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LIST OF ACRONYMS AND ABBREVIATIONS (continued)

GC Gas Chromatograph
gpm gallons per minute
GPS global positioning system

H2  molecular hydrogen
HEAST Health Effects Assessment Summary Tables
HHBRA Human Health Baseline Risk Assessment
HSA hollow-stem auger

I hydraulic gradient
in inches
in/yr inches per year
IRIS Integrated Risk Information System

estimated (chemical analysis)

K hydraulic conductivity
KH Henry's Law constant
KDHE Kansas Department of Health and Environment
KDWP Kansas Department of Wildlife and Parks
kg kilogram
KSWQC Kansas Surface Water Quality Criteria
Kow octanol-water partition coefficient

Law Law Environmental, Inc.
LBA Louis Berger & Associates
LLNL Lawrence Livermore National Laboratory
LOAELs Lowest Observed Adverse Effect Levels

m3/hr cubic meters per hour (of air)
MAAF Marshall Army Airfield
MCL Maximum Contaminant Level
MF modifying factors
mg/cm 2  milligrams per square centimeter
mg/day milligrams per day
mg/kg milligrams per kilogram
mg/kg/day milligrams of chemical per kilogram body weight per day
mg/L milligrams/Liter
mg/m milligrams per cubic meter
ml/min milliliters per minute
msl mean sea level
MS/MSD Matrix Spike/Matrix Spike Duplicate
mV millivolts
pg/kg micrograms per kilogram
Pg/L micrograms per Liter

ne effective porosity range
NA natural attenuation
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LIST OF ACRONYMS AND ABBREVIATIONS (continued)

NAWQC National Ambient Water Quality Criteria
NCI National Cancer Institute
NCP National Contingency Plan
NO2  nitrite
NOAELs No Observed Adverse Effect Levels
NPL National Priority List
NRWQC National Recommended Water Quality Criteria
NWI National Wetlands Inventory

ORNL Oak Ridge National Laboratory
ORP oxidation reduction potential
OU Operable Unit

PA/SI Preliminary Assessment/Site Investigation
PCE tetrachloroethylene
PEF particle emission factor
PID photoionization detector
ppm part per million
PSAI Potential Source Area Investigation
PVC polyvinyl chloride

QA quality assurance
QAPP Quality Assurance Project Plan
QCSR Quality Control Summary Report
QCTM Quality Control Technical Memorandum

RAGS Risk Assessment Guidance for Superfund
RfC Reference Concentration
RfD Reference Dose
RI Remedial Investigation
RIAMER Remedial Investigation Addendum Monitoring Expansion Report, Dry Cleaning

Facilities Study Area, Fort Riley, Kansas
RI Report Remedial Investigation Report, Dry Cleaning Facilities Area, Fort Riley, Kansas
RME reasonable maximum exposure
RSK Risk-Based Standards for Kansas, RSK Manual - 3 rd Version

SAP Site-Wide Sampling and Analysis Plan
FSP Site-Wide Field Sampling Plan
QAPP Site-Wide Quality Assurance Project Plan
SSHP Site Safety and Health Plan
STSC Superfund Technical Support Center
SVE soil vapor extraction
SVOC semivolatile organic compounds

TA2 Training Area 2
TCE trichloroethylene
TDS total dissolved solids

TOC.doc TOC-15 03123/04



Working Draft

Table of Contents RI Report Addendum - DCFA

LIST OF ACRONYMS AND ABBREVIATIONS (continued)

TEAPs terminal electron-accepting processes
TOC total organic carbon
TPH total petroleum hydrocarbon
trans-i,2-DCE trans- 1,2-Dichloroethene
TSS total suspended solids

UCL upper confidence limit
UFs uncertainty factors
UPRR Union Pacific Railroad
USACE U.S. Army Corps of Engineers
USAEHA U.S. Army Environmental Hygiene Agency
USATHAMA U.S. Army Toxic and Hazardous Materials Agency
USCS Unified Soil Classification System
USEPA U.S. Environmental Protection Agency
USGS U.S. Geological Survey
UST underground storage tank

V, seepage velocity
VC vinyl chloride
VF volatilization factors
VOCs volatile organic compounds

Work Plan Remedial Investigation/Feasibility Study Addendum Work Plan for the Dry Cleaning
Facilities Area (Operable Unit 003) at Fort Riley, Kansas

Work Plan Addendum Work Plan Addendum for the Dry Cleaning Facilities Study Area at Fort Riley,
Kansas
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PROJECT tcf / INSPECTOR i ' 1 '6 OF SHEETS

FIELD SCREENING tLE ANALYTICAL 46@W

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS Q D10. SAMPLE NO. @OWM REMARKS

a b c d f h

q'j../ 4-4 a

sift #1 d 4 Ot)A,.~ ____

0~, e

IffP

05101PROJECT HOLE NO.
Form MRK-55-2 [~ A449



iHOLE NO.

HTW DRILLING LOG H NO

1. COMPANY NAME 2. DRILLING SUBCONTRACTOR SHEE 1
SOF )SHEETS

3. PROJECT 4. LOCATION SE

5. NAME OF DRILLER ( v M, 14en 6. MANUFACTURER'S DESIGNATI OF DRILL

7. SIZES AND TYPES OF DRILLING .- (8.iLE TION

AND SAMPLING EQUIPMETBI~O . J E - 0&-)7- 7Z&
9. SURFACE ELEVATION 3 ; "

10. DATE STARTED 7'Z, 1 11. DATE COMPLETED_.%

12. OVERBURDEN THICKNESS lq . 15. DEPTH GOUNDWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK (7 5 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED

14. DEPTH OF HOLE / 3 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

18. GEOTECHNICAL SAMPLES I ,X DISTUTRED UNDISTB D 19. TOTAL NUMBER OF CORE BOXES

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

_ _ 'v wA , r%

22. DISPOSITION OF HOLE BACKFILLED • MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING -Q.fflltT9=FE ANALYTICAL BcW'

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS ftMEBXN. SAMPLE NO. CMTS REMARKS

a b c d t h

C4?Dy a4 0 .3

wao"yl dry.

3,

-3.9?
/lost

051601 PROJECT 
H NO .

Form MRK -55 cHOEN



HTW DRILLING LOG HOLE NO
PROJECTAc INSPECTOR A / SHEET

CIP14~ ((O L\ OF 3X-HEETS
FIELD SCREENING WA;;G"^.PLi ANALYTICAL -

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS ORee6 e. SAMPLE NO. ; REMARKS

a b C d f h

5*Vh 7  
,,Pil-fl

'7'

f33

400

l ] PROJECT HOLE NO.

051601

Form MRK-55-2



HTW DRILLING LOG HOLENft"
PROJECT INSPECTOR SHEET/3

PP__A ft [f OF SHEETS

FIELD SCREENING Q -TFCRAMPL ANALYTICAL 46@W

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS 0 SAMPLE NO. &@f REMARKS

I - -- -T 0egsv

4; /'> 45((

[---]o60 PROJECT HOLE NO.

Form MRK-55-2 224:,
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HTW DRILLING LOG HOLE NO.

1. COMPANY NAME , 2 RILLING SUBCONTRACTOR SHE ET 1

j2/~.()OF SHEETS

3. PROJECT * LOCATION

5. NAME OF DRILLER 6. MANUFACTURER'S DESIGNATION OF DRILL

7. SIZES AND TYPES OF DRILLING , " &- .r v'" 8. HOLE LDCTIO . ,,

AND SAMPLING EOUIPMENT ae3 -, Vo 6L.t 54 N , L f32-(,oZ. IL-O
9. SURFACE ELEVATION , -71

10. DATE STARTED 11. DATE COMPLETED

12. OVERBURDEN THICKNESS 15. DEPTH GOUNDWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED

14. DEPTH OF HOLE 3 )r) 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

18. GEOTECHNICAL SAMPLES/., DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING @iOeG44AMPbE ANALYTICAL

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS OO. SAMPLE NO. T REMARKS

a b c d -A,- f Ar, f h

051601 1/Form..,IR, - .

, ,,i ,, ,.,,. / /

(F
1' ~/

A~fL~*
i( Jr

SForm MRK -55



HTW DRILLING LOG HOLENO.

PROJECT A INSPECTOR /SHEET -

L /c-\ OF !!1SHEETS

FIELD SCREENING - ANALYTICAL otly-

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS SAMPLE NO. COWS REMARKS

a b c d f leh

¢. -C, "r,{ '{/ r.' yr.-/-l.

7 5, -7

0

0561PROJECT 
HOLE NO.

Form MRK-55-2 1



HTW DRILLING LOG HOLE NO.

PROJECT - A INSPECTOR SHEET,f
1(64(OF SHEETS

FIELD SCREENING . &4A fE ANALYTICAL ,,-w"

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS -7 DX NO. SAMPLE NO. .Nl S REMARKS

a b c d J"- A.-Ah____7__ h

c~ 41

/7-

4A4p

i~i

Iv'"

C

[0560 PROJECT HOLE NO.

051601 5-2
L JForm MRK-55-2 
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HTW DRILLING LOG HOLENO

PROJECT A INSPECTOR ,~~* ) .SHEET 'I

/it OF 4 SHEETS

FIELD SCREENING G -TEe, 5,V4k-E ANALYTICAL -

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS a.B.&LaEJ k. SAMPLE NO. ,a REMARKS

a b c d ffr - h

)~J, jrL4L (4?W 71

A4 41
-, A4. s% ;,,,

- -

ILI

2'--

- 6'

-

1:1I-

051601 PROJECT 
HOLENO

~ Form MRK-55-2



HTW DRILLING LOG HOLENO.
1. COMPANY NAME / RILLING SUBCONTRACTOR SHEET 1

f, . 6 -7OF ~4SHEETS
3.PROJECT 4. LOCATION

5. NAME OF DRILLER 6. MANUFACTURER'S DESIGNATION OF DRILL

7. SIZES AND TYPES OF DRILLING 82'. r, .d'f t".-' 8 HL4CATI

AND SAMPLING EQUIPMENT 01.-OLf4 4p x"i,-Ps q.3)O o00 2= VhY-7 LO
9. SURFACE EEVATION

10. DATE STARTED 11. DATE COMPLETED ,.

12. OVERBURDEN THICKNESS ' 15. DEPTH GOUNOWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK /.716. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED /.#

14. DEPTH OF HOLE , L 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

18. GEOTECHNICAL SAMPLES . / DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES / $

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

_ _ _ _ _t__ _ 

%

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING ,E6+EAM4 . LE ANALYTICAL

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS @ete MX NO. SAMPLE NO. CzQwS REMARKS

a b c d u"{ f f h

- / ., .,, , /, , e

t6

IJ

016o 0 PROJECT HOLE NO. f



HOLE NO. -

HTW DRILLING LOG
PROJECT I) INSPECTOR SHEET V 2

OF 4 SHEETS

FIELD SCREENING ZE.TEf H C ANALYTICAL 'tUW

ELEV DEPTH DESCRIPTION OF MATERIALS RESULTS *O. SAMPLE NO. tvvlTs REMARKS

a b C d t h

C ~~4 (/tl/

7
C C7 9

Ir

0

C

U j'.7-

Form MRK-55-2



HTW DRILLING LOG HOLE NO.

PROJECT I' A NSPECTOR t, j" ,SHEET S
4 \ OF SHEETS

FIELD SCREENING Gr;-T WW44-, K ANALYTICAL %@W

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS .-Q+940E-ean. SAMPLE NO, -EebluS REMARKS

,,,c .>;.3.1/4.0

~C

\I

a~ b "

Form MRK-55-24

It

PROJECTHOLE NO.

051601
Form MRK-55-2



HTW DRILLING LOG HOLEND. .
PROJECT INSPECTOR SHEETf ~

A LiOF - SHEETS

FIELD SCREENING d64;iTei-Q A LA ANALYTICAL tL';

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS ,..,-Q0eRnO. SAMPLE NO. eetig REMARKS

a b c d fl (,tf l h

C40K-9 45 P",/0Y7- -;- - 4

r 22

St-

;. -- JT 5 -~ n-
3/ o --

SPROJECT 
HOLE NO.

Form MRK-55-2r



HTW DRILLING LOG HOLE NO.

1. COMPANYNAME ,2. DRILLING SUBCONTRACTOR SHEET 1

1.CMAYNM OF 4 SHEETS

3. PROJECT 4. LOCATION

5. NAME OF DRILLER / 6. MANUFACTURER'S DESIGNATION OF DRILL 6. .A-,-, , ,i 4 "

7. SIZES AND TYPES OF DRILLING 2 " ,i.-f T'eC.'f4 I-. 8. HOLELOCATIONAN.h

AND SAMPLING EQUIPMENT f1 t~ L4c IN4(Ig~o~ 1Q ~ -t~ -3
9. SURFACE ELEVATION

10. DATE STARTED ; / - 11. DATE COMPLETED

12. OVERBURDEN THICKNESS 15. DEPTH GOUNDWATER ENCOUNTERED 2 f /

13. DEPTH DRILLED INTO ROCK ! 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED

14. DEPTH OF HOLE 3 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

18. GEOTECHNICAL SAMPLES / ,4 DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

/4 /v4 IvA /A,4 ," %

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING . ANALYTICAL ,. "-

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS OaR. g@;( 00. SAMPLE NO. fe t REMARKS

a b C d in, If h

060

?- f -

Form MRK -55



HTW DRILLING LOG HOLE NO.-,.,

PROJECT INSPECTOR(/ , f SHEET
OF 4 SHEETS

FIELD SCREENING O-.T"C. ' CAtrL- ANALYTICAL

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS .NO SAMPLE NO. " T REMARKS

a b c d ll ef 11Y

7-

- 0

- .0

roe t e'& A/

?-e

9.-.- 111 jig l AV"°
051601 PROJECT HOLE NO
Farm MRK-55-2 
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HTW DRILLING LOG HOLE NO. f

PROJECT I) '-, INSPECTOR, ' " SHEEP ET-
Al , OF S HEETS

FIELD SCREENING , ANALYTICAL ILuw"

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS ;N SAMPLE ND. e&4" REMARKS

a b c d t/cf togh

C

C,
',, tr y,4- ja ![,.

(7-

AT

[M J POJECT ;,.F HOLE NO.

Form MRK-55-2 
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HTW DRILLING LOG HOLENO.
PROJECT ~INSPECTOR /, -'SHEETS'

\ I ___ , /OF 
4f SHEETS

FIELD SCREENING Ck9 "Eenrt ANALYTICAL
ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS , ; " O. SAMPLE NO. S REMARKS

a b c d r-f e g h

7.j,"

I k-

-~A~ e 
-st

27-

C

[Y7 PROJECT HOENO.

051601 F "

Form MRK-55-2 ..



HTW DRILLING LOG HOLENO X'o

1. COMPANY NAME A 2. DRILLING SUBCONTRACTOR _ SHEET 1

14'/ C( OF It SHEETS

3. PROJECT h X44. LOCATIONtFXPA

5. NAME OF DRILLER 6. MANUFACTURER'S DESIGNATION OF DRILL

7. SIZES AND TYPES OF DRILLING _7' t i' 8. HOLE LOPATION2

AND SAMPLING EQUIPMENT
9. SURFACE ELEVAT

10. DATE STARTED 11. DATE COMPLETED.

12. OVERBURDEN THICKNESS 15. DEPTH GOUNDWATER ENCOUNTERED f- .

13. DEPTH DRILLED INTO ROCK . 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED

14. DEPTH OF HOLE " 9 '' 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INS ECTOR

FIELD SCREENING ,@i6*SAMPk- ANALYTICAL

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS ,QaL2DnYI. SAMPLE NO. . ff REMARKS

a b c d tiT''€o f h

'Ai

33

o.7 51601 PROJECT p HOLE NO.

Form MRK -55



HTW DRILLING LOG HOLE NO.

PROJECT 
NS/O" 

SHEE TS

FIELD SCREENING @ ,T. , .. 0PE ANALYTICAL .CLOw-

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS f SAMPLE NO. GelM REMARKS

a b C d f "e t =. h

If

- 0

0(a.0

-- -_

FMR5

[~ 7PROJECT HOLE NO.

I~,muvwinI051601 tC
'~' Form MRK-55-2



HTW DRILLING. LOG HOLENO,

PROJECT Nt AINSPECTOR - ~ /-SHEET - 3
Al, r OF SHEETS

FIELD SCREENING ,, FT [PE ANALYTICAL "-OLU

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS ,,. q O -X NO. SAMPLE NO. G, REMARKS

P /ay?. Ar.o /

/f0,

44)

05101PROJECT HOLE NO.
Form MRK-55-2,



HTW DRILLING LOG HOLE NO.

PROJECT INSPECTOR SHEET(.

_RO__C_______,_s__co___.,. c /A4-L OF 9-SHEETS

FIELD SCREENING GEOTECH SAMPLE ANALYTICAL BLOW

ELEV DEPTH DESCRIPTION OF MATERIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d e f g h

L

PROJECT HOLE NO

051601
Form MRK-55-2



HTW DRILLING LOG HOLENO
1. COMPANY NAME 2O DRILLING SUBCONTRACTOR SHEET 1

C A-f-'c OF A SHEETS

3. PROJECT (/ cc 4. LOCATION

5. NAME OF DRILLER /)6. MANUFACTURER'S DESIGNATION OFDRL

7. SIZES AND TYPES OF DRILLING 77v *A ( -4'/i Lvt- 8. HOLE.LOATIOL,..
AND SAMPLING EQUIPMENT L:..:; (f. i& -4. 1

9. SURFACE ELEVATIQ . 17 4

10. DATE STARTED - 11. DATE COMPLETED

12. OVERBURDEN THICKNESS / 3 / 15. DEPTH GOUNDWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK , 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED

14. DEPTH OF HOLE / 3/ 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY) IVA

18. GEOTECHNICAL SAMPLES , 4 DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING £ ANALYTICAL 6 -9

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS eweerI mIt. SAMPLE NO. QQ6M's REMARKS

a b c d Iy-~~~ I 71f h

I

a7

PROJECT HOLE NO.
051601

11 Form MRK -55



HTW DRILLING LOG HOLE NO.

PROJECT I) i. L NSPECTOR SHEE ,,. ,

Ile". OF -... HEETS
FIELD SCREENING , , , ? L ANALYTICAL .....

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS SAMPLE NO. CMTM REMARKS

a b c d f (g h

7-

C or2.0

7, rV,1 7/ A

9'--

-/ 4.11 -j

FOm M6RK-55-2 0



HTW DRILLING LOG HOLE NO.

1. COMPANY NAME 
-  2. DRILLING SUBCONTRACTOR SHEET 1

P /:, i5 I - OF I~ SHEETS

3. PROJECT C -. 4 4. LOCATION . " , /

5. NAME OF DRILLER p 6. MANUFACTURER'S DESIGNATION OF DRILL

7. SIZES AND TYPES OF DRILLING -' 'ti ki 8" HOLE J)04 -7b -2
AND SAMPLING EQUIPMENT ) ,, J ?U tk.r

9. SURFACE ELEVATION q

10. DATE STARTED 11. DATE COMPLETED

12. OVERBURDEN THICKNESS . y 15. DEPTH GOUNDWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED

14. DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

18. GEOTECHNICAL SAMPLES DIYy ED UNDIt ED 19. TOTAL NUMBER OF CORE BOXES

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING GEKGH68SMftt ANALYTICAL tew

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS E NO. SAMPLE NO. Comm " REMARKS

a b c d, f r.,I h

3

,J., 4, v', ,; , "_"P!

4l .. ' aC

051601 PROJECT 
HOLE NO.

Form MRK -55



HTW DRILLING LOG HOLE NO.

