‘ination mth using agency required.
A% -
3 - -
da.” HOURS: QBGD 1¢0U 1500 Zh. Percent Complete
Weather CABANDM, ) il o ceuen, T,
- . .'-.'I\AQ - Qcﬁ'ﬂ.._ )
_ - . P52
Temperature: .
Sa. Insoectcr 5 S\gnatur‘e . %}wnature of Cantractor
M‘-—\C'Q EQCH L/"" “\{’\-"l PR E
Checked by Contract Administrator {Date) Reviewed by Engineer
(Initial) €2 . --(Date)/:/?é/
Ba. UDate of Jotice |bb. Date started COMPL
to Proceed &c. ROR 87 CONTRACTOR |Bd. ESTIWATED
22T Rl B 2P, e lal
7. Abbreviated Contract Mame 8. CLontractor )
T R e A PR U BV N SN oo e N Dewau -
2. Contract Ho. Reference No. {17 appiicabie) ~pecitication No.
oV = T- Bl D=0k, . B
10, Above report is for DATE: ~ [Report Serial Ho. 2
ORI YRy -

HFL FORM 1235-FFE
1 Dec 74
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WELL LOG . DATE STARTED Nv“— .go, 8[

""" DATE COMPLETED MAY ' :%[
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Aot T T DALLY CONTRAET INSﬁEET[dH_ﬂEﬁﬁRT TTTremmmTT o o
NOTE: Contractor fill in Blocks 1, 1, 4da, Sb,-7. 8, 9, and 10 daily or not less than once
each week wher no work is proceeding. Fill in 4b and 5d each Thursday and more often

-l when appropriate, The Government will fill in the balance of the blanks,
1. Descriptien of Work Being Done Including Lpcation of Work,

I thamea) OF MAnFLew | wede ey e Lecan

~oa wate
£ Workmen on Jeb 2 Name of Contractor's Representative gn Job C,.LA:-. e,

2. Government Representative’s I[nstructions to Contractor°
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. - —— - [ R - —————

3. Tontractor's Remarks: Include difficulties encountered, delays, description of wOrk not
installed in accordance with contract requirements and corrective action being taken or
pl anned and future coordination with usmg agency requi red

- -

da.  HOURS: . UBLU 1cQ0 1500 =h, Percent lomplets
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Temperature: T -
Sa. Inspector 5 S1gnature : 2 Srqnaukl‘ e of Contractor
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_,w£ e ;—-\ Y;Q,.._t' ! ::'1;’
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: : ' {Initial} =S . {Date) T
ta. Date of Wotice |[Gb. Date Started COTPLETION DA
to Proceed 6c.  ROR BY CONTRACTOR -|6d. ESTIMATED
TToaiiu SRy i Y - RO LY
I /. Abbreviated Contract Name - 8. Contractor
(i ond O o, A ST € W TAGe - TRE ATDRe G -
3. Lontract Ha. Reference Na, (1t applicable) Specificatian o, -
PLVLUES BTN . 1. =gy
10. Above report is for DATE: : Repert Serial Ha. 4-
LAaniow TR -
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APPENDIX K

GROUND-WATER SAMPLE ANALYSES RESULTS




APPENDIX K

GROUND-WATER SAMPLE ANALYSES RESULTS

This appendix contains the results of ground-water sample analyses for
wells at Landfills 1 and 4.

K.1



Fort Lewis Quality Control Samples Identifiers

Late August Sampling Event

LFA~PNLA~===mmmmemmmecmmm e mm ;e —————
LFA=PNLB=~-=--—==mcmamem o ccmccmmmac e
LFA=PNLC--n=mmmnmmsmme—eeeeme—am— e mm—-

Early September Sampling Event

I O

Early October Sampling Event

No QC Sampies Taken

Late October Sampling Event

LF4=PNLA== === mmemmemmemmce o mccmeamme e

Middle December Sampling

K.2

Duplicate of LF1-PNL1
Blank Sample
USGS T103 Trace Element Std

Duplicate Samplie Taken

Duplicate Sample Taken

Duplicate of LF1-PNL1
Blank Sample
USGS M1DO Std



8T esk inc.

14603 N.E. 87th St. » REDMOND, WASHINGTON 98052 » 206/885-1664

ANALYSIS REPORT

CLIENT: Battelle

REPORT TO: Paul Eddy
P.0O. Box 999
Richland, WA 99352

DATE REPORTED: 11/4/88

PARAMETER EPA/STANDARD METHODS™
pH EPA 150.1
Pesticides + Herbicides & PCB's EPA 608
Conductivity EPA 120.1
Coliform Standard Method %09
0il & Grease EP2& 413.,2
Total Organic Halides EPA 450.1
Volatile Organic Aromatics EPAR 601
Total Dissolved Solids EPA 160.1
Total Organic Carbon EPA 415.2
Metals EPA 200.7
Cyanide EPA 335.3
Chloride, Fluoride, Nitrate, Sulfate EPA 300.1
Phenol EPA 420.1
N _

REPORTED BY .. (| \ Ly

JTD/pb John T. Dailey”

K.3






AM Test Analytical Results From Late
August, 1988 Sampling Eventi



- am test inc.

14603 N.E. 87th St. « REDMOND, WASHINGTON 98052 « 206/885-1664

ANALYSIS REPORT

CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: S5/26/88
DATE REVISED: 10/27/88
REPORT TC: Paul Eddy P.O. BC,: V5228 AD

P.0. Box 959
Richland, WA 989352

Laboratory Sample Nos. 816809 816810 816811
Client Identification LF1=-PNL1 LF4-PNLl1 LF4-PNL3
pH 6.35 6.25 6.20
Specific Conductance (umhos/cm & 25°C) 310. 390. 138.
Total Coliform (MPN/100 ml) 220, l,600. 17.
0il & Grease (mg/l) <l.4 <1.3 8.4
Total Organic Halides {(ug/l as Cl7) <10, 1.0 44.0
Gross Beta (pCI/L) <2. <2. <2.
Radium (pCI/L} <1l. <l. <l.
Gross Alpha (pCIi/l) <1l. <1. <l.
Total Dissolved Sclids (mg/l) 418. 2495. 524.
Total organic Carbon (mg/l) 3.33 3,27 1.14
2.75]
Chloride (mg/1) 4.89 15.6 4.20
3.99]
Phencl (mg/l} <D.008 <D.008 <0.16
Nitrate = Nitrogen {mg/l) 2.62 <0.01 0.771
0.751]
Fluoride (mg/l) <0.10 <0.10 <0.10
<0.10]

K.5



Al

- -

CLIENT: Battelle ~ Pacific Northwest Labs DATE REPORTED: 5/26/88
DATE REVISED: 10/27/88
REPORT TC: Paul Eddy P.O. NC.: V5228 AD
Laboratory Sample Nos. 816809 516810 816811
Client Identification LF1-PNL1 1F4-PNL1 LF4-PHNL3
Sulfate (mg/l} 6l.6 11.2 11.4
10.41
Cyanide (mg/1} <0.006 <0.006 <0.006
<0.006]

K.6



Al

-3=
CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88
DATE REVISED: 10/27/88
REPORT TO: Paul Eddy P.0O. NO.: V5228 AD
Laboratory Sample Nos. 8ls812 816813
Client Identification LFA PNLA LFA PNLB
pH 6.64 6.61
Specific Conductance {umhos/cm @ 25°¢C) 310. 81.0
Total Coliform (MPN/100 ml) 140. <1l.8
0il & Grease (mg/l) <2.9 <2.8
Total Organic Halides {ug/l as Cl7} <10. <10.
<10.]
Gross Beta (plI/L} <2. <2.
Radium (pCI/L) <l. <1,
Gross Alpha (pCI/l} <1l. <l.
Total Dissclved Solids (mg/l) 298. 2.
Total Organic Carbon (mg/l) 3.45 1.43
Chloride (mg/l) 4.95 1.70
Phenol {mg/l} <0.016 <0.016
Nitrate - Nitrogen (mg/l) 2.84 0.343
Fluoride {(mg/l) <0.10 <0.10
sulfate (mg/l) 27.2 10.3
Cyanide (mg/l) <0.006 <0.006

*Recults to follow.

K.7
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_4_
CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88
DATE REVISED: 10/27/8B

REPORT TC: Paul Eddy P.C. NO.: V5228 AD

SPIKE RECOVERIES
Parameter Sample Spike Recovery

Number conc., (%)

(mg/1)

Total Crganic Carbon 816810 8.0 98.0
Chloride Bl681l1 1.0 77.0
Nitrate - Nitrogen 816311 1.0 100.
Fluoride BleBgll 0.5 107.
Sulfate Ble8ll 1.0 109.
Cyanide 816810 0.025 101.

K.8
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CLIENT: Battelle = Pacific Northwest Labs DATE REPORTED: 9/26/88

DATE REVISED: 10/27/88
REPORT TO: Paul Eddy P.O. NO.: V5228 AD
Laberatory Sample Nos. 816808 816809 8l6810
Client Identification LFA-PNLC LF1~PNL1 LF4=-PNL1
Iron <0.01 600, 1s.
Barium 0.044 4.0 0.13
Selenium <0.002 <0.002 <Q.002
Cadmium <0,002 0.004 <0, 002
Manganese 0.Q009 20, 3.6
Calcium 55. 210. 41,
Silver <0.01 0.029 <0.01
Sodium 110. 24. 11.
Chromium 0.022 0.68 0.026
Lead <0,02 <0.02 <0.02
Arsenic <D.002 <0.002 <Q.002
Mercury <0,0002 0.0027 <0,0002

0.00301

All values are reported in mg/l.