PROJECT INSPECTOR j ,1 /SHEET2

& /<-' OF~ SHEETS

FIELD SCREENING GE;e-*AL ANALYTICAL -B~ww

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS QTCMEFMNO. SAMPLE NO. 946ws REMARKS

a b C d f * g h

~444-e £4:44

o5jto 4 " ,~,1 /7,-5

PROJECT 
HOLE NO.

Farm MRK-55-2



HTW DRILLING LOG HOLENO. f.

1. COMPANY NAME s /,. 2. DRILLING SUBCONTRACTOR SHEET 1
OF SHEETS

3. PROJECT t :/ 4. LOCATION

5. NAME OF DRILLER 6. MANUFACTURER'S DESIGNATION OF DRILL ,

7. SIZES AND TYPES OF DRILLING , j l k7t,. re kf7, 8. HOLE LOCATION b/ _ 00 ? l /77.
AND SAM PLING EQUIPM ENT 

q ( ,*,3, 
v / ' VC,,) •

9. SURFACE ELEVATION " 5

10. DATE STARTED 11. DATE COMPLETED

12. OVERBURDEN THICKNESS 15. DEPTH GOUNOWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED

14. DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING EflEWE SWLE ANALYTICAL Bb@%

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS GF R- 0. SAMPLE NO. 4tOH S REMARKS

a b C d 4&%;_____ f-/ _______IIh

.5A j i 7 4-t- fVA,

6

40,h~ verlv 4.Oe 3

VomM=5 5 PROJECT HOLE NO.

Form MRK -55



HTW DRILLING LOG HOLE NO. / _j.'

PROJECT A) A INSPECTOR SHEET HEET

(7L.'' __ ____OF 
~-SHEETS

FIELD SCREENING £g31 T-f4 SAM"L" ANALYTICAL W ',4VI

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS QBE3Q"O . SAMPLE NO. ,6tIMS REMARKS

a b c d f h

~ 0

4 p

, ,~b 9 , ! /

77h 4--AW,#' 4 0 N q

PROJECT 
HOLE NO

Form MFIK-55-2



HTW DRILLING LOG HOLE NO.

1. COMPANY NAME $ A2. DRILLING SUBCONTRACTOR SHEET 1
IOF ,1 SHEETS

3.PROJECT T4. LOCATION i ,

5. NAME OF DRILLER 6. MANUFACTURER'S DESIGNATION OF DRILL ,

7. SIZES AND TYPES OF DRILLING . - v iLrY~d( .,tS8mAr-
AND SAMPLING EQUIPMENT ,<t4', /e : . 59"7. 7F 0 1 (c7 /1 >p

9. SURFACE ELET)~~

10. DATE STARTED 11, DATE COMPLET5D

12. OVERBURDEN THICKNESS 15. DEPTH GOUNDWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK C# / 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED

14. DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

18. GEOTECHNICAL SAMPLES DIS~~kD UNDI)iUBED 119. TOTAL NUMBER OF CORE BOXES

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

__ __ __ _ AIA ltA %/447 A'
22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING ,QkG*fPe, LE ANALYTICAL *1W-.

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS OwcarrMTVo. SAMPLE NO. Ci.IU REMARKS
a b c d jlp( k'f '

)..r

For MRK -55 ~ ~ ' C\

/ft

2- -

06101PROJECT HOLE NO.

11 Form MRK -55



HTW DRILLING LOG HOLE NO.

PROJECT INSPECTOR SHEET " 2-

L _ _ __4 X I c K- OF 2.SHEETS

FIELD SCREENING & e fT V-,, ANALYTICAL . ... ",

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS W NO. SAMPLE NO. ,04 REMARKS

a b c d e09,- P I. ', t4 h

0

0 ,uf .e <,-(<:.

.4 Ly

o ,PROJECT HOLE NO.-

Form MRK-55-2



HTW DRILLING LOG HOLE NO
1. COMPANY NAME 2. DRILLING SUBCONTRACTOR - SHEET I

1 C OF I SHEETS

3. PROJECT C. , 4. LOCATION

5. NAME OF DRILLER .q ,f ,-y 6. MANUFACTURER'S DESIGNATION OF DRILL "'

7. SIZES AND TYPES OF DRILLING A- 
,L/Vc-',- "B. HOLE n '-

AND SAMPLING EQUIPMENT &7(#4'14
, £/e4'->i C'1L S- 107.6571

9. SURFACE4EVATION

10. DATE STARTED 11. DATE COMPLETED

12. OVERBURDEN THICKNESS 15. DEPTH GOUNDWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK L 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED

14. DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

18. GEOTECHNICAL SAMPLES 4t,' DI N UBED LI I BED 19. TOTAL NUMBER OF CORE BOXES

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

A/A / 4 , %

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING ANALYTICAL .W

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS "W 0. SAMPLE NO. 7OuT REMARKS

a b c -d A#4NYI TP

,I -

- (r 0 /!f , r¢y19 90 b

Awe

, e_ 

_ __' _, 

/',
1- * 4 'V very oc,, "F5

6 PROJECT HOLE NO.
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HTW DRILLING LOG HLENO. 0.

1. COMPANY NAME h A2. DRILLING SUBCONTRACTOR C.r-SHEET I
b OF 2 SHEETS

3. PROJECT & '4. LOCATION

5. NAME OF DRILLER I'*6. MANUFACTURER'S DESIGNATION OF DRILL ;

7. SIZES AND TYPES OF DRILLING B.r# HOLO 4CT

AND SAMPLINGEOUIPMENT O.u, 4--, , 4. N j l. -" 'z.-4.4&do

9. SURFACE ELEVATIONS317-, sci I
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13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING MPLETED
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Appendix C
Global Survey Data

DCF Study Area
RI Addendum Report

Ground
Surface TOC

Location Northing Easting Elevation Elevation

.Bedrock Survey,' _____

cp5 4325725.296 691527.785 1064.16
te4 4325762.213 691861.326 1112.98 *

te5 4325745.509 691815.725 1111.28 *

te6 4325741.637 691773.595 1111.35 *

gorge e 4325759.404 691577.904 1110.04 *

gorge c 4325788.577 691559.179 1114.38 *

gorge w 4325759.453 691529.506 1105.06
twl 4325766.311 691502.701 1105.58
gorge2 e 4325786.506 691469.367 1106.77 *

gorge2 c 4325814.470 691464.310 1110.74 *

gorge2 w 4325806.370 691437.037 1108.66 *

tw2 -4325820.813 691399.889 1109.35 *

tw3 4325844.539 691347.571 1107.82 *

tw4 4325873.204 691309.852 1111.53
top form 1 4325898.109 691253.986 1100.69 *

tw5 4325935.204 691228.776 1103.33 *

tw6 4326003.332 691197.240 1098.31 *

ne183 4326155.348 691076.330 1113.35 *

se183 4326115.884 691101.170 1104.32 *

sw183 4326076.158 691030.278 1104.22 *

93-08 4326024.625 690995.786 1085.07 *

92-04 4326027.623 691027.203 1086.27 *

93-13 4326003.747 691098.930 1084.16 *

01-40 4326024.254 691102.069 1084.89
31pz 4325774.657 691127.407 1058.84 *

mid tt 4325970.897 691111.596 1068.97
cpl 4325972.812 691116.641 1067.25 *

mh343 4325970.375 691127.855 1067.34 *

wfl 4325960.077 691143.214 1068.23 *

cp2 4325946.832 691145.986 1066.02 *

west wet 4325909.517 691209.974 1068.28 *

cp3 4325890.549 691245.093 1067.43 *

bf1 4325885.564 691244.304 1067.96 *

bw3 4325824.783 691334.852 1067.46 *

bw4 4325850.858 691294.460 1067.77
cp4 4325799.415 691371.311 1065.90 *

bw2 4325795.175 691386.199 1067.11 *

b2 c 4325767.114 691441.057 1066.93 *

b2 e 4325760.349 691455.680 1066.66 *

bwl 4325744.313 691492.308 1066.45 *

bg3 4325734.329 691517.051 1066.40 *

north river 4325677.117 691367.000 1039.42 *

globalsurvey.xs Page 1 of 6



Appendix C
Global Survey Data

DCF Study Area
RI Addendum Report

Ground
Surface TOC

Location Northing Easting Elevation Elevation

00-34b 4325730.041 691375.544 1048.47 *

00-34c 4325731.014 691375.408 1048.20 *

bg2 4325723.252 691546.810. 1066.03 *

bgl 4325714.576 691572.048 1065.99 *

west 354 4325678.858 691648.028 1064.68 *

cp6 4325677.306 691722.749 1064.41 *

be6 4325678.383 691779.040 1064.15 *

be5 4325680.199 691821.149 1063.94 *

be4 4325687.357 691875.960 1063.79
cp7 4325687.051 691895.310 1062.12 *

be3 4325704.556 691946.075 1063.93 *

be2 4325727.895 692007.462 1064.07 *

te3 4325777.694 691931.251 1111.57 *

te2 4325785.159 691990.091 1098.47 *

top horse 4325814.669 692044.219 1095.50 *

horse lim 4325772.427 692077.040 1063.65 *

354-99-11 4325750.417 692129.757 1057.20 *

354-99-11c 4325753.617 692128.835 1057.04 *

135.74 4325818.082 692159.418 1064.60 *

_______ _ -Monitoring Wells _,___....

DCF02-41 4325968.07 691069.68 1057.96 1060.16
DCF02-42 4326041.74 690851.11 1069.63 1072.27
DCF02-43 4325995.58 690799.23 1056.13 1058.51
DCF02-44a 4325952.74 690979.22 1058.80 1061.15
DCF02-44c 4325952.35 690981.27 1058.76 1061.01
DCF02-45a 4325833.97 691179.72 1060.00 1062.26
DCF02-45c 4325834.17 691177.65 1060.14 1062.35
DCF02-46a 4325927.89 690905.64 1065.05 1067.40
DCF02-46c 4325926.45 690906.64 1064.97 1067.10
DCF02-47a 4325863.98 691011.73 1060.75 1063.18
DCF02-47c 4325865.44 691011.19 1060.84 1062.86
DCF02-48a 4325800.94 691115.53 1057.01 1059.49
DCF02-48c 4325803.10 691116.38 1056.87 1059.44
DCF02-49a 4325724.21 691251.63 1049.75 1052.19
DCF02-49c 4325725.56 691252.15 1049.66 1051.87
DCF03-50a 4325598.79 691188.12 1059.73 1061.87
DCF03-50c 4325598.82 691187.14 1059.61 1061.90

Training Area 2

ACO 14191589.19 2268284.753 1058.50 *

ACOE 14191589 2268292.455 1058.42 *

AE1 14191583.3 2268334.214 1059.15 *

AWl 14191584.47 2268238.656 1059.28 *

BCO 14191538.81 2268288.572 1059.75 *

globalsurvey.ds Page 2 o 6



Appendix C
Global Survey Data

DCF Study Area
RI Addendum Report

Ground
Surface TOC

Location Nojhinq Easting Elevation Elevation

BE1 14191532.07 2268337.707 1059.05
BE2 14191525.36 2268384.586 1059.04 *

BE3 14191519.77 2268435.483 1059.80 *

BE4 14191512.17 2268479.031 1060.09 *

BW1 14191532.19 2268239.505 1058.58 *

BW2 14191527.09 2268188.962 1058.54 *

F1 14190945.72 2268599.16 1060.94 *

F2 14191050.77 2268539.024 1060.31 *

F3 14191142.48 2268445.035 1059.65

F4 14191227.26 2268350.767 1059.49
F5 14191297.51 2268245.745 1059.05
F6 14191378.08 2268147.951 1059.13
F7 14191473.3 2268057.795 1059.19
F8 14191570.05 2267978.744 1060.20
Gla 14190072.86 2265351.057 1061.36

G2a 14190039.16 2265445.375 1060.76

G3a 14189988.53 2265533.151 1061.42

G1 4325594.587 691254.887 1060.17
G2 4325593.386 691224.788 1059.80
G3 4325595.900 691194.789 1059.88
G4 4325596.108 691164.304 1059.01
G5 4325603.194 691135.811 1059.43
G6 4325610.997 691105.915 1060.12
G7 4325609.852 691075.887 1061.28
G8 4325606.863 691048.388 1061.53
G9 4325610.379 691018.265 1062.03
G10 4325609.144 690989.886 1062.72
H1 4325435.570 691271.622 1059.63 *

H2 4325388.496 691302.886 1061.28 *

H3 4325341.846 691344.652 1061.60 *

H4 4325291.363 691369.675 1062.70 *

H5 4325232.678 691389.745 1062.78 *

H6 4325241.717 691448.380 1061.43 *

H7 4325249.528 691510.383 1062.11 *

Spring/Summer 2002 Brings • •

201 4326032.260 691000.055 1086.18 *

203 4326043.780 691064.941 1086.39 *

204 4326020.830 691084.971 1084.14
204 4326020.830 691084.976 1084.14

205 4325999.600 691101.248 1081.34
206 4326062.440 691089.276 1087.90
207 1 4326048.940 691104.333 1085.34

globalsurvey.xis Page 3 of 6



Appendix C
Global Survey Data

DCF Study Area
RI Addendum Report

Ground
Surface TOC

Location Northing Easting Elevation Elevation

208 4326020.950 691125.324 1081.63 *

209 4326057.850 691130.888 1085.98 *

210 4326012.740 691063.069 1083.71 *

211 4326018.720 691069.804 1083.23 *

212 4326024.600 691076.371 1083.57 *

213 4326030.590 691083.600 1084.69 *

214 4326036.530 691090.311 1085.39
215 4326043.030 691098.120 1085.02 *

216 4326049.050 691103.790 1085.31 *

217 4326055.010 691111.858 1085.53 *

217 4326051.430 691105.044 1085.47 *
218 4326007.020 691069.832 1083.59 *

219 4326011.110 691074.984 1083.51 *
220 4326017.380 691082.215 1083.99 *

221 4326023.590 691089.259 1084.24 *

222 4326029.170 691095.897 1084.90 *

223 4326035.640 691103.165 1084.85 *

224 4326041.840 691109.939 1084.89 *

226 4326004.480 691080.608 1083.78 *

227 4326009.950 691087.789 1083.85 *

228 4326016.150 691094.523 1084.16 *

229 4326022.140 691101.551 1084.20 *

230 4326028.230 691108.649 1084.36 *

231 4326034.330 691115.274 1084.70 *
232 4326040.060 691121.927 1085.02 *

233 4325997.650 691086.968 1082.93 *
234 4326002.970 691092.851 1083.19 *

235 4326008.990 691100.070 1083.38 *

236 4326014.640 691106.625 1083.74 *

237 4326020.800 691113.696 1083.96 *

238 4326026.840 691120.472 1084.25 *

239 4326032.890 691127.321 1084.65 *

401 4326020.660 691076.022 1083.59 *
402 4326026.210 691083.340 1084.14 *

403 4326031.430 691091.148 1085.00 *

404 4326036.420 691098.471 1084.95 *
405 4326041.850 691105.877 1084.97 *

406 4326046.730 691113.117 1085.01 *

407 4326052.250 691120.303 1085.09 *
408 4326058.400 691126.818 1085.34 *

409 4326037.550 691108.552 1084.64 *

410 4326042.520 691111.046 1084.88 *
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Appendix C
Global Survey Data

DCF Study Area
RI Addendum Report

Ground
Surface TOC

Location Northing Easting Elevation Elevation

411 4326042.390 691116.070 1084.99 *

412 4326047.890 691118.543 1085.04 *

412 4326048.130 691116.744 1085.04 *

413 4326047.970 691123.518 1084.67 *

414 4326052.890 691126.914 1085.00 *

415 4326011.580 691076.700 1083.56 *

416 4326016.730 691084.380 1084.07 *

417 4326021.570 691088.123 1084.09 *

418 4326022.410 691092.291 1084.30 *

419 4326027.530 691099.223 1084.57 *

420 4326032.890 691106.602 1084.72 *

421 4326038.050 691113.949 1084.82 *

422 4326040.840 691117.932 1084.92 *

423 4326043.470 691121.706 1085.06 *

424 4326048.630 691129.129 1084.01 *

425 4326033.710 691112.164 1084.55 *

426 4326033.880 691116.821 1084.62 *

427 4326038.660 691119.680 1084.85 *

428 4326038.920 691125.166 1084.95 *

429 4326043.650 691127.247 1084.53 *

430 4326007.990 691085.567 1083.95 *

431 4326013.310 691092.808 1083.97 *

432 4326018.610 691100.442 1084.30 *

433 4326023.990 691108.019 1084.24 *

434 4326029.160 691115.133 1084.55 *

435 4326034.710 691122.791 1084.89 *

436 4326039.840 691129.519 1083.92 *

437 4326029.640 691121.550 1084.29 *

438 4326030.200 691125.855 1084.29 *

439 4326035.380 691127.992 1084.67 *

440 4326000.060 691087.750 1083.43 *

441 4326003.230 691094.565 1083.06 *

442 4326009.580 691101.374 1083.53 *

443 4326015.150 691109.070 1083.39 *

444 4326000.810 691102.484 1081.70 *

445 4326006.420 691109.859 1080.91 *

446 4326056.690 691112.598 1085.78 *

446 4326056.770 691112.602 1085.73 *

448 4326045.830 691097.644 1085.31 *

449 4326040.460 691090.032 1085.48 *

450 4326035.300 691082.368 1085.26 *

451 4326029.970 691074.925 1084.28 *
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Appendix C
Global Survey Data

DCF Study Area
RI Addendum Report

Ground
Surface TOC

Location Northing Easting Elevation Elevation

452 4326024.470 691067.726 1083.54 *

901 4326037.340 690894.509 1069.33
902 4326038.750 690879.791 1069.62
903 4326042.780 690864.191 1069.75
904 4326045.450 690850.770 1069.24
905 4326049.870 690834.554 1068.78 *

906 4326051.000 690818.423 1068.18
907 4326053.790 690803.284 1067.48

908 4326056.890 690788.215 1067.31
909 4326067.110 690806.011 1066.90
910 4326062.680 690822.454 1068.45
911 4326058.850 690836.850 1070.30
912 4326053.490 690853.102 1071.85
913 4326072.530 690792.308 1066.11
914 4326070.320 690839.542 1069.95 *

915 4326075.840 690824.289 1068.55
916 4326083.320 690812.146 1066.72
917 4326090.440 690797.689 1065.55
918 4326095.570 690783.199 1064.82
919 4326101.380 690769.062 1064.06
Former Building 183 Locations,

B701 * * 1107.70 *

B702 * * 1107.70
B703 * * 1107.70
B704 * * 1107.70 *

B705 * * 1107.70
B706 * * 1107.70

TOC = Top of Casing

* = Not Appilcable

All elevations in feet above mean sea level.

All borings and wells measured by KAW Valley Engineering.

All bedrock survey points measured by Burns and McDonnell.
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Monitoring Wells
Installed 2002 and 2003
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Monitoring Well DCF02-41



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-41 Well Location: Island
Installation Start (Date/Time): 09/24/02 Completion (Date/Time): 09/25/02

Well casing, top elevation 1060.16 ft. msl 1. Cap and Lock? ZYes ONo

Land surface elevation 1058.0 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.
b. Length 5 ft.

Top View c. Material Metal
T d. Weep hole location/size:

1/8". 1/2" off concrete pad
e. Add. protection? 0Yes []No

0 = = = _ _ 3. Pad type/dimensions: 3'x3'x4"
Side View =ii11-=I _ _

ll- iiii - ll i -= iii _ iiii = i"' 4. Surface Seal: 10 Concrete E- __
-- IIII --- IIIIiIHUl = pIIQ I = IIII li I 111, 5. Material between well casing and

211 III protective cover: concrete to surface,

I IIII=t sand to 1" below TOC
Sketch of Surface Comoletion III E III M,

6. Annular seal: 0l Granular bentonite
El Bentonite slurry

Annular seal, top 2.0 ft bgs / 1056.0 ft msl 0 Bentonite-cement
El Other

Bentonite seal, top 14.0 ft bgs / 1044.0 ft msl 7. Bentonite seal: 0l Granular bentonite
[] Bentonite pellets inch
0 Bentonite chips 3/8 inch

Fine sand, top N..A ft bgs / 0.0 ft msl Dl Other

8. Fine sand: Manufacturer, name, & size

Filter pack, top 18.0 ft bgs / 1040.0 ft msl 8. _Fne _snd: _anufcturr,_nme, __siz

Volume added lbs.