K.9
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CLIENT: Battelle =~ Pacific Northwest Labs DATE REPORTED: 9/26/88

DATE REVISED: 10/27/88

REPORT TO: Paul Eddy P.0O. HO.: v5228 AD
Laboratory Sample Nos, 816511 Ble8lz 816813
Client Identification LF4~PNL3 LTA=-PNLA LFA-PNLB
Iron 29. 460, 0.17
500. ]
Barium 0.36 2.2 <0.0032
2.3]
Selenium <0.002 «<0.002 <0.,002
<p.002]
Cadmium <0.002 0.006 <0.002
0.004]
Manganese 1.29 12.6 0.005
13.0)
Calcium l6. 118. 0.23
110.1
Silver <0.01 0.018 <0.01
0.030J
Sodium 6.4 17. 2.7
16.]
Chromium 0.037 D.53 <0.006
0.49]
Lead <0.02 <0.02 <0.02
<0.02]
Arsenic <Q.002 <0.002 <0.002
<0.002]
Mercury <0.0002 D.0031 <0.0002

All values are reported in mg/l.
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CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: &/26/88
DATE REVISED: 10/27/88
REPORT TO: Paul Eddy P.O. NO.: ¥5228 RD
SPIKE RECOVERIES
Element Sample Spike Recovery
Number Concentration (%)
(mg/1)
Iron 816813 1.0 97.0
Barium 816813 1.0 97.0
Selenium Bl6813 8.5 BE&.0O
Cadmium 816813 0.5 84.0
Manganese Bleg1l3 1.0 55.5
Calcium 816813 5.0 53.4
Silver 8lag8l32 0.050 88.0
Sodium 816813 2.5 11z.
Chromium 816813 1.0 98.0
Lead B1l68132 1.0 93.0
Arsenic 816813 0.5 96.0
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CLIENT: Battelle -~ Pacific NHorthwest Labks DATE REPORTED: 9/26/88
DATE REVISED: 10/27/88
REPORT TO: Paul Eddy P.O. NO.: V5228 AD

GC ANALYSIS OF PURGEABLE HALOCARBONS BY EPA METHOD 601

Laboratory Sample Nos. 816809 818810 DETECTION
LIMIT
Client Identification LF1-PNL1 LF4-PNL1 {(ug/1)
Chloromethane ND KD 2.
vinyl Chloride ND ND 2.
Bromomethane ND HD 2.
Chloroethane ND ND 2.
Dichlorodifluoromethane ND ND 2.
Trichlorefluoromethane ND ND 2.
1l,1-Dichloroethylene ND ND 2.
Methylene Chloride ND ND 10.
Trans-1,2-Dichloreothylene ND 0.9 0.6
1,1-Dichloroethane ND ND 0.6
Chlorocform 1.4 ND 0.6
1l,1,1-Trichloroethane ND ND 0.6
Carbkon Tetrachloride ND ND 0.6
1,2=Dichloroethane ND ND 0.6
Trichloroethylene ND 13.% 0.6
l,2=-Dichloropropane ND ND 0.6
Dichlorokbromomethane ND ND D.6
Trans-1,3-Dichloropropene ND ND 0.6
Cis-1,3-Dichlorecprepensa ND ND 0.6
1l,1,2=-Trichloroethane ND ND 0.6
Tetrachloroethylene ND ND 0.6
Dibromochloromethane ND ND 0.6
Bromoform ND ND 0.8
1,1,2,2-Tetrachloroethane ND ND 0.6

ND = Not Detected.
21l results reported in ug/l.

K.12
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- CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88
DATE REVISED: 10/27/88
REPORT TO: Paul Eddy F.O., NO.: V5228 AD

GC ANARLYSIS OF PURGEABLE HALOCARBONS BY EPA METHOD 601

Laboratory Sample Nos. 816811 8legl2 DETECTION
LIMIT
Client Identification LF4~PNL3 LFA-PNLA {ug/1)
Chloromethane ND ND 2.
Vinyl Chloride ND ND 2,
Bromomethane ND ND 2.
Cnhlorcethane ND ND 2.
Dichlorodifluoromethane WD HD 2.
Trichlorofluorcmethane ND 2.5 2.
1,1-Dichloroethylene ND ND 2.
Methylene Chloride ND ND 10,
Trans-1,2-Dichlorothylene ND ND 0.6
1,1-Dichlorcethane ND ND 0.6
Chlorocform 0.6 1.4 Q0.6
1,1,1-Trichlorocethane ND ND 0.6
Carbon Tetrachloride ND ND 0.6
1,2-Dichlorcethane ND ND 0.6
Trichlorcethylene 13. ND 0.6
1,2-Dichloropropane ND ND 0.6
Dichlorecbromomethane ND ND 0.6
Trans-1,3=-Dichloropropene ND ND 0.6
Cis=1,3=-Dichloropropene ND ¥D 0.6
1,1,2-Trichloroathane ND ND g.6
Tetrachlorocethylene ND ND 0.6
Dibromochloromethane ND ND 0.6
Bromoform ND ND 0.8
1,1,2,2-Tetrachloroethane ND ND 0.6

ND = Not Detected.
ARll results reported in ug/l.

K.13
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CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: §/26/88
DATE REVISED: 10/27/88
REPORT TO: Paul Eddy : P.O. HNO.: V5228 AD

GC ANALYSIS CF PURGEABLE HALCCARBONS BY EPA METHOD 601

Laboratory Sample Nos. 816813 816813 DETECTION
DUPLICATE LIMIT
Client Identification LFA-PNLB LFA=-PNLB (ug/l)
Chloromethane ND ND 2.
Vinyl Chloride ND ND 2.
Bromomethane ND ND l.
Chloroethane ND ND 2.
Dichlorediflucromethane ND ND 2.
Trichloroflucromethane ND ND 2.
1l,1~-Dichlorcethylene ND ND 2.
Methylene Chloride ND ND 10.
Trans-1,2=-Dichlecrothylene ND ND 0.6
1,1-~Dichloroethane ND ND 0.8
Chloroform 0.8 0.9 0.6
1,1,1-Trichloroethane ND ND 0.6
Carbon Tetrachloride ND ND 0.6
1,2-Dichlcroethane ND ND 0.6
Trichlcroethylene ND ND 0.6
1,2-Dichloropropane ND ND 0.6
Dichlorobromcomethane ND ND c.8
Trans~1l,3-Dichloropropene ND ND 0.6
Cis~1,3-Dichloropropene ND ND 0.6
1l,1,2-Trichlorecethane ND ND 0.6
Tetrachloroethylene ND ND 0.6
Dibromochloromethane ND ND 0.6
Bromoform ND ND 0.6
1l,1,2,2z-Tetrachlorcethane ND ND 0.6

ND = Not Detected.
All results reported in ug/l.

K.14
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CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88
DATE REVISED: 10/27/88

. REPORT T©: Paul Eddy P.C. NO,: V5228 AD

HERBICIDES IN WATER BY EPA METHCD 8150

Laboratory Client 2,4-D Silvex 2,4,5-7
Sample Nos. Identification

816809 ILFl=-PFHL1 ND ND ND
816810 LF4-PNL1 ND ND ND
8316811 LF4-PNL3 ND ND HD
316812 LFA-PNLA ND ND ND
816813 LFA~PNLB ND ND ND
DETECTION LIMIT 1.0 0.1 0.1

ND = Not Detected

A1l values are reperted in ug/l.

K.15
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CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88
DATE REVISED: 10/27/88
REPORT TO: Paul Eddy P.O., NO.: V5228 AD

PCB'S & PESTICIDES IN WAATER BY EPA METHOD 608

Laboratory Sample Nos. Bl6809 816810 DETECTION
LIMIT
Client Identification LF1-PNL1 LF4-PNL1 (ug/1)
PISTICIDES
Aldrin ND ND 0.04
Dieldrin ND ND 0.02
p,p'-DDT ND ND 0.12
p.p'-DDE ND ND 0.04
p.p'-DDD ND ND 0.11
Endosulfan I ND HD .14
Endosulfan IT ND ND 0.04
Endosulfan Sulfate ND ND 0.66
Endrin ND ND 0.06
Endrin Aldehyde ND ND 0.23
Heptachler ND ND 0.03
Heptachlcr Epoxide ND HD 0.83
a-BHC ND ND 0.03
b-BHC ND ND 0.06
g-BHC ND ND 0.04
d~BHC ND ND 0,09
Toxaphene ND ND 2.4
Chlordane ND ND 0.14
Methoxychlor ND ND 1.76
PCB'S
A-1016 ND ND 1.0
A=1221 ND ND 1.0
A-1232 ND ND 1.0
A-1242 ND ND 1.0
A-1248 ND ND 1.0
A=1254 ND ND 1.0
A-1260 ND ND l.0

ND = Not Detected
All values are reported in ug/l.

K.16



Al .

-13-
CLIENT: Battelle - Pacific Northwest Labs DATE REFPORTED: %/26/88
DATE REVISED: 10/27/88
REPORT TO: Paul Eddy P,0. HO.: V5228 AD

PCB'S & PESTICIDES IN WAATER BY EPA METHOD 608

Laboratory Sample Nos. 316811 816812 DETECTICN
LIMIT
Client Identification LF4=-PNL3 LFA-PNLA (ug/1)

PESTICIDES

Aldrin ND ND 0.04
Dieldrin ND ND 0.02
p.p'-DDT ND ND 0.12
p.p'=-DDE ND ND 0.04
p.p'~bDD ND ND 0.11
Endosulfan I ND ND 0.14
Endeosulfan II ND ND 0.04
Endosulfan Sulfate ND ND 0.66
Endrin ND ND 0.06
Endrin Aldehyde ND ND 0,213
Heptachlor ND ND 0.03
Heptachlor Epoxide ND ND 0.83
a-BHC ND ND 0.03
b~BHC KD ND 0.08
g-BHC ND ND 0.04
d-BHC ND ND c.09
Toxaphene ND ND 2.4
Chlordane ND ND 0.14
Methoxychlor ND ND 1.76
PCB'S

A-101¢6 ND ND 1.¢
A-1221 ND ND 1.0
A-1232" ND ND 1.0
A-1242 ND ND l.0
A-1248 ND ND 1,0
A-1254 ND ND 1.0
A-1260 ND ND l.0

ND = Not Detected
All values are reported in ug/l.

K.17
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CLIENT: Battelle - Pacific Northwest Labs DATE REPCRTED: 9/26/88
DATE REVISED: 10/27/88
REPORT TO: Paul Eddy P.C. NO.: V5228 AD

PCB'S & PESTICIDES IN WAATER BY EPA METHOD 608

Laberatory Sample Nes. Bl6813 DETECTION
LIMIT
Client Identification LFA-PNLE {ug/l)
PESTICIDES
Aldrin ND 0.04
Dieldrin ND 0.02
p.pt-DDT HD c.12
p.p'-DDE ND 0.04
p.p'-DDD ND 0.11
Endosulfan I ND 0.14
Endosulfan II ND 0.04
Endosulfan Sulfate ND 0.66
Endrin ND 0.06
Endrin Aldehyde ND 0.23
Heptachlor ND .03
Heptachlor Epoxide ND 0.83
a-BHC ND 0.03
b~BHC ND 0.08&
g-BHC ND 0.04
d~BHC ND 0.09
Toxaphene ND 2.4
Chlordane HD 0.14
Methoxychlor KD 1.76
PCB'S
A=1016 ND 1.0
A-1221 HD 1.0
A-1232 ND 1.0
A~1242 HD 1.0
A-1248 ND 1.0
A=-1254 ND 1.0
A=-1260 ND 1.0

ND = Not Detected
All values are reported in ug/l.

REPORTED BY O/ 7 /\_/&J‘

JTD/pb ~John T. Dajifey =

K.18



Am Test Analytical Results From Early
September, 1988 Sampling Event



a1 test inc.
14603 N.E. 87th 5t. * REDMOND, WASHINGTON 398052 » 206/885-1664

ANALYSIS REPORT

CLIENT: Battelle - Pacific Northwest Laks DATE REPORTED: 9/26/88
DATE REVISED: 10/27/88
REPORT TO: Paul Eddy P.0O. NO.: V5228 AD

P.0O. Box %99
Richland, WA 99352

Laboratory Sample Nos. 817883 817884 817885
Client Identification LF1-PNL2 L1F1-PNL3 LF1-PNL4
PH 7.17 7.26 6.39
6.34]
Specific Conductance {(umhos/cm @ 25°C) 245, 120. 270.
265. ]
Total Coliform (MPN/100 ml) <2.5 20. <2.5
01l & Grease (mg/l) <l.2 <l.1 <l.2
Total Organic Halides (ug/l as Cl7) <10. <10. <l0.
Gross Beta (pCI/L) <2. <2. <2.
Radium (pCI/L)} <1l. 1.3 <l.
Gross Alpha (pCI/l) <l. <1, <1.
Total Disselved Saolids {mg/l) 151. 124. 177.
Tatal Organic Carbon (mg/l) 0.757 0.677 2.12
0.790]
Chloride (mg/l) 2.74 4.60 3.65
FPhenel (mg/l) <0.008 <0.008 «<0,008
Nitrate - Nitrogen (mg/l) 0.23 <0,0l 1.83
Fluoride (mg/l) 0.72 <0.01 <0.01
Sulfate (mg/l) 3.51 12.5 23.6
Cyanide (mg/1l) <0.006 <0.006 <0.006
<0.006)

K.19
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CLIENT: - Battelle - Pacific Nerthwest Labs

DATE REPORTED: 9/26/88
DATE REVISED: 10/27/88

REPORT TO: Paul Eddy P.O. NO.: V5228 AD
Laborateory Sample Nos. B1l7886 B17887
Client Identificaticn LF4-PNL2 ngfﬁNL4
pH 6.58 6.32
Specific Conductance {(umhos/cm € 25°C) 440, 270
Total Coliform (MPN/100 ml) <2.5 <2.5
¢il & Grease (ng/l) <l.2 <1.2
Total Organic Halides {ug/l as Cl17) <10. <10.
Gross Beta (pCI/L) <l, <l.
Radium (pCI/L) <1, <1l.
Gross Alpha (pCI/l) <l. <l.
Total Disselved Solids (mg/l) 253, 183,
203.]
Total Organic¢ Carbon (mg/l) 2.28 2.52
Chloride (mg/1) 4.14 3.30
3.40]
Phenol (mg/l) <0.008 <0.008
Nitrate - Nitrogen (mg/l) <0.01 1.96
1.92]
Fluoride (mg/1l) <0.01 <0.01
<0.01}
Sulfate (mg/l) 26.4 21.7
24.0]
Cyanide (mg/1l) <0.006 <0,006

K.20
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CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88
DATE REVISED: 10/27/88
REPORT TO: Paul Eddy P.O. NO.: V5228 AD
SPIKE RECOVERIES
Parameter Sample Spike Recovery
Number Conec. (%)
(mg/1)
Total Organic Halides 817883 250, 93,1
Total Organic Carbon 817884 B.OC 107.2
Chloride 817887 1.0 90.2
Kitrate ~ Nitrogen 817887 1.0 96,2
Fluoride 817887 c.5 86.4
Sulfate 817887 1.0 100Q.
Cyanide 817884 0.025 95.0

*Reported in ug/l as Cl".

K.21
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CLIENT: Battelle = Pacific Northwest Labs DATE REPORTED: 9/26/88
DATE REVISED: 10/27/88

REPORT TO: Paul Eddy P.C. NO.: V5228 AD

Laboratory Sample Nos. 817883 817884 817885

Client Identification LF1-PNL2 LF1-PNL3 LF1-PNL4

Iron 1.5 11. 2.7

Barium 0.012 0.078 0,026

Selenium <0.002 <(Q.002 <0.,002

Cadmium <0.002 <Q,002 <0.002

Manganese 0.080 0.368 1.07

Calcium 23, 13. 30.

Silver <0.010 <0.01l0 <0.010

Sodium 5.3 3.3 5.3

Chromium 0.073 0.10 0.11

Lead <0.02 <0.02 <0.02

Arsenic <D.002 0.004 <0.002

<0.002]
Mercury <0.0002 <0.0002 <0.0002

All values are reported in mg/1.

K.22
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CLIENT: Battelle - Pacific Northwest Labs

REPORT TO: Paul Eddy

DATE REPORTED: 9/26/88
DATE REVISED: 110/27/88
P.Q. NO.: V5228 AD

Laboratory Sample Nos. 817886 817887
Client Identification LF4-PNL2 Lgtln-:i:'nm
Iron 15. 3.4
Barium 0.106 0.033
Selenium <0.002 <0.002
Cadmium <0.002 <0.002
Manganese 4.3 1.0
Calcium 54. 29.
Silver <0.010 <0.010
Sodium 10.4 4.6
Chromium 0.20 0.10
Lead <0.02 <0.02
Arsenic 0.003 <0,002
0.009]
Mercury <0.0002 <0.0002

All values are reported in mg/1.

K.23
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CLIENT: Battelle - Pacific Northwest Labs DATE REPCORTED: 9/26/88
DATE REVISED: 10/27/88
REPORT TC: Paul Eddy P.O. NO.: V5228 AD

GC ANALYSIS OF PURGEABLE HALOCARBONS BY EPA METHOD 601

Laboratory Sample Nos. Bl7883 817884 DETECTION
LIMIT

Client Identification LF1-PNL2 LF1-PNL3 (ug/1)
Chloromethane ND ND 3.
Vinyl Chloride ND ND 3.
Bromnomethane ND ND 3.
Chlorecethane ND ND 3.
Dichlorodifluocrcmethane ND ND 3.
Trichlorofluorosmethane ND ND 3.
1,1-Dichlorcethylene ND ND 3.
Methylene Chloride ND ND 15.
Trans-l,2~Dichlorothylene ND ND 2.
1,1-Dichlorcethane ND ND 2.
Chloroform ND ND 2.
1,1,1-Trichloroethane ND ND 2.
Carbon Tetrachleoride ND ND 2.
1,2-Dichlorcethane ND ND 2.
Trichlercethylene ND ND 2.
1,2-Dichloropropane ND ND 2.
Dichloreobromomethane ND ND 2.
Trans-l,3-Dichlorepropene ND ND 2.
Cis~1,3-Dichloropropene ND ND 2.
1,1,2-Trichloroethane ND ND 2.
Tetrachleoroethylene ND ND 2.
Dibromochloromethane ND ND 2.
Bromoform ND ND 2.
1,1,2,2-Tetrachloroethane ND ND 2.

ND = Not Detected.
All results reported in ug/l.

K.24
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CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88
DATE REVISED: 10/27/88

REPORT TO: Paul Eddy P.O. NO.: V5228 AD

GC ANALYSIS OF PURGEABLE HALOCARBONS BY EPA METHOD 601

Laporateory Sample Nos. B17885 817886 DETECTION
LIMIT

Client Identification LF1-PNL4 LF4-PNL2 (ug/1}
Chloromethane ND ND 3,
Vinyl Chloride ND ND 3.
Bromomethane ND ND 3.
Chloroethane ND ND 3.
Dichleorodifluoromethane ND ND 3.
Trichloroflucromethane ND ND 3.
1,1-Dichloroethylene ND ND 3.
Methylene Chloride ND ND 15.
Trans-1,2-Dichlorothylene ND ND 2.
1l,1-Dichloroethane ND ND 2.
Chloroform ND ND 2.
1,1,1-Trichloroethane ND ND 2.
Carbon Tetrachloride ND ND 2.
1,2-Dichloroethane ND ND 2.
Trichloroethylene ND 5.7 2.
1,2~Dichloropropane ND ND 2,
Dichleorokbromomethane ND ND 2,
Trans-1,3-Dichloropropene ND ND 2.
Cis=-1,3-Dichloropropene ND ND 2.
1l,1,2-Trichloroethane ND ND 2.
Tetrachlorcethylene ND ND 2.
Dibromochloromethane ND ND 2.
Bromoform ND HD 2.
1,1,2,2-Tetrachloroethane ND ND 2.

ND = Not Detected. _
All results reported in ug/l.

K.25
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CLIENT: Battelle - Pacific Northwest Labs DATE REPCRTED: 9/26/88
DATE REVISED: 10/27/838
REPQRT TO: Paul Eddy P.O. NO.: V5228 AD

GC ANALYSIS OF PURGEABLE HALOCARBONS BY EPA METHOD €01

Laboratory Sample Nos. 817887 817887 DETECTION
DUP. SPIKE LIMIT
Client Identification LF1-PNL4 RECOVERY (ug/1l)
(ug/1) (%)

CThloromethane ND - 3.
Vinyl chloride ND - 3.
Bromomethane ND - 3.
Chloroethane ND - 3.
Dichlorodifluoromethane ND - 3.
Trichlorcfluoromethane ND - 3.
l,1-Dichloroethylene ND - 3.
Methylene Chloride ND - 15.
Trans=1,2-Dichlorothylene ND 93, 2.
1l,1-Dichloroethane ND 82. 2.
Chloroform ND BO. 2.
1,1,1-Trichloroethane ND 105. 2.
Carbon Tetrachloride ND 114. 2.
l,2«-Dichloroethane ND 75, 2.
Trichleroethylene ND 66. 2,
1,2=-Dichloropropane ND 76. 2.
Dichlorobromomethane ND 78. 2.
Trans=-1, 3=-Dichloropropene ND 115. 2.
Cis-1,3=Dichloropropene ND 72. 2.
1,1,2-Trichlorcethane ND 63. 2.
Tetrachlorcethylene ND 81l. 2.
Dibromochloromethane ND 71, 2.
Bromoform ND - 2.
1,1,2,2-Tetrachloroethane ND - 2.

ND = Not Detected.

K.26
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CLIENT: Battelle - Pacific Northwest Labs _ DATE REPORTED: 9,/26/88
DATE REVISED: 10/27/838

REPORT TO: Paul Eddy P.O. NO.: V5228 AD

PCB'S & PESTICIDES IN WATER BY EPA METHOD €08

Laboratory Sample Nos. 817883 817884 DETECTION
LIMIT
Client Identification LF1-PNL2 LF1=-PNL3 {ug/l)
PESTICIDES
Aldrin ND ND 0.04
Dieldrin ND ND 0.02
p,p'=DDT ND ND 0.12
p.p'-DDE ND ND 0,04
p,p'=-DDD ND ND 0.11
Endeosulfan I HD ND 0.14
Endosulfan II HD ND 0.04
Endosulfan Sulfate ND ND 0.66
Endrin ND ND 0.06
Endrin Aldehyde ND ND ) Q.23
Heptachlor WD WD 0.03
Heptachlor Epoxide ND ND ¢.83
a-BHC ND ND 0.03
b=BHC ND ND 0.06
g-BHC ND ND Q.04
d=-BHC ND ND 0.09
Toxaphene ND ND 2.4
Chlordane ND ND 0.14
Methoxychlor ND ND 1.76
PCB'S
A-1016 ND ND 1.0
A-1221 ND ND 1.0
A-1232 ND ND 1.0
A=1242 ND ND 1.0
A=1248 ND ND 1.0
A-1254 ND ND 1.0
A-1260 ND ND 1.0

ND = Nct Detected
All values are reported in ug/l.