Screen joint, top 23.5 ft bTOC / 1036.7 ft msl 9. Filter pack: Manufacturer, name, & size
Oolebay Norton, silica, 20-40
Volume added 300 lbs

Bottom of end cap 33.5 ft bTOC /1026. ift msl
10. Well casing:

Type Schedule 40 PVC
Filter pack, bottom 31.0 ft bgs / 1027.0 ft msl Manufacturer Environ Manufacturing

Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 31.0 ft bgs / 1027.0 ft msl
11. Screen material:

Type Schedule 40 PVC

Development: Manufacturer Environ Manufacturina
Method: Surged well for 2-3 min. per foot of Slot size 0.020 in.

screen. Placed pump on bottom and Outside diameter in.
removed silt and water until <30 NTUs. Inside diameter 2 in.
Later pumped until the measured TD
eaualed constructed TD. 12. Backfill material (below filter pack):

Date: 10/01/02 and 10/04/02 0 None El Other

13. Centralizers: 0 No El Yes
Static water level >24hr. after development If yes, Type/material

Date Time Level below TOC Number
10/11/02 .1029 20.17 Depth(s)

Comments Added 5 gallons of water to hydrate bentonite seal.

Driller: Funkee Drilling Inspector: Nathan Watson

Discrepancies: Checked by:/MPL?_.,6 . Date: /yl/ '/



Well Development Form Page 1 of

Project Number: 7Well Number: .1- j( !

Project Information Elevation of Well

Facility Name: Ground Surface Elevation (GS):

Location: N E Top of Casing Elevation (TOC):

Well Information Well Vqtume Calculation

Date Well Installed: 3- - Co, _.__o_,_ ,_',_,._,__ t" 1L // ¢ 1 M -,, "

Total Depth of Well: 33y o feetlrom " , .. -LL2

Depth to Top of Screen: a? tA7 Vrom L5 7 /(.3 4"e

Length of Casing Screened: " /1 feet 1 well volume (gallons) = initia e oitej column (ft) x 0.0408 x (casing diameter (m))2
Type of Formation Screened: d__________________ _______________________ _____________

Well Development Method /_
Equipment: - ModDescription: IOU ,-,-

Surge Bail

Airlift Pump L,_,_______,)_-_-__

Observations During Well Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Dete Time Water* (ft) Depth* (ft) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odor, et: )

o/J00 k Zo .i1 5-iI -3,7 S 7,'5- 43oo xAe'c-WV
I 1w0,y,3) 1 ooo

- . k3-70 /_ 7o__1000

_D x' - 3- I4 > i/ coo

_ _ __ .__, _ _ ___, o 0" 17.9 17..........
it? 1 -.- 1 -L, (_ n l ---.-

__,_____" -75 7 _3 o_ J ._. .. .

69 C_ _ 5 q. q _

From TOG unless otherwise noted in Remarks ( fit)1 1.1C(0 KC; I



Well Development Form (continuation) Page . of 2,

Project Number: 2 79'/ Well Number: DCtU--- ( --- L..
Observations During Well Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance ,wd Remarks

Date Time Water* (It) Depth' (ft) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odor, cIC.)

_____-o _ ,I ,C. 7.,iI-> , ooo

_ _ _ _ _ __ _ - --.-. 6 ------- -.-- -. ....... .
_ _ _ /000 - _ -__ _ _ ]t , JAl. //_ZL_ I!1 L . ........................

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

................nt in. -

From' " ,ess otherwite noted in Remavf [ 1 051 , W(D-KC- 6-9



Monitoring Well DCF02-42



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-42 Well Location: Island
Installation Start (Date/Time): 09/26/02 Completion (DateTime): 09/27/02

Well casing, top elevation 1072.27 ft. msl 1. Cap and Lock? [Yes DNo

Land surface elevation 1069.6. ft. msl 2. Protective cover:
a. Inside Diameter 4 in.
b. Length 5 ft.

Top View c. Material Metal
d. Weep hole location/size:

1/8". 1/2" off concrete Pad
e. Add. protection? MYes EINo

S -_ _ -=3. Pad type/dimensions: 3'x 3'x 4'
Side View"f 111afl!1M 11 11 111f

i Iill -I III] ill1111 -111- 4. Surface Seal: 0 Concrete 0] __

--- 1II I1 II ---- IIII -

III 0 HII f M 1' 5. Material between well casing and
"11II =- IIi III protective cover: concrete to surface.

sand to 1" below TOC
Sketch of Surface Comoletion lll= III

6. Annular seal: C Granular bentonite
El Bentonite slurry

Annular seal, top .0 ft bgs / 1067.6 ft msl 0 Bentonite-cement
0 Other

Bentonite seal, top 13.0 ft bgs / 1056.6 ft msl 7. Bentonite seal: 0 Granular bentonite
[] Bentonite pellets inch
10 Bentonite chips 3/8 inch

Fine sand, top NA ft bgs / 0.0 ft msl 0 Other

8. Fine sand: Manufacturer, name, & size

Filter pack, top 17.0 ft bgs / 1052.6 ft msl
Volume added lbs.

Screen joint, top 23.2 ft bTOC / 1049.1 ft msl 9. Filter pack: Manufacturer, name, & size
Oqlebay Norton, Silica, 20-40
Volume added 250 lbs

Bottom of end cap 33.2 ft bTOC / 1039.1 ft msl
10. Well casing:

Type Schedule 40 PVC

Filter pack, bottom 30.5 ft bgs / 1039.1 ft msl Manufacturer Environ Manufacturing
Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 30.5 ft bgs / 1039.1 ft msl
11. Screen material:

Type Schedule 40 PVC

Development: Manufacturer Environ Manufacturing

Method: Suroed well for 2-3 min. per foot of Slot size .0.020 in.
screen. Placed pump on bottom and Outside diameter in.
removed silt and water until <30 NTUs and Inside diameter 2 in.
the measured TD equaled constructed TD.

Date: 10/07/02 12. Backfill material (below filter pack):
0 None 0l Other

Static water level >24hr. after development 13. Centralizers: 0 No El Yes
Date Time Level below TOO If yes, Type/material

10/11/02 0830 32.30 Number
Depth(s)

Comments Added 9 allons of water to hydrate bentonite seal.

Driller: Funkee Drillinq Inspector: Nathan Watson

Discrepancies: Checked by: 0/bJ('Ci,.7 Date: __,__T_.2_0z_



Well Development Form Page 1 of

Project Number: -7 __7 ___ I Well Number: C "- C)- .

Project Information Elevation of Well

Facility Name: ?C F A- Ground Surface Elevation (GS): ----..........

Location: N E Top of Casing Elevation (TOC):

Well Information Well Volume Calculation

Date Well Installed: ? // . .......

Total Depth of Well: 5 feet from 7o..-,
Depth to Top of Screen: R 3 -3 A feet from 7"be,-
Length of Casing Screened: feet 1 well volume (gallons) initial height of water column (fl) x 0.0408 x (casing diamelum (w1)2

Type of Formation Screened.

Well Development Method

Equipment: / 2,2Vl .-2 At,).. jIe-I.c Method Description: rnathA-L A _A-+ Lbw" ', -

Surge Eil .x-, 'r-e 'YAS

Airlift Pump -1'a1 c__ k ~ -(SV! / _

Observations During Well Development \ _- _____.....-_...

Depth to Total Fluid Removed __ Temp. pH S.C. Turbidity Fluid Appearance and Remiinks
Date Time Water* (tt) Depth* (ft) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odor, etc.)

101-71 Q- 12-2 ,22 _ 3'3. I _ .l o ooo .................

1_55 3;.. 25 ?r. _ ...... _ _ 7.1 ,'o >/oc .. .......

* .... .__

1-1 1- 7 10 00. .... ..... ..... .........

From TOC unless otherwise noted in Remarks !,U F, [,,w, WC'D-KCf.



Monitoring Well DCF02-43



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-43 Well Location: Island
Installation Start (Date/Time): 09/25/02 Completion (Date/Time): 09/26/02

Well casing, top elevation 1058.50 ft. msl 1. Cap and Lock? MYes []No

Land surface elevation 1056.1 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.
b. Length 5 ft.

Top View c. Material Metal
d. Weep hole location/size:

1/8". 1/2" off concrete pad
e. Add. protection? EDYes []No

e - 111 e 3. Pad type/dimensions: 3' x 3' x 4"

Side Viewill il -- II1 111 1111 0 Conc IreItI
-III1--- -- -I -II I---- III11 I' 4. Surface Seal: 0 Concrete E _
till iiiI M 111 1111 _=II = II

IIII1111 iiii-iiii, 5. Material between well casing and

MIl 11 11 -11 protective cover: concrete to surface,
Inl -=11 sand to 1" below TOC
i ll Ill -Stletion 6. Annular seal: El Granular bentonite

o Bentonite slurry

Annular seal, top LO ft bgs / 1054.1 ft msl 0 Bentonite-cemento- Other

Bentonite seal, top 24.0 ft bgs / 1032.1 ft msl 7. Bentonite seal: El Granular bentonite
- Bentonite pellets inch
0 Bentonite chips 3/8 inch

Fine sand, top NA ft bgs / 0.0 ft msl El Other

8. Fine sand: Manufacturer, name, & size

Filter pack, top 27.0 ft bgs / 1029.1 ft msl
Volume added lbs.

Screen joint, top 32.0 ft bTOC / 1026.5 ft msl 9. Filter pack: Manufacturer, name, & size
Oalebay Norton, Silica, 20-40
Volume added 50 lbs

Bottom of end cap 42.0 ft bTOC / 1016.5 ft msl
10. Well casing:

Type Schedule 40 PVC

Filter pack, bottom 40.0 ft bgs / 1016.1 ft msl Manufacturer Environ Manufacturing
Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 40.0 ft bgs / 1016.1 ft msl
11. Screen material:

Type Schedule 40 PVC

Development: Manufacturer Environ Manufactudn

Method: Suraed well for 2-3 min. per foot of Slot size 0.020 in.

screen. Placed oump on bottom and Outside diameter in.

removed silt and water until <30 NTUs and Inside diameter 2 in.

the measured TD eaualed constructed TD.
Date: 10/02/02 12. Backfill material (below filter pack):

0 None 0l Other

Static water level >24hr. after development 13. Centralizers: [ No El Yes

Date Time Level below TOC If yes, Type/material

10/11/02 0825 18.70 Number
Depth(s)

Comments Added 10 gallons of water while placing sand.

Driller: Funkee Drillinq Inspector: Nathan Watson

Discrepancies: Checked by: Wd'/ tc-' Date: Io//"/oz.



Well Development Form Page1ot I
Project Number: W,__7_________--_ well Number: - - -. .- " -

Project Information Elevation of Well

Facility Name: - LA- Ground Surface Elevation (GS):

Location: N E Top of Casing Elevation (TOC): "_

Well Information '_._ek Volume Calchltpl

Date Well Installed: 12?5i 0;1 .23;Y)5
Total Depth of Well: 5 leer f......... .
Depth to Top of Screen: 2q. eet 9rom "o, ,2,1 _

Length of Casing Screened: 0 0 feet vo w o )0 c d r

Type of Formation Screened: (I well voll = i eight of wate c- () .048 (casing dameter (it)w,

Well Development Method

Equipment: j Ii_____-_. Method Descrip ion . 4 2 3 n:.-,,./" /..

Surge Bail .' .

Airlift Pump __,__
,

__ _ _ -_.. . . .

Observations During Well Development .......

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Da Time Water* (ft) Depth*. (ft) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odor, etc.).); L .. ................................._..

_ _ _ _ __o r : A n, 5 7U 2 v 3 7 0 Turbdit

F_,2 '?70 71,00 ------- - -L-7. l77.

.3( ii..i.o71 - 31 ;

I.- _ _ I ' 7. '7770, 7(o3

i.02l iTTO 1'74
From I t u sn i I051 81 1,oI... _ _ _ _... ...i 1 5 i _ _ _ _ __._ __. 7 ' 7- .. .. .... .. ....

•From TOC unless otherwis. noted in Remarks 
(,1o , W LK ,)...



Monitoring Well DCF02-44a



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-44a Well Location: Island
Installation Start (Date/Time): 09/11/02 Completion (Date/Time): 09/27/02

Well casing, top elevation 1061.15 ft. msl 1. Cap and Lock? ZYes [:]No

Land surface elevation 1058.8 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.
b. Length 5 ft.

Top View c. Material Metal
d. Weep hole location/size:

1/8". 1/2" off concrete Dad
e. Add. protection? OYes [-No

Side A 11l- S 3. Pad type/dimensions: 3' x 3' x 4"

SideView III M 11 M 11 M III,
--- 1 II---lNll-ll -N1' 4. Surface Seal: 0 Concrete E]

-- II--- III IIII -li 5. Material between well casing and
- Iprotective cover: concrete to surface,

I i sand to 1" below TOC
Skehof Surface Comoletion _I 11

6. Annular seal: El Granular bentonite
l Bientonite slurry

Annular seal, top LO ft bgs / 1056.8 ft msl 0 Bentonite-cement
El Other

Bentonite seal, top ..0 ft bgs / 1052.8 ft msl 7. Bentonite seal: El Granular bentoniteo Bentonite pellets inch
0 Bentonite chips 3/8 inch

Fine sand, top NA ft bgs / 0.0 ft msl El Other

8. Fine sand: Manufacturer, name, & size
Filter pack, top 10.5 ft bgs / 1048.3 ft msl t

Volume added lbs.

Screen joint, top 16.3 ft bTOC / 1044.8 ft msl 9. Filter pack: Manufacturer, name, & size
Oqlebay Norton, silica, 20-40
Volume added 300 lbs

Bottom of end cap 31.3 ft bTOC /1029.8 ft msl
10. Well casing:

Type Schedule 40 PVC

Filter pack, bottom 28.5 ft bgs / 1030.3 ft msl Manufacturer Environ Manufacturinq
Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 28.5 ft bgs /1030.3 ft msl
11. Screen material:

Type Schedule 40 PVC
Development: Manufacturer Environ Manufacturina

Method: Suraed well for 2-3 min. er foot of Slot size 0.020 in.
screen. Placed pump on bottom and Outside diameter in.
removed silt and water until <30 NTUs. Later Inside diameter 2 in.
*ioqle tube used until the measured TD
equaled constructed TD. 12. Backfill material (below filter pack):

Date: 10/01/02, 10/03/02, and 10/04/02 0 None 0l Other

13. Centralizers: 0 No El Yes
Static water level >24hr. after development If yes, Type/material

Date Time Level below TOC Number
10/11/02 1012 21.59 Depth(s)

Comments

Driller: Funkee Drilling Inspector: Nathan Watson

Discrepancies: Checked by: bi f CJAvOLn Date: /O/ilr1i.



Well Development Form Page 1 of __

Project Number: _____ _Well Number: - -- -.- -

Project Information Elevation of Well

Facility Name: "_(_ _ I Ground Surface Elevation (GS):

Location: N E Top of Casing Elevation (TOC): "...

Well Information Well Volume Caylatlon + , -A,
Date Well Installed: ... -m "  

3 1

Total Depth of Well: 3 ,. Le t feet from 1 .. _-zl I? I

Depth to Top of Screen: I r. . cc 5 feet from '-.& •.- _,_.

Length of Casing Screened: 5 o feet 1 well volume (gallons) initial height of ( x 00408 x (casing diameter

Type of Formation Screened: 4 AgI-i __ ,

Well Development Method Description: ___

Equipment: -v J- L . j /, Method Description:r\," -CA -

Surge Bail Icl,0 %

Airlift Pump (A- . .... ....... -_..........

Observations During Well Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Iiemarks
Dpte Time Water' (ft) Depth* (ft) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odor, etc.)

tolI 15o5 2-\.1 " 31 5 11 -, 7,4 1-57 > I oo .

;A f) - _I6O q. 71- -o Io. o __

____ __ _90 o D , l O 45..

-~~~ - ~10 q z 120D _

4 A {, iL _..6 71!2 , 1 ,............
__ 9z1P-I ,...15 1' -___ ___11 ...

Ito/ 175o l o ,?,

I.]q 75 .31. _ 3 .o -.........

_ _ __-,O , '% 9 I .1 I .I".,.

From TOC unless otherwise noted in Remarks 2i051HO1l Fom W(f) KC-i I



Well Development Form (continuation) Page 2  of

Project Number: Q--7g-7ej A-. .......

ObservationsDuring Well Development - ---- ---

Depth to Total Ftuid Removed_ Temp. pH S.C. Turbidity Fluid Appearance andt Remarks

Date/ Time Water* (ft) Depth' (it) Gallons -Total- (degrees F) (units) (S/cm) (NTU) (color, odoi, e .tc.)

/L2~LS H'_ _ _ -- _ _ _ S Ik_ J81 L 21 ~I . ..

_____________~- -__ _ ---------- ----- . .-.

-- ________________________________ ~ ~ ~ ~ ~ ~ --- ---------- - . - . - ______ - - . - - - . - ~ - - .

From TO( otherwise noted in Remarks 051801 WCD.)KC-;-hi-



Monitoring Well DCF02-44c



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-44c Well Location: Island
Installation Start (Date/Time): 09/11/02 Completion (Date/Time): 09/27/02

Well casing, top elevation 1061.01 ft. msl 1. Cap and Lock? 0Yes [-No

Land surface elevation 1058.8 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.
b. Length 5ft.

Top View c. Material Metal
0 I d. Weep hole location/size:

1/8". 1/2" off concrete pad
e. Add. protection? 0Yes []No

C - - -- 3. Pad type/dimensions: 3' x 3' x 4
Side View it1 M11117'1. 11-1ZIPi

S1, ' liIi lii I I 1I " 4. Surface Seal: 0 Concrete E_fl 'II=II lMii1_
-l I'III 5. Material between well casing and

"11---III == d 11 iii protective cover: concrete to surface,
,I 11sand to 1" below TOC

Sketch of Surface Comoletion 11 III -
Sehfuaeo i 6. Annular seal: l Granular bentonite

[ Bentonite slurry
Annular seal, top 3.0 ft bgs / 1055.8 ft msl 0 Bentonite-cement-E l-O t h e r _l_ _o_ _e r

Bentonite seal, top 20.0 ft bgs / 1038.8 ft msl 7. Bentonite seal: 0l Granular bentonite
[ Bentonite pellets inch
0 Bentonite chips 3/8 inch

Fine sand, top N.A ft bgs / 0.0 ft ms El Other
llll "8. Fine sand: Manufacturer, name, & size

Filter pack, top 26.0 ft bgs / 1032.8 ft msl 8. Finesad:_Manfacturename&siz

Volume added lbs.

Screen joint, top 32.3 ft bTOC / 1028.7 ft msl 9. Filter pack: Manufacturer, name, & size
Oqlebay Norton, silica, 20-40
Volume added 150 lbs

Bottom of end cap 42.3 ft bTOC / 1018.7 ft msl
10. Well casing:

Type Schedule 40 PVC
Filter pack, bottom 40.0 ft bgs / 1018.8 ft msl Manufacturer Environ Manufacturinq

Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 40.0 ft bgs / 1018.8 ft msl
11. Screen material.

77 Type Schedule 40 PVC
Development: Manufacturer Environ Manufacturinai

Method: Suroed well for 2-3 min. per foot of Slot size 0.020 in.
screen. Placed pump on bottom and Outside diameter in.
removed silt and water until <30 NTUs. Inside diameter 2 in.
Later a Higle tube used until the measured --

TD equaled constructed TD. 12. Backfill material (below filter pack):
Date: 10/01/02, 10/03/02, and 10/04/02 0 None El Other

13. Centralizers: 0 No El Yes

Static Water level >24hr. after development If yes, Type/material
Date Time Level below TOC Number
10/11/02 1013 21.47 Depth(s)

Comments

Driller: Funkee Drillinq Inspector: Nathan Watson

Discrepancies: Checked by: /o/'-/y, 2- Date: A//" C.4 vt&,.



Well Development Form Page 1 ot

Project Number: Q 7q M Well Number: ,/F- O, -

Project Information Elevation of Well

Facility Name: N E Ground Surface Elevation (GS):

Location: N Top of Casing Elevation (TOC): "

Well Information .. Well Volume Calculation lj r, . 77 -3 At,-.c- .

Date Well Installed: ?//0 i __ _"__"7 _x 3' 3
Total Depth of Well: qL,2. " feet from T, .-

Depth to Top of Screen: " __- feet from 6h(-1 Z7 FLength of casing Screened: lO,0feet f.... .0 ,

Legth of rain Screened: - fe1 well volume (gallont -ater column (ft) x 0.0408 x (casing diameter (i))2
Type of Formation Screened: t-

Well Development Method

Equipment: + Method Description: MAI 3.. ,. . i 7Q _

Surge Bailf
Airlift Pump _ _' _ _ ' _ __ __ __ _ _............... . ..........

Observations During Well Development .......

t ,Opth to Total Fluid Removed Temp.. pH S.C. Turbidity Fluid Appearance and RItemarks
DPte Time Wrterf (ft) (ft) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odor, etc.)

-7II03 Tht1 iL 0 0 53 7* 1630 >1070_V O 115 0:o' 1(p~ LO I Af,
10 165: (0.- q 11P2/o -16.L2 o0( 0 (05 1 5 W ' O

I.7,. 1,/1 0 C). 2- 2, 06,7 >
_ _0 5 t ._ . ... __ _

OS _ _ 5 9D 7-S~i _ _

I~O5 Lo 4 ,V 72 ±q~ 15A±Lo

___1_ __ 35 1q LS/
_ _ _ _ 5 _ _'-_ _ 7 ISo p ,

From TOC unless otherwise noted in Remarks W) 18(1 l1,f W(A)KC G I



Well Development Form (continuation) Page __ of _

FProject Number: ____/__ _____....... Well Number: __ __ "_ ___ _,ti___..__--- Ii

Observations During Well Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
D te Time Water* (It) Depth* (It) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odor, etc.)

to/ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~~~~. .3 ..... .2 .../ l<_. _7./_l < , .........

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

Fom TOt otherwise noted in Remarks N' HO '.(' J(D-K( ti:!



Monitoring Well DCF02-45a



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-45a Well Location: Island
Installation Start (Date/Time): 09/06/02 Completion (Date/Time): 09/25/02

Well casing, top elevation 1062.26 ft. msl 1. Cap and Lock? 0Yes []No

Land surface elevation 1060.0 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.
b. Length 5 ft.

Top View O c. Material Metal
d. Weep hole location/size:

1/8". 1/2" off concrete pad
e. Add. protection? ZYes ONo

il ll _3. Pad type/dimensions: 3' x 3' x 4"
Side View

1111 i I--Il ; lN 1111 111---" 4. Surface Seal: I Concrete 0[II II t~~~ill - lll =  I l ll --- li-1\ II -=_ ___-_ _-_ __ ___-__ __-,'__

Ii IIT IIII- III1 5. Material between well casing and
=1, lll M iIII protective cover: concrete to surface,

sand to 1" below TOC
Sketch of Surface Corpletion 11ll

6. Annular seal: 0 Granular bentonite
C Bentonite slurry

Annular seal, top 2.0 ft bgs / 1058.0 ft msl 0 Bentonite-cemento Other

Bentonite seal, top 4.0 ft bgs / 1056.0 ft msl 7. Bentonite seal: 0 Granular bentoniteo Bentonite pellets inch
0 Bentonite chips 3/8 inch

Fine sand, top NA ft bgs / 0.0 ft msl l Other

8. Fine sand: Manufacturer, name, & size
Filter pack, top 1.5 ft bgs / 1049.5 ft msl ____Volume ___added___Ibs._

Volume added lbs.

Screen joint, top 15.9 ft bTOC / 1046.4 ft msl 9. Filter pack: Manufacturer, name, & size
Oalebay Norton, silica, 20-40
Volume added 400 lbs

Bottom of end cap 30.9 ft bTOC / 1031A ft m sl 
Voum 10. W ell

10. Well casing:
Type Schedule 40 PVC

Filter pack, bottom 28.5 ft bgs / 1031.5 ft msl Manufacturer Environ Manufacturinq
Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 28.5 ft bgs / 1031.5 ft msl
11. Screen material:

Type Schedule 40 PVC

Development: Manufacturer Environ Manufacturing

Method: Suraed well for 2-3 min. er foot of Slot size 0.020 in.
screen. Placed pump on bottom and Outside diameter in.
removed silt and water until <30 NTUs and Inside diameter 2 in.
the measured TD equaled constructed TD.

Date: 10/01/02 12. Backfill material (below filter pack):
Z None 0l Other

Static water level >24hr. after development 13. Centralizers: 0 No [ Yes
Date Time Level below TOC If yes, Type/material

10/11/02 0916 23.02 Number
Depth(s)

Comments Added seven gallons of water while placing sand.

Driller: Funkee Drilling Inspector: Nathan Watson

Discrepancies: Checked by: L .1 .. Date: ,o/,10 2.



Well Development Form Page 1 of

Project Num ber: A 7 ........... _ W ell Num ber: _ -  -.. . . . . .. .. .. . . .

Project Information Elevation of Well

Facility Name: --- Ground Surface Elevation (GS): .

Location: N E Top of Casing Elevation (TOC):

Well Information Wed Iculation 7
Date Well Installed: O/-

7

Total Depth of Well: $1. ?j feet from - c, . ,q7 ./63 1, 13t,,, X5,
Depth to Top of Screen: (' y feet from

Length of Casing Screened: 1$. (.I feet 1 well volume (gallons) = initial height of water, column (ft) x 0.0408 x (casing diameter (in))2

Type of Formation Screened:

Well Development Method

Equipment: / a1- 2 S A. Method Description: 3 n, , / -foo ......
Surge Bail I_ _ _ _ _" _ " ! -.

Airlift Pum p ...... -----

Observations During Well Development .....

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks

Date Time Water* (ft) Depth* (ft) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odor, etc.)
OF__ _._5_5 36 3S (. 7.7 /lKhT2/ d ,...

0_1_ tc o K. -7 ;L i NO D

obio1 14 U io 155 7,- '5 1 5o 1-4

From TOC unless otherwise noted in Remarks 051801 t hi WC DK(; 1; 1



Monitoring Well DCF02-45c



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-45c Well. Location: Island
Installation Start (Date/Time): 09/09/02 Completion (Date/Time): 09/25/02

Well casing, top elevation 1062.35 ft. msl 1. Cap and Lock? ZYes [INo

Land surface elevation 1060.1 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.

TVb. Length 5 ft.
Top View c. Material Metal

O d. Weep hole location/size:
1/8". 1/2" off concrete pad

e. Add. protection? [Yes I]No

0I - Ilil - - 3. Pad type/dimensions: 3' x 3' x 4"

Side View" -I/- l II-ll t J i I ll 11'VIlew 1111 -=li = ili 1111 4. Surface Seal: 0 Concrete El

Mll ll Mli iill'
ll IIII liII 5. Material between well casing and

[l 1 M Jill protective cover: concrete to surface
"= IIli J ill - 'sand to 1" below TOC

Sketch of Surface Completion 1111 snt1bewT
ll Jl-" 6. Annular seal: El Granular bentonite

0 Bentonite slurry

Annular seal, top 2.0 ft bgs / 1058.1 ft msl 0 Bentonite-cement
El Other

Bentonite seal, top 32.0 ft bgs / 1028.1 ft msl 7. Bentonite seal: [ Granular bentonite
- " Bentonite pellets inch
0 Bentonite chips 3/8 inch

Fine sand, top NA ft bgs / 0.0 ft msl 0l Other

8. Fine sand: Manufacturer, name, & size

Filter pack, top 36.0 ft bgs / 1024.1 ft msl 8._Fneand:Manfactrernam,_&siz

Volume added lbs.

Screen joint, top 42.0 ft bTOC / 1020.3 ft msl 9. Filter pack: Manufacturer, name, & size
Oqlebay Norton, Silica 20-40
Volume added 50 lbs

Bottom of end cap 52.0 ft bTOC / 1010.3 ft msl
10. Well casing:

Type Schedule 40 PVC
Filter pack, bottom 50.0ft bgs / 1010.1 ft msl Manufacturer Environ Manufacturing

Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 50.0 ft bgs / 1010.1 ft msl
11. Screen material:

Type Schedule 40 PVC
Development: Manufacturer Environ Manufacturing

Method: Surqed well for 2-3 min. per foot of Slot size 0.020 in.
screen. Placed pump on bottom and Outside diameter in.
removed silt and water until <30 NTUs. Later Inside diameter 2 in.
iigqle tube used until the measured TD
equaled constructed TD. 12. Backfill material (below filter pack):

Date: 09/30/02 and 10/04/02 0 None 0l Other

13. Centralizers: 0 No El Yes

Static water level >24hr. after development If yes, Type/material

Date Time Level below TOC Number
10/11/02 0915 23.16 Depth(s)

Comments Added 20 gallons of water prior to removing auger pluq to try and keep sand from heaving.

Driller: Funkee Drillinq Inspector: Nathan Watson

Discrepancies: Checked by: 11Z n' Cts,,, Date: /o/ n.,r/2



Well Development Form Page 1 of /.
Project Number: j_ I Well Number: -- 0 ,i - -
Project Information Elevation of Well

Facility Name: 'D- 4 Ar Ground Surface Elevation (GS): ------

Location: N E Top of Casing Elevation (TOC):

Well Information __ _Well Volume Calculation
Date Well Installed: -- sq -7- __...

Total Depth of Well: 4, -" -- feet from

Depth to Top of Screen: q, LVL feet from
Length of Casing Screened: feet I well volume (gallons) = initial height of water column (ft) x 0.0408 x (casing diameter (it w:,
Type of Formation Screened:A------

Well Development Method
Equipment: . +./i- jjj Lj Method Description: 9L( pk-\ -

S u rg e B a il .:r

Airlift Pump-

Observations During Well Development

Depth to Total Fluid Reioved Temp. pH S.C. Turbidity Fluid Appearance and Henmirks
Date Time Water* (fi) Depth* (ft) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odor, etc

7 5 -kpO ,, iZ. o .
_ _ _.__ _ aY /, ' j2.:, L / ..... i.. . ... .......1 1 7 .3. , i , - - >. . . . .

x1# 5 _,.
115"/ -- 10 9 -7-1(e-5-D- T "7 O "21 _.Ilh, 56. "? I1V27o .,W,

b_ 5 1,__ _ _ _ _ ___i5 ,5 , ,i. IZ 4 o 1. .. . . .

i -I - - - -
From TOC unless otherwise noted in Remarks 

(1 518*01 FiiriWI). Wt KC t,,

127JI1



Monitoring Well DCF02-46a



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-46a Well Location: Island
Installation Start (DatelTime): 09/13/02 Completion (Date/Time): 09/27/02

Well casing, top elevation 1067.40 ft. msl 1. Cap and Lock? ZYes GNu

Land surfade elevation 1065.0 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.
b. Length 5 ft.

Top View I c. Material Metal
O I d. Weep hole location/size:

1 1/8". 1/2" off concrete pad
e. Add. protection? 0Yes GNo

S o = =_ = 3. Pad type/dimensions: 3'x3'x4"

Side View l iii iii II -III - I
l1111-111-l111 lI _ 1111 I" 4. Surface Seal: 0 Concrete El__,,i ii ,i,,,ilii__ ,,,

l l UI -- 5. Material between well casing and

' III- II --It protective cover: concrete to surface,
l Ilii -sand to 1" below TOCSkth oSuaC 1Detion ill M,

6. Annular seal: 0 Granular bentonite

0 Bentonite slurry

Annular seal, top 20 ft bgs / 1063.0 ft msl 0 Bentonite-cement
0 Other

Bentonite seal, top 12.0 ft bgs / 1053.0 ft msl 7. Bentonite seal: El Granular bentonite
o Bentonite pellets inch
0 Bentonite chips 3/8 inch

Fine sand, top NA ft bgs / 0.0 ft msl [ Other

8. Fine sand: Manufacturer, name, & size

Filter pack, top 16.5 ft bgs / 1048.5 ft msl ...
Volume added lbs.

Screen joint, top 21.0 ft bTOC / 1046.4 ft msl 9. Filter pack: Manufacturer, name, & size
Oalebav Norton, silica, 20-40
Volume added 400 lbs

Bottom of end cap 36.0 ft bTOC / 1031.4 ft msl
10. Well casing:

Type Schedule 40 PVC

Filter pack, bottom 35.0 ft bgs / 1030.0 ft msl Manufacturer Environ Manufacturing
Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 35.0 ft bgs / 1030.0 ft msl
11. Screen material:

Type Schedule 40 PVC

Development: Manufacturer Environ Manufacturing

Method: Suraed well for 2-3 min. per foot of Slot size 0.020 in.

screen. Placed pump on bottom and Outside diameter in.

removed silt and water until <30 NTUs and Inside diameter 2 in.
the measured TD equaled constructed TD.

Date: 10/02/02 12. Backfill material (below filter pack):
0 None 0 Other

Static water level >24hr. after development 13. Centralizers: 0D No 0l Yes

Date Time Level below TOC If yes, Type/material

10/11/02 1010 27.82 Number
Depth(s)

Comments Added 8 gallons of water to hydrate bentonite seal.

Driller: Funkee Drilling Inspector: Nathan Watson

Discrepancies: Checked by: IV/ Ct,, Date: /o//.i 2.



Well Development Form r.lge 1 of

Project Number: Well Number: C - -

Project Information Elevation of Well

Facility Name: Ground Surface Elevation (GS):

Location: N E Top of Casing Elevation (TOC):
W ell Inform ation "l Volume ................. &at.
Date Well Installed: Well Volum . /

Total Depth of Well: f teet from .20 .. 2 C

Depth to Top of Screen: 2/. 9;'- feet from r]) 0 er. O

Length of Casing Screened: t . (93 feet .1 well volume (gallons) = initial hc n (ft) x 0,0408 x (casing diameter (in))2

Type of Formation Screened: ,.-

Well Development Method

Equipment: VO ,.. Method Description: 1'1.

Surge Bao 0  X- % 4! L e 4 k'4-r_ &. . . .

Airlift Pump _ _ _ I I 0-

Observations During Well Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance amld Remarks
Date Time Water* (ft) Depth (ft) _ _____ - " (degrees F) (units) (S/cm) (NTU) (color, odor, etc.)

o 1/0 le i~~II (P. 4 t.- e74 /P m2I >Th
MO _ _i 69_ ,I_/,1_o _ a _

1> o 0 /v ,.-- /3- 2-0 . ...........

_ I_ _ / 13_20

From TOC unless otherwise noted in Remarks 0511() 1. WCD-K(C-;- I



Monitoring Well DCF02-46c



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-46c Well Location: Island
Installation Start (Date/Time): 09/16/02 Completion (Date/Time): 09/27/02

Well casing, top elevation 1067.10 ft. msl 1. Cap and Lock? OYes -INo

Land surface elevation 1065.0 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.

To iwb. Length 5 ft.
Top Viewc. Material Metal

0 d. Weep hole location/size:
1/8". 1/2" off concrete pad

e. Add. protection? [EYes nNo

S o H = M I 3. Pad type/dimensions: 3' x 3' x 4"
S ide V ill III N [I111 1 M 11I 11 II lll I II --- Il - 1

III 1=II I %11 I 1111 III PI . 4. Surface Seal: 0 Concrete l- _= ill ----- III -- llIIII -- III -I_ =
= llll-- IIII!II -r ill --= '

IIII- II II -- I5. Material between well casing and

'I -- IIIII protective cover: concrete to surface,
'* -----IIIIi '=IIII- 'sand to 1' below TOC

SkechofSufae om letion IIII E= III -- 1,
Sc o6. Annular seal: El Granular bentonite

El Bentonite slurry

Annular seal, top LO ft bgs / 1063.0 ft msl 0 Bentonite-cement
- Other

Bentonite seal, top 36.5 ft bgs / 1028.5 ft msl 7. Bentonite seal: El Granular bentonite
o Bentonite pellets inch
0 Bentonite chips 3/8 inch

Fine sand, top NA ft bgs / 0.0 ft msl El Other_

8. Fine sand: Manufacturer, name, & size

Filter pack, top 41.0 ft bgs / 1024.0 ft msl 8. _Fne _and:Manfactrer _nam ,_&siz

Volume added lbs.

Screen joint, top 45.4 ft bTOC / 1021.7 ft msl 9. Filter pack: Manufacturer, name, & size
Oalebay Norton, silica, 20-40
Volume added 50 lbs

Bottom of end cap 55.4 ft bTOC /1011.7 ft msl
10. Well casing:

Type Schedule 40 PVC

Filter pack, bottom 54.0 ft bgs / 1011.0 ft msl Manufacturer Environ Manufacturing
Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 54.0 ft bgs / 1011.0 ft msl
11. Screen material:

Type Schedule 40 PVC

Development: Manufacturer Environ Manufacturing

Method: Suroed well for 2-3 min. per foot of Slot size 0.020 in.

screen. Placed oumo on bottom and Outside diameter in.

removed silt and water until <30 NTUs. Inside diameter 2 in.

Later oumoed until the measured TD
eaualed constructed TD. 12. Backfill material (below filter pack):

Date: 10/02/02 and 10/04/02 0 None 0l Other

13. Centralizers: 0 No 0l Yes

Static water level >24hr. after development If yes, Type/material

Date Time Level below TOC Number

10/11/02 1009 27.52 Depth(s)

Comments Added 10 gallons of water while placing sand.

Driller: Funkee Drilling Inspector: Nathan Watson

Discrepancies: Checked by: A/ Al.f Cnd'., Date: ///SO2,



Well Development Form Page 1 ofl- _

Project Number: Well Number: (A. - - ____ li-
Project Information Elevation of Well
Facility Name: . Ground Surface Elevation (GS):

Location: N E Top of Casing Elevation (TOC):

Well Information I, -SAI - _ _l__V_ _ll"/Cculatl__-_ LI "/1,!
Date Well Installed: -_ _ _ _ _ _ _ _ _"- 7 ,37 "7

Total Depth of Well: "(g, j I feet from /-L. " 7'o ,/ T P, ,
Depth to Top of Screen: 4&- 11 feet from "2hf"'7 7?7 (".zzj o- "rA
Length of Casing Screened: I 0,p feet Z""?70 gC >
Type of Formation Screened: 1 well volume (ga'l'ts) - t k ti of water column (ft) x 0.0408 x (casing diamet, :,

Well Development Method
Equipment: -- o V.J L- ,  Method Description: ... .........................

Surge 6 ail
Airlift Puin.. .

Observations During Well Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water" (ft) Depth* (ft) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odoi, etc.)

1, "9 0 /op f-1o -71 11,30 -7 IM--

\2:C) __ __ 1Q .A5~ le5o . lq ?c- .-............. .. .