K.27
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CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88
DATE REVISED: 10/27/88
REPORT TO: Paul Eddy P.0. NO,: V5228 AD

PCB'S & PESTICIDES IN WATER BY EPA METHOD 608

Laboratory Sample Nos. 817885 B17886 DETECTION
LIMIT
Client Identification LF1-PNL4 LF4-PNL1 {ug/1)
PESTICIDES
Aldrin ND ND 0.04
Pieldrin ND ND 0.02
p,p'-DDT ND ND 0.12
p,p'~DDE KD ND D.04
p,p'~DDD ND ND 0.11
Endosulfan I ND ND 0.14
Endosulfan IT ND ND 0.04
Endosulfan Sulfate ND ND 0.66
Endrin ND ND 0.06
Endrin Aldehyde ND ND 0.23
Heptachlor ND ND 0.03
Heptachlor Epoxide ND ND 0.83
a-BHC ND ND Q.03
b-BHC ND ND Q.06
g~BHC ND ND 0.04
d~-BHC ND ND 0.09
Toxaphene ND ND 2.4
Chlordane ND ND 0.14
Methoxychlor ND ND 1.76
ECB'S
A-101% ND ND 1.0
Aa-1221 ND ND l.a
A=-1232 ND ND 1.0
A=1242 ND ND 1.0
R-1248 ND ND 1.0
A~1254 ' ND ND 1.0
A-1260 ND ND 1.0

ND = Not Detected
2ll values are reported in ug/l.

K.28
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CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88
DATE REVISED: 10/27/88
REPORT TO: Paul Eddy P.0. NO.: V5228 AD

PCB'S & PESTICIDES IN WATER BY EPA METHOD 608

Laboratory Sample Nos. §17887 DETECTION
DUP. LIMIT
Client Identification Lr1-PNL4 (ug/1)
PESTICIDES
Aldrin ND 0.C4
Dieldrin ND 0.02
p,p'-DDT ND 0.12
b,p'~DDE ND 0.04
p,p'~DDD ND 0.11
Endosulfan I ND 0.14
Endosuilfan II ND 0.04
Endosulfan Sulfate ND Q.66
Endrin ND 0.06
Endrin Aldehyde ND 0.23
Heptachlor ND 0.03
Heptachlor Epoxide ND 0.83
a-BHC ND 0.03
b-BHC ND 0.06
g-BHC ND 0.04
d-BHC ND 0.09%
Toxaphene ND 2.4
Chlordane ND 0.14
Methoxychlor WD 1.76
ECE 1 E
A~1016 ND 1.0
A-1221 ND 1.0
A-1232 ND l.0
A-1242 ND 1.0
A=-1248 HD 1.0
h-1254 ND 1.0
A-1260 ND 1.0

ND = Not Detected
All values are reported in ug/l.

K.29
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CLIENT: Battelle - Pacific Northwest Labs DATE REPORTED: 9/26/88
DATE REVISED: 10/27/88

REPCRT TO: Paul Eddy P.Q. NO.: V5228 AD

HERBICIDES IN WATER BY EPA METHOD 8150

Laboratory Client 2,4=-D Silvex 2,4,5-T

Sample Nos. Identification

B17883 LF1-PNL-2 ND ND ND

817884 LF1=-PNL-3 ND ND ND

8l788B5 LF1-PNL=-4 ND ND ND

81788a LF4=-PNL~?2 ND ND ND

817387 LF1-PNL-4 ND ND ND
Duplicate

DETECTION LIMIT 1.0 0.1 0.1

ND = Not Detected

All values are repeorted in ug/l.

REPORTED BY j { =7 )7 o

JTD/ph ,// Johh T"Dal

K.30



Am Test Analytical Results From Late
October, 1988 Sampling Event



| 2m test inc.

14603 N.E. 87th St. * REDMOND, WASHINGTON 98052 « 206/885-1664

ANALYSTS REPORT

Date Received: 10/31/88
CLIENT: Battelle = Pacific DATE REPORTED: 12/6/88
Northwest Labs DATE REVISED: 1/4/8%8
P.Q. HO.: V5228 AD
REFPORT TO: Paul Eddy
P.O., Box 9399
Richland, WA 99352

Laboratory Sample Nos. B22066 822067
Duplicate

Client Identification LF4-FPNL4 LF4-PHL4

pH 6.29 6.35

Specific Conductance 260, 270,
{umhos/cm @ 259}

Total Coliferm (CFU/100 ml) <1.8 4.5

Cil & Grease (mg/l) <1. 5.4

Total Organic Halide 93.6 <10.
{ug/l as Cl7)

Gross Beta (pCI/L) <2.0 <2.0

Radium (pCI/L) <2.0 <2.0

Gross Alpha (pCI/L) <l.0 <1.0

Total Dissclved Seolids 239, 288.
(mg/1}

Total Organic Carbon 1.23 1.26
(mg/1)

Chloride (mg/l) 3.59 2.32

K.31
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CLIENT: Battelle - Pacific DATE REPORTED: 12/6/88
Northwest Labs DATE REVISED: 1/4/88
P.O. NO.: V5228 AD
REPORT TO: ©Paul Eddy
Laboratory Sample Nos. B22066 822067
Duplicate
Client Identification LF4~PNL4 LF4~PNL4
Phenol (mg/l) <0.008 <0.008
Nitrate - Nitrcgen (mg/l) 1.34 1.38
Fluoride (mg/1l) <Q,010 <0.010
Sulfate (mg/1l) 20.5 20.9
Cyanide (mg/l) <0D.006 <0,006
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CLIENT: Battelle - Pacific DATE REPORTED: 12/6/88
Northwest Labs DATE REVISED: 1/4/88
P.O. NO.,: V5228 AD
REPORT TO: Paul Eddy
Laboratory Sample Nos. B22068 B22069
Client Identification LF4-PNL5 LF4=-PNLGA
pPH 6§.67 6.88
Specific Conductance 92, 124.
(umhos/cm @ 259}
Total Coliform {CFU/100 ml) 23. 49.
0il & Grease (mg/l) 3.2 4.2
Total Organic Halide 102. 202,
(ug/l as Cl17)
Gross Beta (pCl/L) <2.,0 <2.0
Radium (pCI/L) <2.0 <2.0
Gross Alpha (pCI/L) <l.0 <l.0
Total Dissolved Solids 150. 275.
(mg/1)
Total Organic Carbon 0.678 0.693
(mg/1) 0.7521
Chleride (mg/l} l.41 2.94
2.901]
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CLIENT: Battelle - Pacific DATE REPORTED: 12/6/838
Northwest Labs DATE REVISED: 1/4/88
P.O. NG.: V5228 AD
REPCRT TO: Paul Eday

Laporatory Sample Nos. B22068 B22069
Client Identification LF4-PNL5S LF4~-FNL6A
Phenol (mg/l) <0.008 <0.008
Nitrate - Nitrogen (mg/l) 0.416 0.388
0.366]
Fluoride (mg/l) <0,010 <0.010
Sulfate (mg/l) 7.20 6,97
6.72]
Cyanide (mg/1) <0.006 <0.006
<0.0061
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CLIENT: Battelle - Pacific DATE REPORTED: 12/6/88

Northwest Labs DATE REVISED: 1/4/88

P.O, NO.: V5228 AD
REPORT TO: Paul Eddy
SPIKE RECOVERIES
Parameter Sample Spike Recovery
Number Conc. (%)
(mg/1)

Total Organic Carbon 8220869 B.0 100.3
Phenol 822069 10.* 98.1
Nitrate =- Nitrogen 822069 0.25 97.7
Fluoride 822069 0.25 10%.7
Sulfate 822069 0.5 107.¢6
Cyanide 822069 0.025 93.5

*Reported in ug.
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CLIENT: Battelle - Pacific DATE REPORTED: 12/6/88
Northwest Labs DATE REVISED: 1/4/88
P.O. HNO.: V5228 AD
REPCORT TO: Paul Eddy
Laboratory Sample Nos. 822066 822067
Duplicate
Client Identification LF4-PNL4 LF4-PNL4
Iron (mg/l) 0.22 0.073
Barium (mg/1} ' 0.011 0.010
Selenium {mg/1) <0.002 <0.002
Cadmium {mg/l) <0.0005 <0.0005
Manganese (mg/1) 0.027 0.020
Calcium (mg/1) 32. 32,
Silver (mg/l)} 0.0008 0.0016
Sodium (mg/l) B.1 8.1
Chromium (mg/1) 0.013 0.012
Lead (mg/l) <0.001 <0.001
Arsenic (mg/l) <0.002 <0.002
Mercury (mg/l) <0.0002 <0.0002
<0.0002]
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CLIENT: Battelle - Pacific DATE REPORTED: 12/6/88
Northwest Labs DATE REVISED: 1/4/88
P.O. NO.: V5228 AD

REPORT TC: Paul Eddy

Laboratory Sample KNos. B22068 B22069

Client Identification LF4~-PNL5 LF4~PNL6GA

Iron (mg/l) 6.6 0.17
7.51]

Barium (mg/l) 0.032 0,006
0.104]

Selenium (mg/l) <0.002 <0,002
<0.002]

Cadmium (mg/l) <0,0005 <0.0005
0.0010]

Manganese {(mg/l) 0.3313 0.007

Calcium (mg/1) 10. 6.0
11.]

Silver (mg/1) 0.0018 0.0016
0.0009]

Sodium (mg/l) 3.4 6.0
4.41

Chromium (mg/1) 0.012 <0.006
0.011]

Lead (mg/1) 0.004 <0.001
0.0041

Arsenic {mg/l) 0.005 <0,002
0.0061

Mercury {mg/l) <0.0002 <0,0002
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CLIENT: Battelle = Pacific DATE REPCRTED: 12/6/88
Northwest Labs DATE REVISED: 1/4/88
P.C. NC.: V5228 AD
REPORT TO: Paul Eddy

SPIKE RECCVERIES

Parameter Sample Spike Recovery
Number Conc. (%)
(mg/1)
Iron 822069 1.0 85.
Barium 822069 1.0 104.
Selenium 822069 0.25 106.
Cadmium 822069 0.5 96.
Manganese 822069 1.0 102,
Calcium B22069 10, 100.
Silver B22069 0.040 83.2
Sodium 822069 5.0 92.
Chromium 822069 1.0 100.
Lead 822069 1.0 : 93.
Arsenic 822069 0.5 96,
Mercury B22067 0.0050 100.
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CLIENT: Battelle = Pacific DATE REPCRTED: 12/6/88
Northwest Labs DATE REVISED: 1/4/88
P.O. NO.: V5228 AD

REPORT TO: Paul Eddy

GC AﬁALYSIS OF PURGEABLE HALOCARBONS BY EPA METHOD 601

Laboratory Sample Hos. BLANK DETECTION
LIMIT

Client Identification . —— (ug/1)
Chloronethane ND 2.0
Vinyl Chleride ND 2.0
Bromomethane ND 2.0
Chlorcethane ND 2.0
Dichlorodifluoromethane ND 2.0
Trichlorofluorcmethane ND 2.0
1,1-Dichloroethylene ND 2.0
Methylene Chloride 8.0 1.5
Trans-1,2-Dichloroethylene ND 0.7
l,l-Dichloroethane ND 0.7
Chloroform 1.0 0.7
1,1,1-Trichlorocethane ND 0.7
Carbon Tetrachloride ND 6.7
1,2-Dichloroethane ND 0.7
Trichloroethylane ND 0.7
1,2=Dichloropropane ND 0.7
Dichlorobromomethane ND 0.7
Trans-1,3-Dichloropropene ND 0.7
Cis~1,3~Dichlocropropene ND 0.7
1,1,2-Trichlorcethane ND 0.7
Tetrachloroethylene ND 0.7
Dibromochloreomethane ND 0.7
Bromoform ND 0.7
i,1,2,2-Tetrachlorcethane ND 0.7

All results are reported in ug/l.
ND = Not Detected.
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CLIENT: Battelle ~ Pacific DATE REPORTED: 1l2/6/88
Northwest Labs DATE REVISED: 1/4/88
P.0. No.,: V5228 AD

~10=-

REPOQRT TO: Paul Eddy

GC ANALYSIS OF PURGEABLE HALOCARBONS BY EPA METHOD &01

Laboratory Sample Nos. 822066 822067 DETECTION
Duplicate LIMIT

Client Identification LF4-PNL4  LF4~PNL4 (ug/1)
Chloromethane ¥D XD 2.0
Vinyl Chleride ND ND 2.0
Bromcemethane ND ND 2.0
Chloroethane ND ND 2.0
Dichloreodifluoromethane ND ND 2.0
Trichlorofluoromethane ND ND 2.0
1,1-Dichloroethylene ND KD 2.0
Methylene Chloride 26. 2.0 1.5
Trans-1,2-Dichlorcethylene 0.8 0.8 0.7
1,1-Dichloroethane ND ND 0.7
Chleoroform ND ND 0.7
1,1,1~Trichlorocethane ND ND 0.7
Carbon Tetrachloride ND ND 0.7
1,2-Dichlorcethane ND ND 0.7
Trichleorpethylene 22. 19. 0.7
1,2-Dichloropropane ND ND 0.7
Dichlorobromomethane ND ND 0.7
Trans-1,3-Dichlcropropene ND ND 0.7
Cis-1,3-Dichloropropene ND ND 0.7
1:;1,2=-Trichloroethane HD ND 0.7
Tetrachleoroethylene ND ND 0.7
Dibromochloromethane ND ND 0.7
Bromoform ND ND 0.7
1l,1,2,2-Tetrachlorcethane HD ND 0.7

All results are reported in ug/l.
ND = Ncot Detected.

K.40



Al

CLIENT: Battelle -~ Pacific DATE REPORTED: 12/6/88
Northwest Labs DATE REVISED: 1/4/88
P.O, NO.: V5228 AD

=-11~-

REPORT TO: Paul Eddy

GC ANALYSIS QOF PURGEABLE HALOCARBONS BY EPA METHOD 601

Laboratory Sample Nos. 822068 822069 DETECTION
LIMIT

Client Identification LF4-PNL5 LF4-PNLEA {ug/1)
Chloromethane ND ND 2.0
Vinyl Chloride ND ND 2.0
Bromomethane ND ND 2.0
Chloroethane ND ND 2.0
Dichlorediflucromethane ND ND 2.0
Trichlorofluoromethane ND KD 2.0
1,1-Dichloroethylene KD ND 2.0
Methylene Chloride 1.5 2.5 1.5
Trans-1,2-Dichlorcethylene ND ND 0.7
l,1-Dichloroethane ND ND 0.7
Chloroform ND 0.7 0.7
1,1,1-Trichloroethane ND ND 0.7
Carbon Tetrachloride ND ND 0.7
1,2-Dichloroethane KD ND 0.7
Trichloroethylene KD KD 0.7
1,2-Dichloroprcpane ND ND 0.7
Dichlorobromomethane ND ND 0.7
Trans~1,1-Dichloropropene ND ND 0.7
Cis~-1,3-Dichloropropene ND ND 0.7
1,1,2-Trichloroethane ND ND 0.7
Tetrachlerocethylene ND ND 0.7
Dibromochleromethane ND ND 0.7
Bromoform ND ND 0.7
1,1,2,2-Tetrachloroethane ND ND 0.7

All results are reported in ug/l.
ND = Not Detected.
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CLIENT: Battelle - Pacific ' DATE REPORTED: 12/6/BB
Neorthwest Labs DATE REVISED: 1/4/88
P.0. NO.: V5228 AD
REPORT TO: Paul Eddy
Laboratory Sample Nos, 822066 822067 DETECTICH
Duplicate LIMIT
Client Identification LF4-PNL4 LF4~PNL4 {(ug/1)
PCB's* ND ND 0.5
Endrin ND ND 0.06
Lindane ND ND 0.04
Methoxychlor ND ND 0.5
Toxaphene ND ND 5.0

*PCB's analyzed for Arochleor 1016, 1221, 1232, 1242, 1248, 1254,
1260, & 1262.

ND = Not Detected.

Al]l values are reported in ug/l.
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CLIENT: Battelle - Pacific DATE REPORTED: 12/6/88
Northwest Labs DATE REVISED: 1/4/88
P.O. NO.: V5228 AD
REPCRT TC: Paul Eddy
Laporatory Sample Nos, 822068 822068 DETECTION
LIMIT
Client Identification LF4~PNL5S LF4=-PNL6A {ug/l)
PCB's* ND ND 0.5
Endrin ND ND .06
Lindane ND ND 0.04
Methoxychlor ND ND 0.3
Toxaphene ND ND 5.0

*PCB's analyzed for Arochler 1018, 1221, 1232, 1242, 1248, 1254,
1260, & 1262.

ND = Not Detected.

All values are reperted in ug/l.
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CLIENT: Battelle = Pacific DATE REPORTED: l12/6/88
Neorthwest Labs DATE REVISED: 1/4/88
P.O., NQO.: V5228 AD
REPORT TO: Paul Eddy

HERBICIDES IN WATER BY EPA METHOD 8150

Laboratory Client 2,4-D Silvex 2,4,5-7
Sample Nos. Identification (ug/1) (ug/1) {ug/1)
822066 LF4-PNL4 ND ND ND
822087 LF4-PNL4 ND ND ND
Cuplicate
B220¢&8 LF4-PNLS ND ND ND
822069 LF4-PNLEA ND ND ND
DETECTION LIMIT 1.0 0.1 0.1

ND = Not Detected.

REPORTED BY __ i oo . " 5/
JTD/pb John T. Dailey

K.44



Am Test Analytical Results From Middle
December, 1988 Sampling Event



- 2m test inc.

14603 N.E. 87th St. » REDMOND, WASHINGTON 98052 » 206/885-1664

ANATYSTIS REPORT

CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 12/16/88
DATE REPORTED: 12/31/88
REPORT TO: George Last PROJECT: Fort Lewls

P.0. Box 999
Richland, WA 99352

Laboratory Client Total 0il & Total Celiform
Sample Nos. Identification Grease (mg/l) [MPN) *
B25627 LF1-PNL=-1 7.7 <l.8
825628 LF1-PNL-5 11.8 <l.8
B25629 Fort Lewis LF-4 8.5 <l.8
825620 LF1-PNL-86 B.3 <l.8
825631 Fort Lewis LF-2 9.4 <l.8
825632 Fort Lewis Well #2 21.86 13,
825623 LF4~PNL-3 g.6 <l.8
825634 Sequalitchew Lake 11.8 17.
825635 Fort Lewis LF=3 11.5 <l.8
825636 LF1-PNL-2 9.2 13.
8256137 Fort Lewis LF-1 7.6 4.5
825628 LF1-PNL-3 8.2 21.
825629 LF1-PNL-4 8.2 22.

*NOTE: Samples received at Lab over 30 hours old - analyzed at Clients
request.

MPN = Most probable number.
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CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 12/16/88
DATE REPORTED: 12/31/88
REPORT TQ: George Last PROJECT: Fort Lewis

GC/MS SEMIVOLATILES BY EPA METHOD 625

Laboratory Sample Nos. BNA BNA B25627 DETECTION
Method Method LIMIT
Client Identification Blank Blank LF1-PHL 1 (ug/1)

12/19/88 12/21/88

Aniline ND ND ND 1.0
2-Chlorophenol ND ND ND 1.0
Bis (2-Chlecroethyl) Ether ND ND ND 1.0
Phenol ND ND ND 1.0
1,3-Dichlorobenzene ND ND ND 1.0
l,4~Dichlorobenzene ND ND ND 1.0
l,2-Dichlorobenzene ND ND KD 1.0
Benzyl Alcohol ND ND ND 1.0
Bis (2=-Chloroiscpropyl) Ether ND ND ND 1.0
2~-Methylphenol ND ND ND 1.0
Hexachlorcethane ND ND ND 1.0
N-Nitroscdipropylamine ND ND ND 1.0
Nitrcbenzene ND ND ND 1.0
4-Methylphenol ND ND ND 1.0
Iscpherone ND ND ND 1.0
2-Nitrophenol ND ND ND 1.0
2,4~-Dimethylphencl ND ND ND 1.0
Bis (2-chleoroethoxy) Methane ND ND ND 1.0
2,4-Dichlorophenol ND ND ND 1.0
l1,2,4=-Trichlorobenzene ND ND ND 1.0
Naphthalene ND ND ND 1.0
Benzolc Acid ND ND ND 5.0
4=Chlorocaniline ND ND ND 1.0
Hexachlorobutadiene ND ND ND 1.0
2-Methylnaphthalene ND ND ND 1.0
4-Chloro-3-Methylphencl ND ND ND 1.0
Hexachlorocycleocpentadiene ND ND ND 2.0
2,4,6~Trichlorophencl ND ND ND 2.0
2,4,5=Trichlorophencl ND ND KD 2.0

ND = Not Detected,.
All values are repocrted in ug/l.
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CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 12/16/88
DATE REPORTED: 12/31/88
REPCRT TO: George Last PROJECT: Fort Lewis
GC/MS SEMIVOLATILES BY EPA METHOD 625
Laboratory Sample Nos, BNA BNA 825627 DETECTION
Method Method LIMIT
Client Identification Blank Blank LF1-PNL-1 (ug/1)
12/19/88 l12/21/88
2-Chlorcnaphthalene ND ND ND 1.0
2-Nitroaniline ND ND ND 1.0
Acenaphthylene ND ND ND 1.0
Dimethyl Phthalate ND ND ND l.0
2,6-Dinitrotoluene ND ND ND 2.0
Acenaphthene ND ND ND 1.0
3-Nitroaniline HD ND ND 2.0
2,4-Dinitrophenol ND ND ND 5.0
Dibenzofuran ND ND ND 1.0
2,4-Dinitrotoluene ND ND ND 2.0
4~Nitrophenol ND ND ND 4.0
Fluorene ND ND ND 1.0
4-Chlorophenyl Phenyl Ether ND ND KD 1.0
Diethyl Phthalate ND ND ND 1.0
4=Nitrcaniline KD KD ND 3.0
2~Methyl=-4,6~Dinitrophenol ND ND ND 5.0
N-Nitrosodiphenylamine ND ND ND 1.0
Azobenzene KD ND ND 1.0
4-Bromophenyl Phenyl Ether ND ND ND 2.0
Hexachlorobenzene KD KD ND 2.0
Pentachloreocphencl ND ND ND 5.0
Phenanthrene ND ND ND 1.0
Anthracene ND ND ND 1.0
Di-N-Butyl Phthalate KD HD ND 1.0
Fluoranthens ND ND ND 1.0
Pyrene KD KD KD 1.0
Benzidine ND KD KD 3.0
Benzy Butyl Phthalate ND ND ND 1.0
Benzo (a) Anthracene ND ND ND 1.0

ND = Not Detected.