~2Lzo - . _-_ __ _ 5-7J ~ z~~uo ~ ---

I)\0 ._~__ 5 , 15,V 7 W5 > ....
_-2_ _C)5 1-6-, "o, I_,,O L, I14 -0

_ _ _ _ ' / . &,- . /,/Vo ,S-o L ... ............3300 10, 1
_ \_3\0. 15i7 , > I1 7 7 ..

INoo  5 5's 15,3 (1 I 5-1-k...

Iql ~~T1 '~ 2&pIO,3 L.q Is ; 7..

Fiom TOG unless otherwise noted in Remarks I,, I 1,,i i V ) K;



Well Development Form (continuation) Page of

Project Num ber: _ _7_ _ __.....__W ellNumber: Z?--I -----------------_-
Observations During Well Development . .. ... ..

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Reinarks

Date Time Water* (ft) --qj ,yepth* (ft) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odor, etc.)

_ _"_ _... ... . . ....

LL" _.......

_____ A2 L~c~ 2 11 O_ _ _ _i. o, 16 0 /<- ...................... ...
I .% 8 o ~~~ ~~ ~ ! .. .1 .5 _ = _ _ _ 7 1 ! ))_, . . .. .. . . .......... ..

.~ ~... . .... ........

F m O ;t r oe nR rsI vc K . ... '...... .

From TO( otherwise noted in Remarks 0!, 1 w I WV(D-KC fi.?



Monitoring Well DCF02-47a



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-47a Well Location: Island

Installation Start (Date/Time): 09/17/02 Completion (Date/Time): 09/24/02

Well casing, top elevation 1063.18 ft. msl 1. Cap and Lock? OYes ElNo

Land surface elevation 1060.7 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.
b. Length 5 ft.

Top View c. Material Metal
d. Weep hole location/size:

1/8". 1/2" off concrete pad
e. Add. protection? 0Yes EDNo

Side 411 M I M 3. Pad type/dimensions: 3' x 3' x 4"

id e w - - III III -I l -1 I 1
DII _ Iii _ li= I 'll I~ 4. Surface Seal: 0 C nrt l_ _

N IIII --Ill-II -=- III-E "
I Q 1111 III ---- III, 5. Material between well casing and

',III = il _ i1 protective cover: concrete to surface
1,1l i -=-sand to 1" below TOC

Sketch of Surface Completion 1
__ __ _ __ _ __ __ _ __ _ __ _ill: "Il"

6. Annular seal: El Granular bentoniteEl Bentonite slurry

Annular seal, top 2.0 ft bgs / 1058.7 ft msl 0 Bentonite-cement
0l Other

Bentonite seal, top 10.0 ft bgs / 1050.7 ft msl 7. Bentonite seal: [ Granular bentonite
[ Bentonite pellets inch
0 Bentonite chips 3/8 inch

Fine sand, top NA ft bgs / 0.0 ft msl El Other

8. Fine sand: Manufacturer, name, & size
Filter pack, top 13.0 ft bgs / 1047.7 ft msl I

Volume added lbs.

Screen joint, top 18.6 ft bTOC / 1044. ft msl 9. Filter pack: Manufacturer, name, & size
Oqlebay Norton, silica. 20-40
Volume added 350 lbs

Bottom of end cap 33.6 ft bTOC / 1029S ft msl
10. Well casing:

Type Schedule 40 PVC
Filter pack, bottom 33.0 ft bgs / 1027.7 ft msl Manufacturer Environ Manufacturinq

Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 33.0 ft bgs / 1027.7 ft msl
11. Screen material:

Type Schedule 40 PVC
Development: Manufacturer Environ Manufacturinq

Method: Suraed well for 2-3 min. per foot of Slot size 0.020 in.
screen. Placed pump on bottom and Outside diameter in.
removed silt and water until <30 NTUs and Inside diameter 2 in.
the measured TD equaled constructed TD.

Date: 10/03/02 12. Backfill material (below filter pack):
0 None 0l Other

Static water level >24hr. after development 13. Centralizers: 0 No El Yes
Date Time Level below TOC If yes, Type/material
10/11/02 0948 23.78 Number

Depth(s)

Comments Eight gallons of water added to hydrate bentonite seal.

Driller: Funkee Drilling Inspector: Nathan Watson

Discrepancies: Checked by: /V Wt- CU",p/, Date: /O/,J'o2..



Well Development Form Page 1 of

Project Number: 6 77/ _ _ _ _ Well Number: ") _._-- -

Project Information Elevation of Well
Facility Name: DC.FA Ground Surface Elevation (GS): _

Location: N E Top of Casing Elevation (TOC):

Well Information V__ volume Calculation , - .
Date Well Installed: .____,________ _ 7_._ ._. .. o
Total Depth of Well: feet from -r U 7 6 I 'to-of...... ;)Iz6 0 7. ?s>6."
Depth to Top of Screen: I. I 1 ,70feet from T'. " ' 60 C,

Length of Casing Screened: , feet 1 well volume " "ght of water column (ft) x 0.0408 x (casing diameter 0ii)'
[Type of Formation Screened: %A~ 4Q__________________ - ______________________ _____

Well Development Method

Equipment: fav.tD 4- s g .. , Method Description: ',r W- k/ , 'u l(, C A, n

Surge BailW

Airlift Pump ___ 9

Observations During Well Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and hem~aks
Dte Time Watei' (ft) Depth* (ft) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odor etc.)

/5A 5 7 .1 _ _ ,o T q -Or >I coo.....

1-110 " to ~ ~?0 /SI 7. 7 ,.3 -, F.--,. ,l ................__Inv r. _

_"_!___ / 2Q "I -10 ,0.3 'q,oo, 1

17L. 0 "0 1 lo 14,1 6 2.2, _1, ,,

From TOC unless otherwise noted in Remarks (i t I itin WCi)-KC 6



Monitoring Well DCF02-47c



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-47c Well Location: Island
Installation Start (Date/Time): 09/18/02 Completion (DateTime): 09/24/02

.Well casing, top elevation 1062.86 ft. msl 1. Cap and Lock? SYes [No

Land surface elevation 1060.8 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.
b. Length 5 ft.

Top View c. Material Metal
0'd. Weep hole location/size:

1/8". 1/2" off concrete pad
e. Add. protection? OYes [No

0 a = = 3. Pad type/dimensions: 3' x 3' x 4"
Side View III -- I l l II Ill'

l - IIII---ll . -1111--1111 - I " 4. Surface Seal: 0 Concrete EJ
l IIIINI III 1I0 111] I ' -

IIII II IIII III IIII 5. Material between well casing and

, i11 = I1 IIII protective cover: concrete to surface.
' ---- Ill == 111 -= 'sand to 1" below TOC

Sketch of Surface Comoletion I11 sadtI" eo O

6. Annular seal: 0 Granular bentonite
EJ Bentonite slurry

Annular seal, top LO ft bgs / 1058.8 ft msl 0 Bentonite-cement
0 Other

Bentonite seal, top 32.0 ft bgs / 1028.8 ft msl 7. Bentonite seal: 0 Granular bentonite
El Bentonite pellets inch
0 Bentonite chips 3/8 inch

Fine sand, top NA ft bgs / 0.0 ft msl 0 Other

8. Fine sand: Manufacturer, name, & size

Filter pack, top 36.0 ft bgs / 1024.8 ft msl 8. _Fne _snd: _anufcturr,_nme, __siz

Volume added lbs.

Screen joint, top 42.4 ft bTOC / 1020. ft msl 9. Filter pack: Manufacturer, name, & size
Oglebay Norton, silica, 20-40
Volume added 50 lbs

Bottom of end cap 52.4 ft bTOC / 1010. ft msl
10. Well casing:

Type Schedule 40 PVC

Filter pack, bottom 50.0 ft bgs / 1010.8 ft msl Manufacturer Environ Manufacturing
Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 50.0 ft bgs /1010.8 ft msl
11. Screen material:

Type Schedule 40 PVC

Development: Manufacturer Environ Manufacturing

Method: Suroed well for 2-3 min. per foot of Slot size 0.020 in.

screen. Placed pump on bottom and Outside diameter in.

removed silt and water until <30 NTUs and Inside diameter 2 in.

the measured TD eaualed constructed TD.
Date: 10/03/02 12. Backfill material (below filter pack):

0 None E0 Other

Static water level >24hr. after development 13. Centralizers: 0 No EJ Yes

Date Time Level below TOC If yes, Type/material

10/11/02 0950 23.45 Number
Depth(s)

Comments Sixty gallons of water added to kepp sand from heaving.

Driller: Funkee Drillinq Inspector: Nathan Watson

Discrepancies: Checked by:4' nCit'-,, Date: /l/olio 2.



Well Development Form Page 1 of .

Project Number: 7 7 _'_ _ _Well Number: - - l

Project Information Elevation of Well

Facility Name: -L>CfA- Ground Surface Elevation (GS):

Location: N E Top of Casing Elevation (TOC):
Well Information ......_Well Volume Calculati4r  3 _ /__ _-

Date Well Installed: 
Y.2 3__

Total Depth of Well: 5. 5 tet from To-_
Depth to Top of Screen: 14o . 51 feet from -- ---- 

6y, 3&) e
Length of Casing Screened: 1o feet I well volume (gallon )t water column (It) x 0.0408 x (casing diameter (m1)2

Type of Formation Screened: -__,_2_-.

Well Development Method ________

Equipment: kj - A, W j C- Method D

Surge Ba I, -- 044"a t(41 h..

Airlift Pump I'- i ._ .. I .

Observations Durw Well Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Hemarks
ate Time Water" (It) Depth* (ft) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odor, etc.)

Io o 5- 2':L_ _ .________J. ,7- J .o >o/ *=,_

Pat IL Galn TotltaI1

)5 5;O 2 6 1 7 o _ ' _ _ ,-f 3 1_0 _ _ - - -

1 0 15 s q -" "p .. . .. 7,t 0= ...... ',
,_2 100 (,-/ I 2(0 ,4L,o~ ~ ~~1 ,(0 .................
(0q 1 q . .- 95....-- -----

Fo C&or notednRemi------k-- ----- .

From TOC unless otherwise noted in Remarks 1111I VC)K-1



Monitoring Well DCF02-48a



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-48a Well Location: Island
Installation Start (Date/Time): 09/19/02 Completion (Date/Time): 09/24/02

Well casing, top elevation 1059.49 ft. msl 1. Cap and Lock? 0Yes ENo
Land surface elevation 1057.0 ft. msl 2. Protective cover:

a. Inside Diameter 4 in.

b. Length 5 ft.
Top View c. Material Metal

I d. Weep hole location/size:
1/8 , 1/2" off concrete pad

e. Add. protection? NYes ONo

0 0 = = __3. Pad type/dimensions: 3'x3'x4"
S ide V iew" 1 iil Il III T % IIII IIIl

-- III -----I 1 -- II -- llll--ti - 4. Surface Seal: 0 Concrete E] __
'II - I Ill III iIII i - i1_

IIII ---- III -- I5. Material between well casing and
,ll 1112 - I 1 III protective cover: concrete to surface.

HUll iII sand to 1" below TOC
Sketh ofSurace ompetion I~t . I ll---i

6. Annular seal: D Granular bentonite

o Bentonite slurry
Annular seal, top LO ft bgs / 1055. ft msl 0 Bentonite-cemento Other_

Bentonite seal, top LO ft bgs /1053.0 ft msl 7. Bentonite seal: E0 Granular bentonite
[ Bentonite pellets inch
[0 Bentonite chips 3/8 inch

Fine sand, top NA ft bgs / 0.0 ft msl 0 Other.

8. Fine sand: Manufacturer, name, & size
Filter pack, top 10.3. ft bgs / 1046.7 ft msl

Volume added lbs.

Screen joint, top 15.5 ft bTOC / 1044. ft msl 9. Filter pack: Manufacturer, name, & size
Oqlebay Norton, silica, 20-40
Volume added 350 lbs

Bottom of end cap 30.5 ft bTOC /1 021. ft msl
10. Well casing:

Type Schedule 40 PVC

Filter pack, bottom 28.0 ft bgs / 1029.0 ft msl Manufacturer Environ Manufacturing
Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 28.0 ft bgs / 1029.0 ft msl
11. Screen material:

Type Schedule 40 PVC
Development: Manufacturer Environ Manufacturina

Method: Suraed well for 2-3 min. per foot of Slot size 0.020 in.
screen. Placed pump on bottom and Outside diameter in.
removed silt and water until <30 NTUs and Inside diameter 2 in.
the measured TD equaled constructed TD.

Date: 10/04/02 12. Backfill material (below filter pack):
0 None D Other

Static water level >24hr. after development 13. Centralizers: 0 No 0 Yes
Date Time Level below TOC If yes, Type/material
10/11/02 0942 20.22 Number

Depth(s)

Comments Five aallons of water added to hydrate bentonite.

Driller: Funkee Drilling Inspector: Nathan Watson

Discrepancies: Checked by: Z# 66VI4, , Date: /&'/7' 2.



Well Development Form Page 1 of ..

Project Number : ,27q 7c? wellNumber: &6. - ,(P bc
Project Information ] Elevation of Well
Facility Name: 1D C F4 Ground Surface Elevation (GS):

Location: N E Top of Casing Elevation (TOC):

Well Information . Well Volume CalculaoJn lo 3 /4147
Date Well Installed: +_,,_ _ 1-4_.,3 5_ X3
Total Depth of Well: feet7'j e tfrom IL ..- ... 3 1 0

Depth to Top of Screen: feet from 7'C- o
Length of casing Screened: C).O feet 5

eg of Cain screened: I. 1 well volume (gallons) = initi 'fg ler lumn (It) x 0.0408 x (casing diameturi lrm))2
Type of Formation Screened: L3,O , II,

Well Development Method --- ,---,

Equipment: a, I- \ o NJcAV .- , Methpd Description:, ., .-

Surge Bail CeO -C AocJ-
Airlift Pump - / j I _ .L-JL _ L ±o ,.L x. I-t

Observations During Well Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft) Depth* (ft) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odor, etc

zz~I/Hfti ILOo 2 ), ,_;,~~2'_. 5_, 13f j3.5 7 1 ,70o >IDoL

_ _ -X 5 '20, ILi 3o.-q7 P2 6 -5 14, F 7., i' Io . .i.o.
_ _ ,3L5 ____ 4l13 i{, 7, I Sr- / JI1

__ _ _ _ _5 .112 IIYAL 1fi *15Lv 121 _

______ _____ S~ C j~j~7. I~o 2~4 ___ ................t___1 _ 3o. q -1 5_ IqA 7. 1 Ar& 11. 3

From TOG unless otherwise noted in Remarks 0)5 01 komr VVCD)K( 6



Monitoring Well DCF02-48c



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-48c Well Location: Island
Installation Start (DatelTime): 09/20/02 Completion (Date/Time): 09/24/02

Well casing, top elevation 1059.44 ft. msl 1. Cap and Lock? OYes DINo

Land surface elevation 1056.9 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.
b. Length 5 ft.

Top View c. Material Metal
d. Weep hole location/size:

1/8". 1/2" off concrete pad
e. Add. protection? [DYes []No

S 0 3. Pad type/dimensions: 3x3' x4"
Side View ql--It II - I

--ll=lll--l | 11=III l'  4. Surface Seal: [ElConcrete 0"
II ~ ~ ~ f 111 11III -lll- IU ,_/IIII f IIII -- III1

1O Nu ~ 111 N 1 P5 .111I MII 11 11111 5. Material between well casing and
'ol == III 11 M iiiI protective cover: concrete to surface,

liii -II/ IIIII sand to 1" below TOC
Sketch om Aufc Oletion l I1

Stmei6. Annular seal: E0 Granular bentonite

o Bentonite slurry
Annular seal, top 2.0 ft bgs / 1054.9 ft msl 0 Bentonite-cemento Other

Bentonite seal, top 30.0 ft bgs / 1026.9 ft msl 7. Bentonite seal: [ Granular bentoniteo Bentonite pellets inch
0 Bentonite chips 3/8 inch

Fine sand, top N._A ft bgs / 0.0 ft msl 0 Other _

8. Fine sand: Manufacturer, name, & size
Filter pack, top 34.0 ft bgs / 1022.9 ft msl |__

Volume added lbs.

Screen joint, top 40.4 ft bTOC / 1019.0 ft msl 9. Filter pack: Manufacturer, name, & size
Oqlebay Norton, silica, 20-40
Volume added 150 lbs

Bottom of end cap 50.4 ft bTOC / 1009.0 ft msl
10. Well casing:

Type Schedule 40 PVC
Filter pack, bottom 47.0 ft bgs /1009.9 ft msl Manufacturer Environ Manufacturing

Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 47.0 ft bgs / 1009.9 ft msl
11. Screen material:

Type Schedule 40 PVC
Development: Manufacturer Environ Manufacturinq

Method: Surged well for 2-3min. per foot of Slot size 0.020 in.
screen. Placed pump on bottom and X Outside diameter in.
removed silt and water until <30 NTUs and Inside diameter 2 in.
the measured TD equaled constructed TD.

Date: 10/04/02 12. Backfill material (below filter pack):
0 None 0l Other

Static water level >24hr. after development 13. Centralizers: 0 No 0 Yes
Date Time Level below TOC If yes, Type/material
10/11/02 0943 20.17 Number

Depth(s)

Comments Fifteen gallons of water added while placing sand.

Driller: Funkee Drilling Inspector: Nathan Watson

Discrepancies: Checked by: 4y M/,,/ ta d.,# Date: /V//r-/D2



Well Development Form Page 1 of,

Project Number: 2797 ....__[Well Number: "L. F- ()?-- L,-,-, _.
Project Information Elevation of Well

Facility Name: 'D (FA Ground Suriace Elevation (GS):

Location: N E Top of Casing Elevation (TOC):

Well Information Well Volu-e Calculationill q/7
Date Well Installed: 3 1- __,_____" _- Il't 3
Total Depth of Well: 3 feet from 7" c --
Depth to Top of Screen: i-. 3 / feet from 7-& _ .--

______________ 3 feet from____ 30.17 40 1 I _

Length of Casing Screened: /0 0 [ _ feet 1 well volume (ga,,or I /j igh, of water column (it) x 0.0408 x (casing diameter (i,)).

Type of Formation Screened:

Well Development Method

Equipment: 2 t,/, - ' VV'C'.. Method Description .. ." - "Surg Bail

AiftPump _

Obs'el~ atlons During Well Development ...................

D..!pth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time W ler* (ft) Depth* (ft) Gallons Total (degrees F) (units) (S/cm) (NTU) (color, odor, etc.)ziif j1 -  I,;.rIZ e 13, 7- 7.5 1130 71 Don .....ID2 ' C ' '!20, .-1 5035 L40 -- CO

_ I? 2535 0 4 ,0 1 7/ lqo -1 OD
___ 5 5 7I1 flq L , . ? 540  >1'o0

_ _ _ _ J l D _ 5 ? G 5 _ 7 .6 ) I ~ l to _._ _. ....
____ __0 7 5 .. 7.0 io .1 7

_ _ _0 _ _ _d iq, i U~q 1 5 2 o I'... ...... ....

51 X

From TOG unles othe ne in, Rmro 03(4I

From TOC unle ss otherwise noted in Remarks [(1 0 180 t ..... WCIJ-K C-fi1



Monitoring Well DCF02-49a



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-49a Well Location: Island
Installation Start (Date/Time): 09/05/02 Completion (Date/Time): 09/27/02

Well casing, top elevation 1052.19 ft. msl 1. Cap and Lock? [Yes []No

Land surface elevation 1049.8 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.
b. Length 5 ft.