All values are reported in ug/l.
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CLIENT: Battelle Horthwest Laboratories

REPORT TO: George Last

DATE RECEIVED:
DATE REPORTED:
PROQJECT:

GC/MS SEMIVOLATILES BY EPA METHOD 625

12/16/88
12/31/88

Fort Lewis

Laboratory Sample MNos. BNA BNA 825627
Methed Method
Client Identification Blank Blank LF1-PHL-1
12/19/88 12/21/88

Compounds Concentration (ug/l) DETECTION

LIMIT

(ug/1)
Chrysene ND ND ND 1.0
3,3-Dichlercbenzidine ND ND ND 3.0
Bis (2-Ethylhexyl) Phthalate ND ND ND 1.0
Di~-N-Octyl Phthalate ND ND KD 1.0
Benzc (b) Flucranthene ND ND ND 1.0
Benzo (k) Fluoranthene ND ND ND 1.0
Benzo (a) Pyrene ND ND ND 1.0
Indeno (1,2,3-cd)} Pyrene ND ND ND l.0
Dibenzc {a,h) Anthracene ND ND ND 1.0
Benzc (g,h,i) Perylene ND ND ND 1.0
Surrogate Compounds Recovery (%) AMOUNT

SPIKED

(ug/1)
2-Flucrophenol 37. 46. 42, 50.
D6=Phenol 26. 32. 26. 50.
D5-Nitrobenzene 48. 73. 72. 25,
2-Fluorobiphenyl 46, 74, 78. 25.
2,4,6-Tribromophencol 45, g2. 80. 50.
D24-Terphenyl 91, 100, 8s5. 25,

ND = Not Detected.
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CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 1l2/16/88
DATE REPQORTED: 12/31/88

REPORT TO: Gecrge Last PROJECT: Fort Lewis

GC/MS SEMIVOLATILES BY EPA METHOD €25

Laboratory Sample Nos. 825627 B25628 825629 DETECTION
Dup. LIMIT
Client Identification LF1-PNL-1 LFl1-PNL-5 Ft. Lewis {ug/1l)
LF-4

Aniline KD ND ND 1.0
2-Chleorophenol ND ND ND 1.0
Bis (2~-Chloroethyl) Ether ND ND ND 1.0
Phencl ND ND ND 1.0
1, 3=-Dichlorcbenzene ND ND ND 1.0
l,4~Dichlorobenzene ND ND KD 1.0
1l,2=Dichlorobenzene ND ND KD 1.0
Benzyl Alcohol ND ND ND 1.0
Bis (2=-Chloroisopropyl) Ether ND ND ND 1.0
2-Methylphencl ND ND ND 1.0
Hexachloroethane ND ND ND 1.0
N-Nitresedipropylamine KD KD ND 1.0
Nitrobenzene ND ND KD 1.0
4-Methylphenocl ND ND ND 1.0
Isophercne ND ND ND 1.0
2-Nitrophenol ND ND ND 1.0
2,4=-Dimethylphenol ND ND ND 1.0
Bis (2=-chlorcethoxy) Methane ND ND KD 1.0
2,4-Dichlorecphencl ND ND ND 1.0
1,2,4-Trichlerobenzene ND ND KD 1.0
Naphthalene ND ND KD 1,0
Benzoic Acid ND ND ND 5.0
4-Chlorcaniline ND ND ND 1.0
Hexachlorobutadiene ND ND ND 1.0
2=Methylnaphthalene KD KD ND 1.0
4-Chloro-3~Methylphenol ND ND ND 1.0
Hexachlorocyclopentadiene ND ND ND 2.0
2,4,6=Trichlorophenol ND ND ND 2.0
2,4,5=-Trichlorophenol ND ND ND 2.0

ND = Not Detected.
All values are reported in ug/l.
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CLIENT: Battelle Northwest lLaboratories

REPORT TO: George Last

--

DATE RECEIVED:
DATE REPORTED:
PROJECT:

GC/MS S5EMIVOLATILES BY EPA METHOD 625

12/16/88
12/31/88

Fort Lewis

Laboratory Sample Nos. 825627 B25€628 H2562%9 DETECTION
Dup. LIMIT
Client Identification LF1~PNL-1 LF1~PNL~5 Ft. Lewis (ug/1l)
LP-4

2-Chloronaphthalene ND ND ND 1.0
2=-Nitroaniline ND ND ND 1.0
Acenaphthylene ND ND ND 1.0
Dimethyl Phthalate ND ND ND l.0
2,6=-Dinitrotoluene ND ND ND 2.0
Acenaphthene ND ND ND 1.0
l-Nitroaniline ND ND ND 2.0
2,4-Dinitrophenol ND ND ND 5.0
Dibenzofuran ND ND ND 1.0
2,4=Dinitrotoluene ND ND ND 2.0
4-Nitrophencl ND ND ND 4.0
Fluorene ND ND ND 1.0
4a~Chlorophenyl Phenyl Ether ND ND ND 1.0
Diethyl Phthalate ND ND ND 1.0
4-Nitroaniline ND ND ND 3.0
2-Methyl~-4,6=-Dinitrophencl ND ND ND 5.0
N-Nitrosodiphenylamine ND ND ND 1.0
Azobenzene ND ND ND 1.0
4-Bromophenyl Phenyl Ether ND ND ND 2.0
Hexachlorobenzenhe ND HD ND 2.0
Pentachlorophenol ND HD ND 5.0
Phenanthrene ND ND HD 1.0
Anthracene ND WD HD 1.0
Di-N-Butyl Phthalate ND ND ND l.0
Flucranthene HD ND ND 1.0
Pyrene ND ND ND 1.0
Benzidine ND ND ND 3.0
Benzy Butyl Phthalate ND ND ND 1.0
Benzo (a) Anthracene ND ND ND 1.0

ND = NHot Detected.

All values are reported in ug/l.
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CLIENT:

REPORT TO: George Last

Battelle Northwest Laboratories

-T=

DATE RECEIVED:
DATE REPORTED:
PROJECT:

GC/MS SEMIVOLATILES BY EPA METHOD 625

12/16/88
12/31/88

Fort Lewis

Laboratory Sample Nos. 825627 825628 825629
Dup.
Client IGentification LFl-PNL-1 LF1-PNL~-5 Ft. Lewis
LF-4

Compounds —_ Concentration {ug/l1} = DETECTION

LIMIT

(ug/1}
Chrysene ND ND ND l.0
1,3-Dichlorobenzidine ND ND ND 3.0
Bis (2-Ethylhexyl) Phthalate ND ND ND 1.0
Di=-N=-octyl Phthalate ND ND ND 1.0
Benzo (b) Fluoranthene ND ND ND 1.0
Benzo (k) Flucranthene ND ND ND 1.0
Benzo {a) Pyrene ND ND ND 1.0
Indeno (1,2,3-¢d) Pyrene ND ND ND 1.0
Dibenzo {a,h) Anthracene KD ND ND l.0
Benzo (g,h,i) Perylene ND ND ND l.0
Surrogate Compounds Recovery (%) _ AMOUNT

SPIKED

(ug/1)
2-Fluorophenol 46. 45. ig. 50.
D6-Phenol 31. 30. 25, 50.
D5-Nitrobenzene BO. 76. 73. 25,
2~Fluorobiphenyl 77. 78. 80. 25,
2,4,6-Tribromophencl B4. 79. 88. 50.
D24-Terphenyl 92. 100. 95, 25,

ND = Not Detected.
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CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 12/16/88
DATE REPORTED: 12/31/88

REPORT TO: George Last _ PROJECT: Fort Lewis

GC/MS SEMIVOLATILES BY EPA METHOD 625

Laboratory Sample Nos. 825630 825631 825632 DETECTION
LIMIT
Client Identification LF1-PNL-6 Ft. Lewis Ft. Lewils {ug/1l)
LF=-2 Well #2

Aniline ND ND ND 1.0
2=Chlorophencl ND ND ND 1.0
Bis (2-Chlorocethyl) Ether ND ND ND l.0
Phenol ND ND ND l.0
l,3-Dichlorobenzene ND ND ND 1.0
1l,4-Dichlorobenzene ND ND ND l.0
1l,2-Dichleorcbenzene ND ND ND 1.0
Benzyl Alcohol ND ND ND 1.0
Bis (2=-Chloroisopropyl) Ether ND ND ND 1.0
2-Methylphenol ND ND ND 1.0
Hexachleroethans ND ND HD l.0
N-Nitrosoc@iprepylamine ND ND ND 1.0
Nitrcbenzene ND ND ND 1.0
4-Methylphenol ND ND ND 1.0
Isopherone ND ND ND 1.0
2~Nitrophencl ND ND ND 1.0
2,4-Dimethylphencl ND ND ND 1.0
Bis {(2-chloroethoxy) Methane ND ND ND 1.0
2,4~Dichlerophencl ND ND ND 1.0
1,2,4-Trichlorocbenzense ND ND ND 1.0
Naphthalene ND ND ND l.0
Benzoic Aciad ND ND ND 5.0
4-Chloroaniline ND ND ND 1.0
Hexachlorobutadiene ND ND ND 1.0
2-Methylnaphthalene ND ND ND 1.0
4=Chloro~-3i-Methylphenol ND ND ND 1.0
Hexachlorocyclopentadiene ND ND ND 2.0
2,4,6=Trichlorophenol ND ND ND 2.0
2,4,5-Trichlorophenol ND ND ND 2.0

ND = Not Detected.
All values are reported in ug/l.
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CLIENT: Battelle Nerthwest Laboratorlies DATE RECEIVED: 12/16/88
DATE REPORTED: 12/31/88
REPORT TO: George Last PROJECT: Fort Lewis