Top View c. Material Metal
d. Weep hole location/size:

1/8". 1/2" off concrete pad
e. Add. protection? ZYes DNo

Sid --_ 3. Pad type/dimensions: 3'x3'x4"
Side View "III _

__I1, I " 4. Surface Seal: 0 Concrete U _

lii- l- I I%---,,,5. Material between well casing and
-- i III ---- II " ,III ---- II ---- "." n

,III =
-I i 1 I111) protective cover: concrete to surface,

11--1 III sand to 1" below TOC
k t'c of S urfac C mDletion IIIl, lR 11 F

S h S c i 6. Annular seal: El Granular bentonite

I I Bentonite slurry
Annular seal, top ft bgs / 1049.8 ft msl 0[ Bentonite-cement

0 Other

Bentonite seal, top 2.0 ft bgs / 1047.8 ft msl 7. Bentonite seal: [ Granular bentonite
o Bentonite pellets inch

0 Bentonite chips 3/8 inch
Fine sand, top NA ft bgs 0.0 ft msl 0I Other

r p , tp 8. Fine sand: Manufacturer, name, & size
Filter pack, top 5.5 ft bgs / 1044.3 ft msl ___________________

Volume added lbs.

Screen joint, top 9.6 ft bTOC / 1042.G ft msl 9. Filter pack: Manufacturer, name, & size
Oalebay Norton. silica, 20-40
Volume added 150 lbs

Bottom of end cap 19.6 ft bTOC / 1032. ft msl
10. Well casing:

Type Schedule 40 PVC

Filter pack, bottom 18.5 ft bgs /1031.3 ft msl Manufacturer Environ Manufacturinq
Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 18.5 ft bgs / 1031.3 ft msl
11. Screen material:

Type Schedule 40 PVC

Development: Manufacturer Environ Manufacturinq

Method: Surged well for 2-3 min. per foot of Slot size 0.020 in.
screen. Placed pump on bottom and Outside diameter in.

removed silt and water until measusured TD Inside diameter 2 in.
eaualed constructed TD and <30 NTUs.

Date: 09/30/02 12. Backfill material (below filter pack):
0 None 0l Other

Static water level >24hr. after development 13. Centralizers: 0D No 0l Yes

Date Time Level below TOC If yes, Type/material
10/11/02 0921 13.17 Number

Depth(s)

Comments Added 4 gallons of water while Olacinq sand

Driller: Funkee Drilling Inspector: Nathan Watson

Discrepancies: Checked by: Adte.CU.,., Date: /lol/.f2-



Well Development Form P lge 1 of

Project Number: , 72 _ Wel Number: F- 0 - qA

Facility Name: Ground Surface Elevation (GS):

Location: N E Top of Casing Elevation (TOC):

Well Information Well Volume Calculation
Date Well Installed: 7/ " LO __--

Total Depth of Well: :20 ,0/ ___eet from -7o e 3, & x;-, -
Depth to Top of Screen: / o0. / leet from 70 C /45 /. 3,2
Length of Casing Screened: I feet 1 well volume (gallons) = initial height ol water column (fl) x 0.0408 x (casing diameter (in))2

Type of Formation Screened: 5"q /.

Well Development Method
Equipment: ? 5+ 4 2.l Vowit- V I -. l Method Description: ......_.__--______
Surge Bail 2R - - , A ',/L.'V, \. -e_-- pLt_.,C . .

Airlift Pump " '- , L , --. 1_S

Observations During Well Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft) Depth* (ft) Gallons lal (degrees F) (units) (S/cm) (NTU) (color, odor, etc.)

ills_ 15 15 -Lo.o" ( . 9 0 365O _ _36o

A5 5-b -9.T '? _ _

II11 /0 Y- 1o0 0.?, 3"
i1 q', . 2 IO o .2/ 3,7o .X4 -----

From TOC unless otherwise noted in Remarks 0!, , 1 i1.1I W(:t) KC 6 1



Monitoring Well DCF02-49c



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF02-49c Well Location: Island
Installation Start (Date/Time): 09/05/02 Completion (Date/Time): 09/27/02

Well casing, top elevation 1051.87 ft. msl 1. Cap and Lock? 0Yes []No

Land surface elevation 1049.7 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.
b. Length 5 ft.

Top View c. Material Metal
0 d. Weep hole location/size:

1/8". 1/2" off concrete pad
e. Add. protection? NYes 0No

0 o = I I = 3. Pad type/dimensions: 3'x 3' x4"
Side View II

-III1--111------IIII I II --11 1" 4. Surface Seal: 0 Concrete _
'Ill 10 Il:lilIii l ____ 1'

fll liii ill == 111 i "I5II 5. Material between well casing and
1--11l M t-Ull protective cover: concrete to surface.

-III A sand to 1" below TOC
Sketch of Surface Comoletion II1 K ill MI-1

6. Annular seal: [] Granular bentonite
El Bentonite slurry

Annular seal, top 4.0 ft bgs / 1045.7 ft msl 0D Bentonite-cement
0l Other

Bentonite seal, top 22.0 ft bgs / 1027.7 ft msl 7. Bentonite seal: El Granular bentonite
0 Bentonite pellets 1/4 inch
II Bentonite chips inch

Fine sand, top NA ft bgs / 0.0 ft msl 0 EOther '__

8. Fine sand: Manufacturer, name, & size

Filter pack, top 26.0 ft bgs / 1023.7 ft msl ___

Volume added lbs.

Screen joint, top 31.6 ft bTOC / 1020. ft msl 9. Filter pack: Manufacturer, name, & size
Oglebay Norton, silica, 20-40
Volume added 50 lbs

Bottom of end cap 41.6 ft bTOC / 1010.3 ft msl
10. Well casing:

Type Schedule 40 PVC

Filter pack, bottom 40.0 ft bgs / 1009.7 ft msl Manufacturer Environ Manufacturing
Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 40.0 ft bgs / 1009.7 ft msl
11. Screen material:

Type Schedule 40 PVC

Development: Manufacturer Environ Manufacturing

Method: Surged well for 2-3 min. per foot of Slot size 0.020 in.
screen. Placed pump on bottom and Outside diameter in.
removed silt and water until <30 NTUs. The Inside diameter 2 in.
well was pumped again later until measured
TD equaled constructed TD. 12. Backfill material (below filter pack):

Date: 09/30/02 and 10/04/02 0 None 0l Other

13. Centralizers: 0 No 0l Yes

Static water level >24hr. after development If yes, Type/material
Date Time Level below TOC Number
10/11/02 0920 12.85 Depth(s)

Comments

Driller: Funkee Drillinq Inspector: Nathan Watson

Discrepancies: Checked by: A/, 71, CU"t4 Date: /O/f/'11 7-



Well Development Form Page 1 of A

AProject Number: ,.7 7 _well Number: . - O:. - .

Project Information __Elevation of Well

Facility Name: Ground Surface Elevation (GS):

Location: N E Top of Casing Elevation (TOC):

Well Information ______-____,____Well Volume Calculation

Date Well Installed. . - ,
Total Depth of Well: . feet from "r.

Depth to Top of Screeiii b'. 6 feet from ." u s '\

Length of Casing Screened: feet.---eetI well vol ( initial height of water cohln (tt) x 0.0408 x (casing diameter (in))2

Type of Formation Screened:

Well Development Method

Equipment: I- "cO W "" / 2.. Method Description:

Surge Bail ____ -._ IN ,"Y-tr'Akkzt .A _. .

Airlift Pump I - c/T, a A ? YV .. , - " ___ __

Observations During Well Development

Depth to Total Fluid Removed Temp. pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft) Depth* (ft) Gallons Total (degrees F) (units) ( S/cm) (NTU) (color, odor, etc.)

I 1 o-t - -' >__ I boo ------ -...
L;00~__ iitL 39!10 / 0cI10 /0 ZO 1-, ,,3 I 11 >/000. ........

,. ,.. 0J Z0 J ,9 & !%~o~ ,'o, ... ......

___ - 417. ~ ZL . Igoo ,.
20 7, .5 ___ - _

"Io0 _ _._-_- -0- ," /p. "'I 4 .'9. _

- •- 5 7 ,/. o1 _w.wo ' __ _--_-'4 /~ iEEEI _ -- ,' _. :r ~ o c . /e,!(':.. ......
10_ 14f0 0b~l qO 10f 15,- 12 530 'ec'o : fr-ci -e&jj"-

I 'l -0 I I q1,7 -7 . 15 1 -lb 7/ M O .............

lq, -7.-, 1(,,,

FTO1q, __ n10e AO...

From TOC untess otherwise noted in Remnark:.0581 VC K(61



Monitoring Well DCF02-50a



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF03-50a Well Location: TA2
Installation Start (Date/Time): 7/16/03 0757 Completion (Date/Time): 7/16/03 0848

Well casing, top elevation 1061.87 ft. msl 1. Cap and Lock? ZYes []No

Land surface elevation 1059.70 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.
b. Length 5 ft.

Top View c. Material Metal
0 d. Weep hole location/size:

I f1/8". 1/2" off concrete pad

e. Add. protection? ZYes ENo

Side.O ~nim_---IIt [-- 3. Pad type/dimensions: 3'x 3'x 4"
Vide V iew fill lll =-  I lli. 1: lll 1111 -II l

=I1 - : I1ll , l ,I=I- III I" 4. Surface Seal: 0 Concrete Elr-.1 [Il --III I l .i :'llli :l =-- i Ill ' i
11 l1 = i - li : l -' == "i= ' -

' I1111i lii llI 5. Material between well casing and
I I ll III = 11llll= 1 protective cover: concrete to surface
II ii 11 1 sand to 1" below TOG
Setcof S noletion h 1 '  6. Annular seal: El Granular bentonite

El Bentonite slurry
Annular seal, top ft bgs / AQ ft msl El Bentonite-cementEl Other

Bentonite seal, top LO ft bgs / 1057.7 ft msl 7. Bentonite seal: [I Granular bentonite
0D Bentonite pellets 1/4 inch
E] Bentonite chips inch

Fine sand, top NA ft bgs / 0.0 ft msl El Other

8. Fine sand: Manufacturer, name, & size
Filter pack, top 9.5 ft bgs / 1050.2 ft msl _J. I._ __ I

Volume added lbs.

Screen joint, top 15.5 ft bTOC / 1046.4 ft msl K 9. Filter pack: Manufacturer, name, & size
Unimin, silica, 20-40
Volume added 200 lbs

Bottom of end cap 30.5 ft bTOC /1031.4 ft msl
10. Well casing:

Type Schedule 40 PVC
Filter pack, bottom 28.2 ft bgs / 1031.5 ft msl Manufacturer Environ Manufacturinq

Outside diameter in.
Inside diameter 2 in.

Borehole, bottom 28.2 ft bgs / 1031.5 ft msl
V -11. Screen material:

Type Schedule 40 PVC
Development: Manufacturer Environ Manufacturing

Method: Surge and purge with submersible/ Slot size 0.010 in.
pump Outside diameter in.

Date: 7/17/03 Inside diameter 2 in.

12. Backfill material (below filter pack):
Static water level >24hr. after development ED None El Other

Date Time Level below TOC
7/17/03 0735 23.71 13. Centralizers: 0 No El Yes
7/18/03 23.28 If yes, Type/material

Number
Depth(s)

Comments

Driller: Funkee Drilling Inspector: Rick Monk

Discrepancies: Checked by: 4-//149 Ct,- , Date: Of/02,10



Well Development Form Page 1 of 1

Project Number: 2 -7 Well Number: -po 3--OA
Project Information Elevation of Well

Facility Name: Y ,wt" Ground Surface Elevation (GS):

Location: N E Top of Casing Elevation (TOC):

Well Information Well Volume Calculation (' ) (?ao/-2 3.i , 6'C '-/rX " 3 -

Date Well Installed: "). t-i) .' K
Total Depth of Well: 3 , b^O feet from "r aC. )c ( .,-. J) x r
Depth to Top of Screen: / ,, 'q feet from "7 6 C "' 'I/

Length of Casing Screened: / '4,0 feet 1 well volume (gallons) = initial height of water column (ft) x 0.0408 x (casing diameter (in))2

Type of Formation Screened: ,'

Well Development Method

Equipment: Method Description: -1 01 acf , ito /-I- k1/v/, &e0 f-e, ,
Surge /,2.- L,, f Bail '/" "

Airlift Pump /2 -L/t/ __

Observations During Well Development

Depth to Total Fluid Removed Temp. c pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (1t) Depth* (ft) Gallons Total (degrees ) (units) (S/cm) (NTU) (color, odor, etc.)
_-_ _ / e_3/7 30,9/ J_ i ffiG j - /63, oj ,-,.,

0___ OSi.7 .2 3.2,7 __ T1-7 -. 1 6 -Tk 1;0' z.2 y e,. _;' I2/€ ¢ t. d¢ 8,,v
______ 91 Z 9. 3,' 1 _ _ _ _ 6 /1 767 goL. L o 4

I ,' 3 . 2tL7 - IS, Z I5I____,0_,_-

FromTOC Zst e n3, 1/ 7 37 Ral 0L180iForlWC--C-6-

From IOC unless otherwise noted in Remarks 051801 Form WCD-KC-6-1



Monitoring Well DCF02-50c



Project Number: 27979 Project Name: USFRDCFA
Monitoring Well No: DCF03-50c Well Location: TA2
Installation Start (Date/Time): 7/15/03 0900 Completion (Date/Time): 7/16/03 1610

Well casing, top elevation 1061.90 ft. msl 1. Cap and Lock? 0Yes lNo

Land surface elevation 1059.61 ft. msl 2. Protective cover:
a. Inside Diameter 4 in.
b. Length 5 ft.

Top View c. Material Metal
0 d. Weep hole location/size:

I I1/8", 1/2" off concrete pad
e. Add. protection? ZYes ElNo

Side Vief l-, !l- l - ll r1 _-3 Pad type/dimensions: 3' x 3' x 4"
Side Vi w liI [III fill III'
E9 1I III l l 11 =lIII_ IIII l IF" 4. Surface Seal: 0 Concrete E]

-l - III 1 !. Il ll II 1
N I fll4ii 1111 li

i- ,111 fllllll 115. Material between well casing and
1 = fill 1 protective cover: concrete to surface

fill III sand to 1" below TO
Sketch f Surface Comletion ll

6. Annular seal: El Granular bentoniteII [ Bentonite slurry

Annular seal, top 2.0 ft bgs / 1057.6 ft msl 0 Bentonite-cementII El Other

Bentonite seal, top 35.5 ft bgs / 1024.1 ft msl 7. Bentonite seal: E] Granular bentonite
0 Bentonite pellets 1/4 inch
El Bentonite chips inch

Fine sand, top NA ft bgs / 0.0 ft msl El Other
II.! 8. Fine sand: Manufacturer, name, & size

Filter pack, top 40.0 ft bgs / 1019.6 ft msl 8. _Fne _snd: _anufcturr,_nme,__siz

Volume added lbs.

Screen joint, top 45.3 ft bTOC / 1016.6 ft msl 9. Filter pack: Manufacturer, name, & size
Unimin, silica, 20-40 Native material

(sand) bottom portion of screen
Bottom of end cap 55.3 ft bTOC / 1006.6 ft msl Volume added 100 lbs

10. Well casing:
Filter pack, bottom 53.0 ft bgs 1006.6 ft ms] Type Schedule 40 PVC

Manufacturer Environ Manufacturing

- Outside diameter in.
Borehole, bottom 53.0 ft bgs / 1006.6 ft msl\ / Inside diameter 2 in.

11. Screen material:
Development: Type Schedule 40 PVC

Method: Surge and purqe with submersible Manufacturer Environ Manufacturing
pump Slot size 0.010 in.

Date: 07/17/03 Outside diameter in.
Inside diameter 2 in.

Static water level >24hr. after development 12. Backfill material (below filter pack):
Date Time Level below TOC [0 None El Other
7/18/03 23.41

13. Centralizers: 0 No El Yes
If yes, Type/material
Number
Depth(s)

Comments

Driller: Funkee Drilling Inspector: Rick Monk

Discrepancies: Checked by: IV ATC&,of&, Date: 0 ' /o,



Well Development Form Page 1 of
Project Number: 2 7f WellNumber: 7f P '1a'

Project Information Elevation of Well

Facility Name: (4 Ground Surface Elevation (GS):

Location: N E Top of Casing Elevation (TOC):

Well Information Well Volume Calculation -

Date Well Installed: (7L 9""k/X 0)
Total Depth of Well: .S1 3/ feet from _23 (/ (t---.. 2 )X6 t

Depth to Top of Screen: 41 ' /.) feet from 7,'C ,a/f// 4/4 , ,..p( 4fP 0

Length of Casing Screened: f1 feet 1 well volume (gallons) = initial height of water column (It) x 0.0408 x (casing diameter (in))2

Type of Formation Screened:

Well Development Method

Equipment: Method Description: Y-,PL,.i WJ/h 4.,1 f. - /A i'/t v4 .>e-jx 4 /1o ,

Surge Bail _ __-_-_____

Airlift Pump l1-4' i/

Observations During Well Development

Depth to Total Fluid Removed Temp. " pH S.C. Turbidity Fluid Appearance and Remarks
Date Time Water* (ft) Depth* (ft) Gallons Total (degrees J') (units) (S/cm) (NTU) (color, odor, etc.)

/0 goI r- I. - .2 -JL1 C' / 1 k -, a
l6o4 27J .L f M. /4 fL 7.fI 11PO .L 7) -A

Z/0) ~ 23,32- / d -?7/ /10O2?k T a
1I20 2-3,31 .Ai/ / / ,e
//50j 23_21 /3'0 1Z 4w COaOf42l . U -7 5I I-. 'M JrIL v C/ea,

~~- 2 3 _/2 '?v~~51~ i: .~4 C(etr-
"iLtL. 3 ,2U 1iii ),- 7/ 31 12 17,2 C/e4r

From TOO unless otherwise noted in Remarks 051801 Form WCD-KC-6-1



Appendix F -
Low Flow Groundwater

Sampling Procedures



Low Flow Sampling Procedures
Dry Cleaning Facilities Area

RI Report Addendum
Fort Riley, Kansas

Monitoring Well Purging and Sampling

Sampling method for high and low recharge wells screened below the water table

The initial pumping rate is set at 100 ml/min or the rate at which a stabilized water elevation was

obtained in previous sampling events as long as this rate does not exceed 500 mI/min. If a stabilized

water elevation is obtained (constant or increasing water elevation), the flow rate can be increased

up to a maximum flow rate of 500 ml/min as long as a stabilized water elevation continues to be

maintained. If field parameters stabilize (see below for stabilization criteria) over at least three

consecutive readings while a stabilized water elevation is maintained, the final set of field parameters

are recorded, a sample is collected for field ferrous iron determination (see below), the flow-through

cell is disconnected, and samples for the lab are collected at a pump rate at or below the rate where

water elevation stability was obtained. The pump rate will be reduced to 100 ml/min when

collecting samples for VOC analysis.

If a stabilized water elevation can not obtained at 100 ml/min, the flow rate is increased (up to

approximately 2.5 L/min) and the water level in the well lowered to a level not less than 1 feet above

the top of the screen. The rate is then reduced to less than 500 ml/min to determine if a stabilized

water elevation can be obtained at the lower water elevation. If a stabilized water elevation is

obtained and the field parameters stabilize, a final set of water quality parameters are recorded, a

sample is collected for field ferrous iron, the flow-through cell is disconnected, and samples for the

lab are collected at a pump rate at or below the rate where water elevation stability was obtained.

The pump rate will be reduced to 100 ml/min when collecting samples for VOC analysis.

If a stabilized water elevation is not obtained at the lowered water elevation, the pumping rate is

increased to either run the well dry or to purge three well volumes. If three well volumes can be

purged and the field parameters are stable, a final set of lab parameters are recorded, the flow-

through cell is disconnected, a sample for field ferrous iron is collected, and samples for lab analysis
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are then collected. If field parameters are not stable, the flow rate is decreased as feasible to see if

field parameter stabilization can be obtained at a lower flow rate. If field parameter stabilization

occurs at the lower flow rate, a final set of lab parameters are recorded, a sample for field ferrous

iron is collected, the flow-through cell is disconnected, and samples for lab analysis are then

collected. If the field parameters do not stabilize at the lowered flow rate, the well is purged dry.