GC/MS SEMIVOLATILES BY EPA METHOD 625

Laboratory Sample Nes. 825630 825631 825632 DETECTION
LIMIT
Client Identification LF1-PNL-6 Ft. Lewis Ft. Lewis {ug/1)
LF-2 Well 42

2-Chlerconaphthalene ND KD ND 1.0
2-Nitroaniline KD KD ND 1.0
Acenaphthylene ND ND KD 1.0
Dimethyl Phthalate KD ND ND 1.0
2,6-Dinitrotoluene ND ND ND 2.0
Acenaphthene ND ND ND 1.0
3-Nitroaniline ND ND ND 2.0
2,4-Dinitrophenol ND KD ND 5.0
Dibenzofuran ND KD ND l.0
2,4-Dinitrotoluene KD XD ND 2.0
4~Nitrophenol ND ND ND 4.0
Fluorene ND ND ND 1.0
4-Chlorophenyl Phenyl Ether ND ND ND 1.0
Diethyl Phthalata ND ND ND 1.0
4=-Nitreaniline ND KD ND 3.0
2-Methyl-4,6-Dinitreophencl ND ND ND 5.0
N-Nitrosodiphenylamine KD KD ND 1.0
Azobenzene ND ND KD 1.0
4-Bromophenyl Phenyl Ether ND ND ND 2.0
Hexachlorobhenzene KD KD ND 2.0
Pentachlorophenocl ND ND ND 5.0
Phenanthrene ND ND ND 1.0
Anthracene ND ND ND 1.0
Di-N-Butyl Phthalate ND ND ND 1.0
Fluoranthene ND ND ND 1.0
Pyrene ND ND ND 1.0
Benzidine KD ND ND 3.0
Benzy Butyl Phthalate ND ND ND 1.0
Benzo (&) Anthracene ND ND ND 1.0

ND = Not Detected.
All values are reported in ug/l.
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CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 12/16/88
DATE REPORTED: 12/31/88

REPORT TO: George Last PRCJECT: Fort Lewis

GC/MS SEMIVOLATILES BY EPA METHOD 625

Laboratory Sample Nos. B25630 B25631 B25632
Client Identification LF1-PNL-€ Ft. Lewis Ft. Lewis
LF=-2 Well #2
Compounds Concentration f(ug/l) DETECTION
LIMIT
{ug/1)}
Chrysene ND ND ND 1.0
3,3~-Dichlorobenzidine ND ND ND 3.0
Bis (2=-Ethylhexyl) Phthalate ND ND ND l.0
Di-N=-Octyl Phthalate ND ND ND 1.0
Benzo (b} Fluoranthene ND ND ND 1.0
Benzo (k) Fluoranthene ND ND ND 1.0
Benzo {(a} Fyrene ND ND ND 1.0
Indeno (1l,2,3~-cd) Pyrene ND ND ND 1.0
Dibenzo (a,h) Anthracene ND ND ND 1.0
Benzo (g,h,i) Perylene ND ND ND l.0
Surrogate Compounds Recovery (%} AMOUNT
SPIKED
(ug/1)
2~Fluorophenol . 45, 45, 34. 50.
D6-Phenol 33. 29, 22. 50.
D5-Nitrobenzene 80. al, 76, 25.
2-Fluorobiphenyl 82. 83. go. 25,
2,4,6=Tribromophenol 70. 84. 77. 50.
D24~Terphenyl 96. 100. 114. 25.

ND = Not Detected.

K.54
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CLIENT: Battelle Northwest Laboratories

REPORT TC: George Last

DATE RECEIVED:
DATE REPCRTED:

PROJECT:

GC/M5 SEMIVOLATILES BY EPA METHOD 625

12/16/88
12/31/88

Fort Lewis

Laboratery Sample Nos, 825633 825634 825635 DETECTICN
LIMIT
Client Identification LF4-PNL-3 Seqg.* Ft. Lewis (ug/1)
Lake LF-3

Aniline ND ND ND 1.0
2=Chlorophenol ND ND ND l.0
Bis (2-Chlcroethyl) Ether ND ND KD 1.0
Phenel ND ND ND 1.0
1,3-Dichlorobenzene ND ND ND 1.0
1,4-Dichlorcbenzene ND ND ND 1.0
l,2-Dichlorcbenzene ND ND ND 1.0
Benzyl Alcchol ND ND ND l.0
Bis {2-Chlorociscpropyl) Ether KD KD ND 1.0
2=-Mathylphenol KD ND ND l.0
Hexachloroethane ND ND ND 1.0
N-Nitrcsodipropylarine ND ND ND 1.0
Nitrobenzene ND ND ND 1.0
4-Methylphencl ND ND ND 1.0
Iscpherone ND ND ND 1.0
2-Nitrophenol ND ND ND 1.0
2,4-Dimethylphenol ND ND ND 1.0
Bis {2=-chlorecethoxy} Methane KD KD ND 1.0
2,4-Dichlerophencl ND ND ND 1.0
1,2,4-Trichleorocbenzene ND ND ND 1.0
Naphthalene ND ND ND l.0
Benzocic Acid ND ND ND 5.0
4=-Chlorcaniline KD KD ND l.0
Hexachlercobutadiene ND ND ND 1.0
2-Methylnaphthalene ND ND ND 1.0
4=Chloro-3-Methylphenol ND ND ND 1.0
Hexachleorocycleopentadiene ND ND ND 2.0
2,4,68-Trichlorophenol ND ND ND 2.0
2,4,5-Trichlorophenocl ND ND ND 2.0

ND = Not Detected.

All values are reported in ug/l.

*Jeqg. = Sequalitchew

K.55
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CLIENT: Battelle Northwest Laboratories

REPORT TO: George Last

DATE RECEIVED:
DATE REPORTED:

PROJECT:

GC/MS SEMIVOIATILES BY EPA METHOD 625

12/16/88
12/31/88

Fort Lewis

Laboratory Sample Nos. 8256133 825634 825635 DETECTION
LIMIT
Client Identification LF4-PNL-3 Seg.* Ft. Lewis (ug/1)
Lake LF=-2

2-Chlorcnaphthalens ND ND ND 1.0
2-Nitroaniline ND ND ND 1.0
Acenaphthylene ND ND ND 1.0
Dimethyl Phthalate ND ND ND 1.0
2,6~Dinitrotoluene ND ND ND 2.0
Acenaphthene RD RD ND 1.0
3-Nitrecaniline ND ND ND 2.0
2,4-Dinitrophenol ND ND ND 5.0
Dibenzefuran ND ND ND 1.0
2,4-Dinitrotoluene ND ND ND 2.0
4~Nitrophenecl ND ND ND 4.0
Fluorene RD HD ND 1.0
4-Chlorophenyl Phenyl Ether ND ND ND 1.0
Diethyl Phthalate ND ND ND 1.0
4=-Nitrecaniline ND ND ND 3.0
2=-Methyl=-4,6=-Dinitrophenol ND ND ND 5.0
N-Nitroscodiphenylamine ND ND ND 1.0
Azobenzene ND ND ND 1.0
4«Bromophenyl Phenyl Ether ND ND ND 2.0
Hexachlorobenzene ND ND ND 2.0
Pentachlorecphencl ND ND ND 5.0
Phenanthrene ND ND ND 1.0
Anthracene HD ND ND 1.0
Di-N=-Butyl Phthalate ND ND ND 1.0
Flucranthene ND ND ND 1.0
Pyrene ND ND ND 1.0
Benzidine ND ND ND 3.0
Benzy Butyl Phthalate KD ND ND 1.0
Benzo (a) Anthracene ND ND ND 1.0

ND = Not Detected.

All values are repocrted in ug/l.

*Seg., = Sequalitchew
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CLIENT: Battelle Northwest Laboratories

REPORT TO: George Last

DATE RECEIVED:
DATE REPORTED:

PROJECT:

GC/MS SEMIVOLATILES BY EPA METHOD 625

12/16/88
12/31/88

Fort Lewis

Laboratory Sample Nos. 825633 B25634 825635
Client Identification LF4{~PNL-3 Seq.* Ft. Lewis
Lake LF-3
Compounds Concentration (vg/1) DETECTION
LIMIT
(ug/1)
Chrysene ND ND ND 1.0
3,3-Dichlorobenzidine KD ND ND 3.0
Bis (2~Ethylhexyl} Phthalate ND ND ND 1.0
Di-N-Octyl Phthalate ND ND ND 1.0
Benze (b) Fluoranthene ND ND ND 1.0
Benzo (k) Flucranthene ND ND ND 1.0
Benzo {a} Pyrene ND ND ND 1.0
Indenoc {l1,2,3=cd} Pyrene HD ND ND 1.0
Dibenzo (a,h) Anthracene ND ND ND 1.0
Benzo (g,h,1i) Perylene ND ND ND 1.0
Surrogate Compounds Recovery (%) AMOUNT
SPIKED
(ug/1)
2-Fluorophenol 51. 42. 25. 50.
D&-Phenol 4. 30. 19 50.
D5-Nitrobenzene 78. 79. 54, 25.
2-Fluorcbiphenyl 79. g0. 59. 25.
2,4,6-Tribromophensl 50. so. 60. 50.
D24-Terphenyl 115. 98, 83, 25,

*Seqg. = Sequalitchew
ND = Net Detected.

K.57



Al

_14_
CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 12/16/88
DATE REPORTED: 12/31/88
REPCRT TO: George Last PROJECT: Fort Lewis

GC/MS SEMIVOLATILES BY EPA METHOD 625

Laboratory Sample Nos. B25637% B25636 825637 DETECTION
Dup. LIMIT
Client Identification LF1-pPNL-2 LF1-PNL-2 Ft. Lewis (ug/1)
LF-1

Aniline ND ND ND 1.0
2=Chlerephenol ND ND ND l.0
Bis (2=-Chloroethyl) Ether ND ND ND 1.0
FPhencl ND ND ND 1.0
1,3-Dichlorobenzene ND ND MND 1.0
l,4-Dichlorobenzene ND ND ND 1.0
l,2=Dichlorobenzene ND ND ND 1.0
Benzyl Alcohol ND ND ND 1.0
Bis {2~Chleoroisopropyl) Ether ND ND ND l.0
2-Methylphenol ND ND ND 1.0
Hexachloroethane ND ND ND 1.0
N-Nitrosodipropylamine ND ND ND 1.0
Nitrobenzene ND ND ND 1.0
4-Methylphenol ND ND ND 1.0
Isopherone ND ND ND 1.0
2=Nitrophenol ND ND ND 1.0
2,4=-Dimethylphensol ND ND ND 1.0
Bis (2~chloroethoxy) Methane ND ND ND 1.0
2,4-Dichlorophenol ND ND ND 1.0
l1,2,4=Trichlorobenzene ND ND ND 1.0
Naphthalene ND ND ND 1.0
Benzoiec Acid ND ND ND 5.0
4=-Chloroaniline ND ND ND 1.0
Hexachlorobutadiene ND ND ND l.¢
2-Methylnaphthalene ND ND ND 1.0
4-Chloro-3-Methylphencl ND ND ND 1.0
Hexachlorocyclopentadiene ND ND ND 2.0
2,4,6=Trichlorophenol ND ND ND 2.0
2,4,5=-Trichlorophensl ND ND ND 2.0

ND = Not Detected.
All values are reported in ug/l.
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CLIENT: DBattelle Northwest Laboratories

REPORT TO:; George Last

DATE RECEIVED:
DATE REPORTED:
PROJECT:

GC/MS SEMIVOLATILES BY EPA METHOD 625

12/16/88
12/31/88

Fort Lewis

Laboratory Sample Nos. 825616 825616 825637 DETECTION
Dup. LIMIT
Client Identification LF1-PNL-2 LF1-PNL-2 Ft. Lewis (ug/1)
LF-1

2-Chloronaphthalene ND ND ND 1.0
2=Nitrocaniline ND ND ND 1.0
Acenaphthylene ND ND ND 1.0
Dimethyl Phthalate ND ND ND l.0
2,6-Dinitrotoluene ND ND ND 2.0
Acenaphthene ND ND ND l.0
3-Nitroaniline ND ND ND 2.0
2,4-Dinitrophenol ND ND ND 5.0
Dibenzofuran ND ND ND 1.0
2,4-Dinitrotoluene ND ND ND 2.0
4-Nitrophenol ND ND ND 4.0
Fluorene ND ND KD 1.0
4~Chlorephenyl Phenyl Ether ND ND ND 1.0
Diethyl Phthalate ND HD ND 1.0
4~Nitroaniline ND ND ND 3.0
2-Methyl-4,6-Dinltrophenocl ND ND ND 5.0
N-Nitrosodiphenylamine ND ND ND 1.0
Adzobhenzene ND ND ND l.0
4-Bromophenyl Phenyl Ether ND ND ND 2.0
Hexachlorobenzene ND ND ND 2.0
FPentachlorophencl ND ND ND 5.0
Phenanthrene ND ND ND 1.0
Anthracene ND ND ND 1.0
Di-N-Butyl Phthalate ND ND ND 1.0
Flueranthene ND ND ND 1.0
Pyrene ND ND ND 1.0
Benzidine ND ND ND 1.0
Benzy Butyl Phthalate ND ND ND 1.0
Benzo {a) Anthracene ND ND ND 1.0

ND = Not Detected.
All values are reported

in ug/1.
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CLIENT: Battelle Northwest Laboratories

REPORT TO: George Last

DATE RECEIVED:
DATE REPORTED:
PROJECT:

GC/M5 SEMIVOLATILES BY EPA METHOD 625

12/16/88
12/31/88

Fort Lewis

ND = Not Detected.

K.60

_Laboratory Sample Nos. 825636 825636 825637
Dup.
Client Identification LF1-PNL-2 LF1-PNL-2 Ft. Lewis
LF-1

Cempounds Concentration {ug/l} DETECTION

LIMIT

(ug/1)
Chrysene ND ND ND 1.0
3,3-Dichlorobenzidine ND ND ND 3.0
Bis (2=Ethylhexyl) Phthalate KD KD 2.7 1.0
Di-N-0Octyl Phthalate ND ND ND 1.0
Benzo (b) Fluoranthene ND ND HD 1.0
Benzo (K) Fluecranthene ND KD ND 1.0
Benzo (a) Pyrene ND ND ND 1,0
Indenc (1,2,3-cd) Pyrene ND ND ND 1.0
Dibenze (a,h) Anthracene ND ND KD 1.0
Benzo (g,h,1) Perylene ND KD KD 1.0
Surrcgate Compounds Recovery (%) AMOUNT

SPIKED

(ug/1)
2-Fluorophencl 51, 47. 40. 50.
D6é=-Fhenol 35. 3o. 27. 50.
D5-Nitrobenzene 77, 76. 66. 25.
2-Fluorcbiphenyl 76. 78. 68. 25.
2,4,6=-Tribromocphenol 95. g9. 87. 50,
D24~Terphenyl 109, 102, 99, 25.
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CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 12/16/88
DATE REPORTED: 12/31/88

REPORT TO: George Last - PROJECT: Fort Lewis

GC/MS SEMIVOLATILES BY EPA METHOD 625

Laboratory Sample Nos. B25638 825639 DETECTICN
LIMIT

Client Identification LF1-PNL-3 LF1-PNL=-4 (wg/1)
Aniline ND ND 1.0
2-Chlorophenol ND ND 1.0
Bis (2=Chlorcethyl) Ether KD KD 1.0
Phenol ND ND l.0
1,3-Dichleorobenzene ND ND 1.0
1,4~Dichlorobenzene ND ND 1.0
l,2-Dichlorobenzene ND ND 1.0
Benzyl Alcohol ND ND 1.0
Bis (2-Chlorocisocpropyl) Ether ND ND 1.0
2-Methylphenol KD ND 1.0
Hexachloroethane KD ND 1.0
N-Nitrosodipropylamine ND ND 1.0
Nitrobenzene ND ND 1.0
4~Methylphenol KD ND 1.0
Isopherone ND ND 1.0
2-Nitrophenol ND ND 1.0
2,4-Dimethylphencol ND ND 1.0
Bis (2=-chleorocethoxy) Methane ND ND 1.0
2,4-Dichlorophenol ND ND 1.0
1,2,4~Trichlorobenzene ND ND 1.0
Naphthalene WD ND 1.0
Benzolc Acid ND KD 5.0
4=-Chleorocaniline ND ND 1.0
Hexachlorobutadiene ND ND 1.0
2-Methylnaphthalene ND ND 1.0
4-Chloro-3-Methylphenol ND ND 1.0
Hexachlorocyclopentadiene ND WD 2.0
2,4,6-Trichlorophencl KD ND 2.0
2,4,5~-Trichlorophenol ND KD 2.0

HD = Not Detected.
All values are reported in ug/l.
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CLIENT: Battelle Northwest Laboratories DATE RECEIVED: 12/16/88
DATE REPORTED: 12/31/88 .
REPORT TO: George Last PROJECT: Fort Lewis

GC/M5 SEMIVOLATILES BY EPA METHOD 625

Laboratory Sample Nos. 825638 825639 DETECTION
LIMIT
Client Identification LF1-PNL-3 LF1-PNL-4 (ug/1)
2~Chloronaphthalene ND ND 1.0
2-Nitroaniline ND ND 1.0
Acenaphthylene ND ND 1.0
Dimethyl Phthalate ND ND 1,0
2,6~Dinitrotoluene ND ND 2.0
Acenaphthene ND ND 1.0
3-Nitroaniline ND ND 2.0
2,4~Dinitrophencl ND ND 5.0
Dibenzofuran ND ND 1.0
2,4-Dinitrotoluene ND ND 2.0
¢«Nitrophenol ND ND 4.0
Fluorene ND ND 1.0
4~Chlorophenyl Phenyl Ether ND ND 1.0
Diethyl Phthalate ND ND 1.0
4~Nitroaniline ND ND 3.0
2-Methyl-4,6-Dinitrophencl ND ND 5.0
N-Nitrecsodiphenylamine ND ND 1.0
Azohenzene ND ND 1.0
4=~Bromophenyl Phenyl Ether ND ND 2.0
Hexachlorobenzene ND ND 2.0
Pentachlcrophenol ND ND 5,0
Fhenanthrene ND ND 1.0
Anthracene ND ND 1.0
Di-N-Butyl Phthalate ND ND 1.0
Flucranthene ND ND 1.0
Pyrene ND ND 1.0
Benzidine ND ND 3.0
Benzy Butyl Phthalate ND ND l.0
Benzo (a) Anthracene ND ND 1.0
ND = Nct Detected. .

21l values are reported in ug/l.

K.62
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CLIENT: Battelle Northwest Laboratories

REPORT TO: George Last

-‘19_

GC/MS SEMIVOLATILES BY EPA METHOD 625

Laboratory Sample Nos.

Client Identification

825638 B25619

LF1-PNL~1 LF1-PNL-4

DATE RECEIVED:
DATE REPORTED:
PROJECT:

12/16/88
12/31/88

Fort Lewis

Compounds Concentration (ug/l) DETECTION
LIMIT
(ug/1)
Chrysene KD KD 1.0
3,3=-Dichlorobenzidine ND ND 3.0
Bis (2=Ethylhexyl) Phthalate 2.3 ND 1.0
Di-N-Dctyl Phthalate ND ND 1.0
Benze (b) Fluoranthene ND ND 1.0
Benzo {k) Fluoranthene ND ND 1.0
Benzo (a) Pyrene KD ND 1.0
Indeno (1,2,3-cd) Pyrene ND ND 1.0
Dibenzo (a,h) Anthracene ND ND 1.0
Benzo (g,h,i) Perylene ND ND 1.0
Surrogate Compounds Recovery (%) AMOUNT
SPIKED
{ug/1)
2-Fluorophenel 47. 7. 5o0.
D6~Phenol 3. 25, 50.
DE-Nitrobenzene 70. &0, 25,
2-Fluorobiphenyl 73. 6l. 25.
2,4,6-Tribromophenol 85, 75. 50.
D24-Terphenyl 96. B7. 25,

KD = Not Detected.

K.63
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CLIENT: Battelle Northwest Laboratories "DATE RECEIVED: 12/16/88
DATE REPORTED: 12/31/8B
REPORT TO: George Last _ PROJECT: Fort Lewis
SPIKE DATA
Laboratory Sample No. 825635 Matrix Spike
Client Identification Ft. Lewis LF-3
Matrix Spike Compounds Recovery Amount Amount
(%} Residue Expected
{ug/1) (ug/1)
2=Chlercphenol 54, 27.2 50.
Phenol 24, 11.9 50.
1,4-Dichlorobenzene 45. 11.2 25,
N-Nitresodipropylamine 61, 15.3 25.
1,2,4=-Trichlorobenzene 46, 1i1.5 25,
é-Chlore-3-Methylphenol 57, 28.5 50.
Acenaphthene 66. 16.6 25,
2,4-Dinitrotoluene 47, 11.8 25,
¢-Nitrophenol 25. 12.4 50.
Pentachlercphencl 64. 32.2 50.
Di-N-Butylphthalate 57. 14.3 25.
Pyrene 76. 18.9 25,
Surrogate Compounds Recovery Amount Amount
(%) Spiked Found
{ug/1)} (ug/1)
2-Flucrophenol 35, 50. 17.3
Dé-Phencl 25. 50, . 12.3
DS=Nitrobenzene 62. 25. , 15.5
.2-Fluorobiphenyl 62, 25. 15.6
2,4,6-Tribromophenol 71. 50. 35.4
Dl4-Terphenyl 75. 25. 18.8
ND = Nct Detected. _
o
— /.f” e
REPORTED BY A
JAH/pb John A. Hicks
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