Once dry, the well is allowed to recharge, a set of field parameters is recorded, a final set of lab

parameters are recorded, a sample for field ferrous iron is collected, the flow-through cell is

disconnected, and samples for lab analysis are collected at a pump rate at or below the rate where

water elevation stability was obtained. The pump rate will be reduced to 100 ml/min when

collecting samples for VOC analysis.

Stabilization of parameters will be based on the USEPA criteria (USEPA 1996), with a modification

of the USEPA stability criteria for low DO (less than 0.5 mg/L). The USEPA DO criteria (±10%)

will be used for DO readings greater than 0.5 mg[L. For DO readings less than or equal to 0.5 mg/L,

the stability criteria will be ±0.1 mg/L. This modification is designed to avoid stability requirements

that are stricter than the variability in the DO measuring device and to ensure that purging of wells

with DO below 0.5 mg/L (anaerobic conditions as defined by USEPA (1998)) will be continued until

the 0.5 mg/L level is reached. The following is a summary of the stabilization criteria to be used in

the sampling round. These criteria will meet over three readings taken at least 5 minutes apart.

* ± 0.1 pH units for pH measurements

• ± 3 % for conductivity measurements

* ± 0.50 C (USACE requirement) for temperature measurements

• ± 10% for dissolved oxygen (DO) measurements greater than 0.5 mg/L and ± 0.1 mg/L

for DO measurements less than 0.5 mg/L

± ± 10 mV for oxidation reduction potential (ORP)

* <30 NTUs (USACE requirement) for turbidity or ±10% if turbidity levels consistently

remain above 30 NTUs
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During purging and sampling of each well, field parameters and water elevations will be recorded

every five minutes on sample collection log sheets along with the date, time, sampling personnel,

and other pertinent sampling information. A final water level after completion of sampling will also

be recorded on the log sheet.

A field-test for ferrous iron will be performed just prior to analytical sample collection. Water for

this test will be obtained directly from the discharge of the flow-through cell at the time that final

field parameters are measured. The result will be recorded on the sample collection log sheet.

Sampling method for high and low recharge wells screened across the water table

The initial pumping rate is set at 100 ml/min or the rate (maximum of 500 ml/min) at which a

stabilized water elevation with a drawdown of less than 0.3 feet was obtained in previous sampling

events. If a stabilized water elevation is obtained (constant or increasing water elevation) with a

drawdown of less than 0.3 ft, the flow rate can be increased up to a maximum flow rate of 500

ml/min as long as a stabilized water elevation and a drawdown of less than 0.3 ft continue to be

maintained. If field parameters stabilize (see below for stabilization criteria) over at least three

consecutive readings while a stabilized water elevation is maintained with less than a 0.3 ft

drawdown, the final set of field parameters are recorded, a sample is collected for field ferrous iron

determination (see below), the flow-through cell is disconnected, and samples for the lab are

collected at a pump rate at or below the rate where water elevation stability was obtained. The pump

rate will be reduced to 100 ml/min when collecting samples for VOC analysis.

If a stabilized water elevation within a 0.3 ft drawdown is not obtained, pumping is continued to

either run the well dry or to purge three well volumes. If three well volumes can be purged and the

field parameters are stable, a final set of lab parameters are recorded, the flow-through cell is

disconnected, a sample for field ferrous iron is collected, and samples for lab analysis are then

collected. If field parameters are not stable, the pump rate is increased and the well is purged dry.

Once dry, the well is allowed to recharge, a set of field parameters is recorded, a final set of lab

parameters are recorded, a sample for field ferrous iron is collected, the flow-through cell is
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disconnected, and samples for lab analysis are collected at a pump rate at or below the rate where

water elevation stability was obtained. The pump rate will be reduced to 100 ml/min when

collecting samples for VOC analysis.

Stabilization of parameters will be based on the USEPA criteria (USEPA 1996), with a modification

of the USEPA stability criteria for low DO (less than 0.5 mg/L). The USEPA DO criteria (±10%)

will be used for DO readings greater than 0.5 mg/L. For DO readings less than or equal to 0.5 mg/L,

the stability criteria will be ±0.1 mg/L. This modification is designed to avoid stability requirements

that are stricter than the variability in the DO measuring device and to ensure that purging of wells

with DO below 0.5 mg/L (anaerobic conditions as defined by USEPA (1998)) will be continued until

the 0.5 mg/L level is reached. The following is a summary of the stabilization criteria to be used in

the sampling round. These criteria will meet over three readings taken at least 5 minutes apart.

± ± 0.1 pH units for pH measurements

± ± 3 % for conductivity measurements

± 0.5' C (USACE requirement) for temperature measurements

± ± 10% for dissolved oxygen (DO) measurements greater than 0.5 mg/L and ± 0.1 mg/L

for DO measurements less than 0.5 mg/L

* ± 10 mV for oxidation reduction potential (ORP)

* <30 NTUs (USACE requirement) for turbidity or +10% if turbidity levels consistently

remain above 30 NTUs

During purging and sampling of each well, field parameters and water elevations will be recorded

every five minutes on sample collection log sheets along with the date, time, sampling personnel,

and other pertinent sampling information. A final water level after completion of sampling will also

be recorded on the log sheet.

A field-test for ferrous iron will be performed just prior to analytical sample collection. Water for
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this test will be obtained directly from the discharge of the flow-through cell at the time that final

field parameters are measured. The result will be recorded on the sample collection log sheet.
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Appendix G -
Geotechnical Analyses

of Soil Samples



Geotechnical Analyses -
Soil Borings



August 30, 2002 CEMOCECII
GEOTECHNICAL SERVICES: DESIGN • CONSTRUCTION • FORENSIC

Ms. Martha Hildebrandt, P.G.
Bums & McDonnell
9400 Ward Parkway
Kansas City, MO 64114

Fax # (816) 822-3463

USFRDCFA, (A-OG Project #02-399T)(B&M Project #27979-3.20.20)

Dear Ms. Hildebrandt:

We have completed our laboratory testing services for your above-referenced
project.

The detailed results of these tests are enclosed. As you directed, these testing
services were provided in accordance with test methods that you specified.

If you have any questions regarding this information or require any further testing,
please contact me at your convenience. We enjoy doing business with you.

Sincerely,
ALPH MEGA GEOTECH, INC.

J. Allan Bush, P.E.
President & Chief Engineer

Enclosures

dla

Alpha-Omega Geotech, Inc.
1701 State Avenue

Kansas City, Kansas 66102
(913) 371-0000FAX (91 3! 371-6710



SUMMARY OF LABORATORY TESTING

I'ROJECT NAM1.-: JSFRDCFA (B&M Project#27979-3.20.20) PROJECT NUMBER: 02-3991

P'R OJE-CT I.()C AT1I(IN: I)__DATE: 8/23/2002 G 0O"C

ltoring Sample )epth Description Natural Dry Unit Atterberg USCS % % Remarks

Number Number or Moisture Weight Limits Class. Passing Porosity Gs Swell

Elevation (%) (pcl) 1.1. PL PI No. 200 Calculations,

13-440 SS2 4'-8' Brown silty GRAVEL w/sand 10.4 99.1 24 19 5 GM 23.2 0.410 2.69 *k201.8E-04 cm/s

13-440 SS4 12'- 16' Brown LEAN CLAY w/sand 18.8 102.8 38 18 20 CL 70.4 0.390 2.70 *k20=2.6E-07 cm/s

13-440 S I11 40'-42' CGray sandy LEAN CLAY 22.5 110.5 29 17 12 CL 54.3 0.342 2.69

R1-422 SS2 4-8' Brown LEAN CLAY w/sand 20.0 93.3 32 17 15 CL 71.9 0.442 2.68 *k20=2.3E-05 cm/s

13-422 SS4 12'-16' Brown LEAN CLAY 26.0 97.5 41 20 21 CL 94.9 0.423 2.71 *k20=6.3E-07 cm/s

Brown-mottled olive brown

13-422 SSIO 39'-40' SILTY SAND 20.0 110.8 N, NPL NPI SM 40.3 0.342 2.70

"REVISED SUMMARY"

Alpha-Omega Geotech, Inc.
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Alpha-Omega Geotech, Inc.
P.O. Box 2670

Kansas City, Kansas 66110
Voice: (913) 371-0000 FAX: (913) 371-6710

POROSITY CALCULATIONS

Project Name: USFRDCFA
Project No.: 02-399T

Date: 22-Oct-02

B-440 SS4 12'-16' 102.8 2.70 0.390

B-440, SSll1 40'-42' 110.5 2.69 0.342

B-422, SS2 41-8' 93.3 2.68 0.442

B-422, SS4 12'-16' 97.5 2.71 0.423
B-422, SS10 39'-40' 110.8 2.70 0.342

POROSITY = 1 - (Dry Unit Wt. of Soil / (Unit Wt. of Water * Specific Gravity)

GEOrECH

POROSITY.xlt Rev. A Sheet 1 of 1
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Alpha-Omega Geotech, Inc.
P.O. Box 2670

Kansas City, Kansas 66110

Voice: (913) 371-0000 FAX: (913) 371-6710

SPECIFIC GRAVITY OF SOLIDS
ASTM D854

Project Name: USFRDCFA Project No.: 02-399T

Sample Number: B-422, SS2 Date: 08/14/2002

Soil Description: Brown LEAN CLAY w/sand Depth: 4-8'

Tested by: T. Burdick

Specimen Number: 1

Flask Number: E

Temp,water + soil, T, Celcius 250

Dish No. W33

Dish + Dry Soil, g 125.8

Dish, g 100.0

Dry Soil, g (Ws) 25.8

Flask + water at T, g (Wbw) 650.0

Ws + Wbw, g 675.8

Flask + water + immersed soil, g (Wbwe )  666.2

Displaced water, Ws + Wbw - Wbwe 9.6

Correction Factor, K .9988

(WsK) / (Ws + Wbw - Wbwe) = Gs 2.68

Remarks:

2-399th



FALLING HEAD PERMEABILITY REPORT
(Method C: Rising Tail-Water)

ASTM D 5084
GEO ECH

PROJECT NAME: USFRDCFA PROJECT NO.: 02-399T

LOCATION:

BORING NO.: B-422 SAMPLE NO.: SS2 DEPTH: 41-8'

SAMPLE TYPE: Undisturbed % COMPACTION:

INITIAL DATA FINAL DATA

MOISTURE: 20.0 % MOISTURE: 28.9 %

DRY UNIT WEIGHT: 93.3 pcf DRY UNIT WEIGHT: 93.3 pcf

HEIGHT: 2.00 inches HEIGHT: 2.00 inches

DIAMETER: 1.42 inches DIAMETER: 1.42 inches

WEIGHT: 93.0 grams WEIGHT: 99.8 grams

SATURATION: 67.0 % SATURATION: 100.0 %

PERMEANT LIQUID: Deaired tap water

EFFECTIVE CONSOLIDATION STRESS: Maximum 5.4 psi Minimum 5.0 psi

BACK PRESSURE: 90 psi RANGE OF HYDRAULIC GRADIENT: 4.3 to 3.9

SAMPLE DESCRIPTION: Brown LEAN CLAY w/sand

TEST DATA

TEST TIME HEAD 1 HEAD 2 TEMP
DATE NO. (sec) (cm) (cm) 0C

08/13/2002 1 720 22.0 20.0 260

08/13/2002 2 720 22.0 20.0 260

08/13/2002 3 720 22.0 20.0 260

08/13/2002 4 720 22.0 20.0 260

AVERAGE 720 22.0 20.0 260

k= 2.7E-05 cm/s n/n20= 0.8694

k20= 2.3E-05 cm/s

k = Hydraulic Conductivity before n/n20 correction factor
k20= Hydraulic Conductivity after correction to 20 0 Celsius This is a laboratory testing result. Field values may vary.

ALPHA-OMEGA GEOTECH, INC. 2-399tk



SIEVE ANALYSIS (ASTMD422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

BORING No.: B-422 SAMPLE No.: SS2 DEPTH: 4'-8'

SIEVE TOTAL % TOTAL %

SIZE RETAINED PASSING

Sieve Number 10 0.0 100.0

Sieve Number 20 1.7 98.3

Sieve Number 40 6.5 93.5

Sieve Number 60 15.1 84.9

Sieve Number 80 19.5 80.5

Sieve Number 100 21.2 78.8

Sieve Number 200 28.1 71.9

GRAINSZE.xlt Rev. 1218/99 Sheet 2 of 2

D.L. Anderson Alpha-Omega Geotech, Inc. 2-399tc



GRAIN SIZE ANALYSIS
• (ASTM D422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

BORING No.: B-422 SAMPLE No.: SS2 DEPTH: 4'-8'

PERCENT PASSING No. 200: 71.9

LIQUID LIMIT: 32

PLASTIC LIMIT: 17

PLASTICITY INDEX: 15

CLASSIFICATION CL

GRAIN SIZE DISTRIBUTION CURVE

100 'II1 1 1

90 I
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40
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Grain Size, rn
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GRAIN SIZE ANALYSIS

(ASTM D422)

PROJECT: USFRDCFA PROJECT No.. 02-399T

BORING No.: B-422 SAMPLE No.: SS4 DEPTH: 12'-16'

PERCENT PASSING No. 200: 94.9

LIQUID LIMIT: 41

PLASTIC LIMIT: 21

PLASTICITY INDEX: 20

CLASSIFICATION CL

GRAIN SIZE DISTRIBUTION CURVE
.100

90
. I I ! ! I

I i ..

70

P
60

a

S 50
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4 0"

n 3

20
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Grain Size, mm
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Alpha-Omega Geotech, Inc.
P.O. Box 2670

Kansas City, Kansas 66110

Voice: (913) 371-0000 FAX: (913) 371-6710

SPECIFIC GRAVITY OF SOLIDS
ASTM D854

Project Name: USFRDCA Project No.: 02-399T

Sample Number: B-422, SS4 Date: 08/17/2002

Soil Description: Brown LEAN CLAY Depth: 12'-16'

Tested by: T. Burdick

Specimen Number: 1

Flask Number: E

Temp,water + soil, T, Celcius 250

Dish No. F-1 6
Dish + Dry Soil, g 75.1 _

Dish, g 50.1

Dry Soil, g (Ws) 25.0

Flask + water at T, g (Wbw) 650.0

Ws + Wbw, g 675.0

Flask + water + immersed soil, g (Wbwe) 665.8

Displaced water, Ws + Wbw - Wbwe .9.2

Correction Factor, K .9988

(WsK) / (Ws + Wbw - Wbwe) = Gs 2.71

Remarks:

2-399tg



FALLING HEAD PERMEABILITY REPORT
(Method C: Rising Tail-Water)

Go ECI ASTM D 5084

PROJECT NAME: USFRDCFA PROJECT NO.: 02-399T

LOCATION:

BORING NO.: B-422 SAMPLE NO.: SS4 DEPTH: 12'- 16'

SAMPLE TYPE: Undisturbed % COMPACTION:

INITIAL DATA FINAL DATA

MOISTURE: 26.0 % MOISTURE: 26.1 %

DRY UNIT WEIGHT: 97.5 pcf DRY UNIT WEIGHT: 97.5 pcf

HEIGHT: 2.82 inches HEIGHT: 2.82 inches

DIAMETER: 1.40 inches DIAMETER: 1.40 inches

WEIGHT: 139.9 grams WEIGHT: 140.0 grams

SATURATION: 96.4 % SATURATION: 100.0 %

PERMEANT LIQUID: Deaired tap water

EFFECTIVE CONSOLIDATION STRESS: Maximum 12 psi Minimum 11.6 psi

BACK PRESSURE: 90 psi RANGE OF HYDRAULIC GRADIENT: 3.1 to 2.5

SAMPLE DESCRIPTION: Brown LEAN CLAY

TEST DATA

TEST TIME HEAD1 HEAD 2 TEMPNO. (sec) (cm) (cm) 0C

08/15/2002 1 90,540 22.0 17.6 260

08/16/2002 2 90,540 22.0 17.6 260

08/17/2002 3 90,540 22.0 17.6 260

08/18/2002 4 90,540 22.0 17.6 260

AVERAGE 90,540 22.0 17.6 260

k= 7.2E-07 cms n/n20= 0.8694

k20= 6.3E-07 cm/s

k = Hydraulic Conductivity before n/n20 correction factor
k20= Hydraulic Conductivity after correction to 20 0 Celsius This is a laboratory testing result. Field values may vary.

ALPHA-OMEGA GEOTECH, INC. 2-399tn



Alpha-Omega Geotech, Inc.
P.O. Box 2670

Kansas City, Kansas 66110
Voice: (913) 371-0000 FAX: (913) 371-6710

SPECIFIC GRAVITY OF SOLIDS
ASTM D854

Project Name: USFRDCFA Project No.: 02-399T

Sample Number: B-422, SS10 Date: 08/28/2002

Soil Description: Brown-mottled olive brown SILTY SAND Depth: 39'-40'

Tested by: T. Burdick

Specimen Number: 1
Flask Number: E

Temp,water + soil, T, Celcius 250

Dish No. Si

Dish + Dry Soil, g 79.5

Dish, g 51.7
Dry Soil, g (Ws) 27.8

Flask + water at T, g (Wbw) 650.0

Ws + Wbw, g 677.8

Flask + water + immersed soil, g (Wbwe) 667.5

Displaced water, Ws + Wbw - Wbwe 10.3

Correction Factor, K .9988

(WsK) / (Ws + Wbw - Wbwe) = Gs 2.70

Remarks:
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SIEVE ANALYSIS (ASTMD422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

BORING No.: B-422 SAMPLE No.: SS10 DEPTH: 39'-40'

SIEVE TOTAL % TOTAL %

SIZE RETAINED PASSING

Sieve Number 10 0.0 100.0

Sieve Number 20 0.2 99.8

Sieve Number 40 4.5 95.5

Sieve Number 60 24.6 75.4

Sieve Number 80 39.6 60.4

Sieve Number 100 45.0 55.0

Sieve Number 200 59.7 40.3

GRAINSZExlt Rev. 12/8/99 Sheet 2 of 2
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GRAIN SIZE ANALYSIS

(ASTM D422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

BORING No.: B-422 SAMPLE No.: SS10 DEPTH: 39'-40'

PERCENT PASSING No. 200: 40.3

GRAIN SIZE DISTRIBUTION CURVE
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GRAIN SIZE ANALYSIS

(ASTM D422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

BORING No.: B-440 SAMPLE No.: SS2 DEPTH: 4'-8'

PERCENT PASSING No. 200: 23.2

LIQUID LIMIT: 24

PLASTIC LIMIT: 19

PLASTICITY INDEX: 5

CLASSIFICATION CL

GRAIN SIZE DISTRIBUTION CURVE
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SIEVE ANALYSIS (ASTMD422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

BORING No.: B-440 SAMPLE No.: SS2 DEPTH: 4'-8'

SIEVE TOTAL % TOTAL %

SIZE RETAINED PASSING

0.75 inch sieve 0.0 100.0

0.5 inch sieve 18.2 81.8

0.375 inch sieve 23.2 76.8

Sieve Number 4 41.5 58.5

Sieve Number 10 53.8 46.2

Sieve Number 20 57.7 42.3

Sieve Number 40 63.4 36.6

Sieve Number 60 70.0 30.0

Sieve Number 80 72.9 27.1

Sieve Number 100 73.9 26.1

Sieve Number 200 76.8 23.2

GRAINSZE.xlt Rev. 12/8/99 Sheet 2 of 2
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FALLING HEAD PERMEABILITY REPORT
(Method C: Rising Tail-Water)

ASTM D 5084
GEOZECH
PROJECT NAME: USFRDCFA PROJECT NO.: 02-399T

LOCATION:

BORING NO.: B-440 SAMPLE NO.: SS2 DEPTH: 41-8'

SAMPLE TYPE: Undisturbed % COMPACTION:

INITIAL DATA FINAL DATA

MOISTURE: 10.4 % MOISTURE: 26.2 %

DRY UNIT WEIGHT: 99.1 pcf DRY UNIT WEIGHT: 99.1 pet

HEIGHT: 2.80 inches HEIGHT: 2.80 inches

DIAMETER. 1.30 inches DIAMETER: 1.30 inches

WEIGHT: 106.7 grams WEIGHT: 121.9 grams

SATURATION: 40.1 % SATURATION: 100.0 %

PERMEANT LIQUID: Deaired tap water

EFFECTIVE CONSOLIDATION STRESS: Maximum 5.4 psi Minimum 5.0 psi

BACK PRESSURE: 90 psi RANGE OF HYDRAULIC GRADIENT: 3.1 to 2.9

SAMPLE DESCRIPTION: Brown silty GRAVEL w/sand

TEST DATA

TEST TIME HEAD1 HEAD 2 TEMP
DATE NO. (sec) (cm) (cm) 0C

08/13/2002 1 120 22.0 20.4 260

08/13/2002 2 120 22.0 20.4 260

08/13/2002 3 120 22.0 20.4 260

08/13/2002 4 120 22.0 20.4 260

AVERAGE 120 22.0 20.4 260

k= 2.1E-04 cm/s n/n20= 0.8694

k20= 1.8E-04 cm/s

k = Hydraulic Conductivity before n/n20 correction factor
k20= Hydraulic Conductivity after correction to 20 0 Celsius This is a laboratory testing result. Field values may . ,y.
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Alpha-Omega Geotech, Inc.
P.O. Box 2670

Kansas City, Kansas 66110
Voice: (913) 371-0000 FAX: (913) 371-6710

SPECIFIC GRAVITY OF SOLIDS
ASTM D854

Project Name: USFRDCFA Project No.: 02-399T

Sample Number: B-440, SS2 Date: 08/12/2002

Soil Description: Brown silty GRAVEL w/sand Depth: 4'-8'

Tested by: T. Burdick

Specimen Number: 1

Flask Number: E

Temp,water + soil, T, Celcius 250

Dish No. G14

Dish + Dry Soil, g 125.0

Dish, g 100.0

Dry Soil, g (Ws) 25.0

Flask + water at T, g (Wbw) 650.0

Ws + Wbw, g 675.0

Flask + water + immersed soil, g (Wbwe) 665.7

Displaced water, Ws + Wbw - Wbwe 9.3

Correction Factor, K .9988

(WsK) / (Ws + Wbw - Wbwe) = Gs 2.69

Remarks:

2-399tj



GRAIN SIZE ANALYSIS
(ASTM D422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

BORING No.: B-440 SAMPLE No.: SS4 DEPTH: 12'-16'

PERCENT PASSING No. 200: 70.4

LIQUID LIMIT: 38

PLASTIC LIMIT: 18

PLASTICITY INDEX: 20

CLASSIFICATION CL

GRAIN SIZE DISTRIBUTION CURVE
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SIEVE ANALYSIS (ASTMD422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

BORING No.: B-440 SAMPLE No.: SS4 DEPTH: 12'-16'

SIEVE TOTAL % TOTAL %

SIZE RETAINED PASSING

0.75 inch sieve 0.0 100.0

0.5 inch sieve 8.5 91.5

0.375 inch sieve 8.5 91.5

Sieve Number 4 10.0 90.0

Sieve Number 10 12.3 87.7

Sieve Number 20 13.6 86.4

Sieve Number 40 16.4 83.6

Sieve Number 60 21.5 78.5

Sieve Number 80 24.3 75.7

Sieve Number 100 25.4 74.6

Sieve Number 200 29.6 70.4

GRAINSZExlt Rev. 12/8/99 Sheet 2 of 2
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Alpha-Omega Geotech, Inc.
P.O. Box 2670

Kansas City, Kansas 66110

Voice: (913) 371-0000 FAX: (913) 371-6710

SPECIFIC GRAVITY OF SOLIDS
ASTM D854

Project Name: USFRDCFA Project No.: 02-399T

Sample Number: B-440, SS4 Date: 08/13/2002

Soil Description: Brown LEAN CLAY w/sand Depth: 12'-16'

Tested by: T. Burdick

Specimen Number: 1

Flask Number: E

Temp,water + soil, T, Celcius 250

Dish No. T12

Dish + Dry Soil, g 125.7

Dish, g 100.0

Dry Soil, g (Ws) 25.7

Flask + water at T, g (Wbw) 650.0

Ws + Wbw, g 675.7

Flask + water + immersed soil, g (Wbwe) 666.2

Displaced water, Ws + Wbw - Wbwe 9.5

Correction Factor, K .9988

(WsK) / (Ws + Wbw - Wbwe) = Gs 2.70

Remarks:

2-399ti



FALLING HEAD PERMEABILITY REPORT
(Method C: Rising Tail-Water)

ASTM D 5084

GiO.rECH

PROJECT NAME: USFRDCFA PROJECT NO.: 02-399T

LOCATION:

BORING NO.: B-440 SAMPLE NO.: SS4 DEPTH: 12'-16'

SAMPLE TYPE: Undisturbed % COMPACTION:

INITIAL DATA FINAL DATA

MOISTURE: 18.8 % MOISTURE: 21.8 %

DRY UNIT WEIGHT: 102.8 pcf DRY UNIT WEIGHT: 102.8 pcf

HEIGHT: 2.80 inches HEIGHT: 2.80 inches

DIAMETER: 1.55 inches DIAMETER: 1.55 inches
WEIGHT: 169.0 grams WEIGHT: 173.2 grams

SATURATION: 79.4 % SATURATION: 100.0 %

PERMEANT LIQUID: Deaired tap water

EFFECTIVE CONSOLIDATION STRESS: Maximum 12 psi Minimum 11.6 psi

BACK PRESSURE: 90 psi RANGE OF HYDRAULIC GRADIENT: 3.1 to 3.0

SAMPLE DESCRIPTION: Brown LEAN CLAY w/sand

TEST DATA

TEST TIME HEAD1 HEAD 2 TEMP
DATE NO. (sec) (cm) (cm) 0C

08/16/2002 1 28,800 22.0 21.2 260

08/19/2002 2 28,800 22.0 21.2 260

08/20/2002 3 28,800 22.0 21.2 260

08/21/2002 4 28,800 22.0 21.2 260

AVERAGE 28,800 22.0 21.2 260

k= 3.OE-07 cm/s n/n20= 0.8694

k20= 2.6E-07 cm/s

k = Hydraulic Conductivity before n/n20 correction factor

k20= Hydraulic Conductivity after correction to 20 0 Celsius This is a laboratory testing result. Field values may vary.

ALPHA-OMEGA GEOTECH, INC. 2-39901



Alpha-Omega Geotech, Inc.
P.O. Box 2670

Kansas City. Kansas 66110

Voice: (913) 371-0000 FAX: (913) 371-6710

SPECIFIC GRAVITY OF SOLIDS
ASTM D854

Project Name: USFRDCFA Project No.: 02-399T

Sample Number: B-440, SS11 Date: 08/28/2002

Soil Description: Gray sandy LEAN CLAY Depth: 40'-42'

Tested by: T. Burdick

Specimen Number: 1

Flask Number: E

Temp,water + soil, T, Celcius 250

Dish No. P16

Dish + Dry Soil, g 125.8

Dish, g 100.8

Dry Soil, g (Ws) 25.0

Flask + water at T, g (Wbw) 650.0

Ws + Wbw, g 675.0

Flask + water + immersed soil, g (Wbwe) 665.7

Displaced water, Ws + Wbw - Wbwe 9.3

Correction Factor, K .9988

(WsK) / (Ws + Wbw - Wbwe) = Gs 2.69

Remarks:

2-399tq



SIEVE ANALYSIS (ASTMD422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

BORING No.: B-440 SAMPLE No.: SS11 DEPTH: 40'-42'

SIEVE TOTAL % TOTAL %

SIZE RETAINED PASSING

0.5 inch sieve 0.0 100.0

0.375 inch sieve 0.3 99.7

Sieve Number 4 0.8 99.2

Sieve Number 10 1.6 98.4

Sieve Number 20 3.8 96.2

Sieve Number 40 19.1 80.9

Sieve Number 60 37.1 62.9

Sieve Number 80 41.4 58.6

Sieve Number 100 42.4 57.6

Sieve Number 200 45.7 54.3

GRAINSZE.xlt Rev. 12/8/99 Sheet 2 of 2
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GRAIN SIZE ANALYSIS

(ASTM D422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

BORING No.: B-440 SAMPLE No.: SS11 DEPTH: 40'-42'

PERCENT PASSING No. 200: 54.3

LIQUID LIMIT: 29

PLASTIC LIMIT: 17

PLASTICITY INDEX: 12

CLASSIFICATION CL

GRAIN SIZE DISTRIBUTION CURVE
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Geotechnical Analyses -
Monitoring Wells



October 23, 2002 CEo ECH
GEOTECHNICAL SERVICES: DESIGN • CONSTRUCTION • FORENSIC

Mr. Walter McClendon
Bums & McDonnell
9400 Ward Parkway
Kansas City, Missouri 64114

FAX: (816) 822-3463

USFRDCFA (A-OG 2-399T)

Dear Mr. McClendon:

We have completed our laboratory testing services for your above-referenced

project.

The detailed results of these tests are enclosed. As you directed, these testing

services were provided in accordance with test methods that you specified.

If you have any questions regarding this information or require any further testing,
please contact me at your convenience. We enjoy doing business with you.

Sincerely,
ALPHA-OMEGA GEOTECH, INC.

Thomas J. Burdick
Iaboratory Manager

Enclosures

Alpha-Omega Geotech, Inc.
1701 State Avenue

Kansas City, Kansas 66102
(913) 371-0000

FAX f9131 371-6710



SUMMARY OF LABORATORY TESTING

PROJECT NAME: USFRDCIVA, #27979-3.20.20 IPROJECT NUMBER: 02-399T

PROJECT LOCATION: _DATE: 10/23/2002 GErO ECH

Boring Sample Depth Description Natural Dry Unit Atterberg I JSCS % Remarks

Number Number or Moisture Weight Limits Class. Passing Porosity Cs

Elevation (%) (pCt) LL,.. PL PI No. 200 Calculations

light brown silty, clayey

02-41 15'-17' SANDw/gravel 10.0 ------ --------------- SC-SM 40.0

02-41 5'-7' Brown SII' 4.2 89.8 NL NPL NPI ML 87.3 0.465 2.69 k207.9E-05 cm/s

Brown-mottled dark brown

02-42 5'-7' LEAN CLAY 16.8 110.9 33 18 15 CL 90.7 0.339 2.69 k20-4.91-07 cm/s

02-42 15'-17' Light brownish gray SIIT 13.1 92.5 NL NPL NPI ML 94.0 0.449 2.69 k20-1.31-04cm/s

Light brown & light reddish

02-42 25'-27' brown poorly graded SAND 4.4 101.3 --------------- SP-SM 9.1 0.392 2.67

w/silt

02-47C 5'-7' Dark brown SILT 18.8 92.5 25 22 3 ML 91.8 0.449 2.69 k2(l-1.31-'-05 mn/s

Light brown poorly graded

02-47C 15'-17' SAND 8.6 98,6 NL NPL NPI SP 3.9 0.413 2.69 k20-3.06E-0 cm/s

***Due to insuflicient sample provided for (0241, 15'-17') we were unable to perform many of the tests requested.

Alpha-Ome 'ieotech, Inc.
2-399tzs 
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Alpha-Omega Geotech, Inc.
P.O. Box 2670

Kansas City, Kansas 66110
Voice: (913) 371-0000 FAX: (913) 371-6710

POROSITY CALCULATIONS

Project Name: USFRDCFA
Project No.: 02-399T

Date: 24-Oct-02

Sapl Nube eph r Uni Spcii Prsit

02-42 51-7' 110.9 2.69 0.339
02-42 15'-17' 92.5 2.69 0.449

02-42 25'-27' 101.3 2.67 0.392

02-47C 51-71 92.5 2.69 0.449

02-47C 15'-17' 98.6 2.69 0.413

POROSITY = 1 - (Dry Unit Wt. of Soil / (Unit Wt. of Water * Specific Gravity)

GEOMECI-I

POROSITYAxt Rev. A Sheet 1 of 1
D. E. Hurt 717199 2-399tzk



GRAIN SIZE ANALYSIS

(ASTM D422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

SAMPLE No.: 02-41 DEPTH: 5'-7;

PERCENT PASSING No. 200: 87.3

LIQUID LIMIT: NL

PLASTIC LIMIT: NPL

PLASTICITY INDEX: NPI

CLASSIFICATION ML

GRAIN SIZE DISTRIBUTION CURVE
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SIEVE ANALYSIS (ASTMD422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

SAMPLE No.: 02-41 DEPTH: 5'-7'

SIEVE TOTAL % TOTAL %
SIZE RETAINED PASSING

Sieve Number 10 0.0 100.0

Sieve Number 20 0.0 100.0

Sieve Number 40 0.0 100.0

Sieve Number 60 0.2 99.8

Sieve Number 80 0.4 99.6

Sieve Number 100 0.5 99.5

Sieve Number 200 12.7 87.3

GRAINSZE.xlit Rev. 12/8/99 Sheet 2 of 2
D.L. Anderson Alpha-Omega Geotech, Inc. 2-399tzi



Alpha-Omega Geotech, Inc.
P.O. Box 2670

Kansas City, Kansas 66110
Voice: (913)371-0000 FAX: (913)371-6710

SPECIFIC GRAVITY OF SOLIDS
ASTM D854

Project Name: USFRDCFA Project No.: 02-399T

Sample Number: 02-41 Date: 10/23/2002

Soil Description: Brown SILT Depth: 5'-7'

Tested by: T. Burdick

Specimen Number: 1

Flask Number: E

Temp,water + soil, T, Celcius 250

Dish No. P13

Dish + Dry Soil, g 125.6
Dish, g 100.0
Dry Soil, g (Ws) 25.6
Flask + water at T, g (Wbw) 650.0
Ws + Wbw, g 675.6
Flask + water + immersed soil, g (Wbwe) 666.1
Displaced water, Ws + Wbw - Wbwe 9.5
Correction Factor, K .9988
(WsK) / (Ws + Wbw - Wbwe) = Gs 2.69 J

Remarks:

2-399tzo



FALLING HEAD PERMEABILITY REPORT
(Method C: Rising Tail-Water)

GrEo ECI-I ASTM D 5084

PROJECT NAME: USFRDCFA PROJECT NO.: 02-399T

LOCATION:

BORING NO.: SAMPLE NO.: 02-41 DEPTH: 51-7'

SAMPLE TYPE: Undisturbed % COMPACTION:

INITIAL DATA FINAL DATA

MOISTURE: 4.2 % MOISTURE: 28.3 %

DRY UNIT WEIGHT: 89.8 pcf DRY UNIT WEIGHT: 89.8 pcf

HEIGHT: 2.25 inches HEIGHT: 2.25 inches

DIAMETER: 2.80 inches DIAMETER: 2.80 inches

WEIGHT: 340.5 grams WEIGHT: 419.2 grams

SATURATION: 12.9 % SATURATION: 100.0 %

PERMEANT LIQUID: Deaired tap water

EFFECTIVE CONSOLIDATION STRESS: Maximum 5.4 psi Minimum 5.0 psi

BACK PRESSURE: 40 psi RANGE OF HYDRAULIC GRADIENT: 3.9 to 3.7

SAMPLE DESCRIPTION: Brown SILT

TEST DATA

TEST TIME HEADI HEAD 2 TEMPNO. (sec) (cm) (cm) °C

10/22/2002 1 30 22.0 21.0 260

10/22/2002 2 30 22.0 21.0 260

10/22/2002 3 30 22.0 21.0 260
10/22/2002 4 30 22.0 21.0 260

AVERAGE 30 22.0 21.0 260

k= 9.OE-05 cm/s n/n20= 0.8694

k20= 7.9E-05 cm/s

k = Hydraulic Conductivity before n/n20 correction factor
k20= Hydraulic Conductivity after correction to 20 0 Celsius This is a laboratory testing result. Field values may vary.

ALPHA-OMEGA GEOTECH, INC. 2-399tzr



SIEVE ANALYSIS (ASTMD422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

SAMPLE No.: 02-41 DEPTH: 15'-17'

SIEVE TOTAL % TOTAL %

SIZE RETAINED PASSING

0.5 inch sieve 0.0 100.0

0.375 inch sieve 14.5 85.5

Sieve Number 4 18.9 81.1

Sieve Number 10 27.9 72.1

Sieve Number 20 35.8 64.2

Sieve Number 40 42.5 57.5

Sieve Number 60 48.8 51.2

Sieve Number 80 52.6 47.4

Sieve Number 100 54.5 45.5

Sieve Number 200 60.0 40.0

GRAINSZE.xlt Rev. 12/8/99 Sheet 2 of 2

D.L. Anderson Alpha-Omega Geotech, Inc. 2-399tzj



GRAIN SIZE ANALYSIS

(ASTM D422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

SAMPLE No.: 02-41 DEPTH: 15'-17'

PERCENT PASSING No. 200: 40.0

GRAIN SIZE DISTRIBUTION CURVE
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GRAIN SIZE ANALYSIS
(ASTM D422)

PROJECT: USFRDCFA PROJECT No.: Z2-399T

SAMPLE No.: 02-42 DEPTH: 5'-7'

PERCENT PASSING No. 200: 90.7

LIQUID LIMIT: 33

PLASTIC LIMIT: 18

PLASTICITY INDEX: 15

CLASSIFICATION CL

GRAIN SIZE DISTRIBUTION CURVE
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Alpha-Omega Geotech, Inc.
P.O. Box 2670

Kansas City, Kansas 66110
Voice: (913) 371-0000 FAX: (913) 371-6710

SPECIFIC GRAVITY OF SOLIDS
ASTM D854

Project Name: USFRDCFA Project No.: 02-399T

Sample Number: 02-42 Date: 10/23/2002

Soil Description: Brown-mottled dark brown LEAN CLAY Depth: 5'-7'

Tested by: T. Burdick

Specimen Number: 1

Flask Number: E

Temp,water + soil, T, Celcius 250

Dish No. W3

Dish + Dry Soil, g 75.7

Dish, g 50.7

Dry Soil, g (Ws) 25.0

Flask + water at T, g (Wbw) 650.0

Ws + Wbw, g 675.0

Flask + water + immersed soil, g (Wbwe) 665.7

Displaced water, Ws + Wbw - Wbwe 9.3 L_

Correction Factor, K .9988

(WsK) / (Ws + Wbw - Wbwe) = Gs 2.69

Remarks:

2-399tzp



FALLING HEAD PERMEABILITY REPORT
(Method C: Rising Tail-Water)

ASTM D 5084
GEO ECH-

PROJECT NAME: USFRDCFA PROJECT NO.: 02-399T

LOCATION:

BORING NO.: SAMPLE NO.: 02-42 DEPTH: 5'-71

SAMPLE TYPE: Undisturbed % COMPACTION:

ITIAL DATA FINAL DATA

MOISTURE: 16.8 % MOISTURE: 21.1 %

DRY UNIT WEIGHT: 110.9 pcf DRY UNIT WEIGHT: 110.9 pcf

HEIGHT: 1.75 inches HEIGHT: 1.75 inches

DIAMETER: 2.85 inches DIAMETER: 2.85 inches

WEIGHT: 376.3 grams WEIGHT: 390.1 grams

SATURATION: 87.4 % SATURATION: 100.0 %

PERMEANT LIQUID: Deaired tap water

EFFECTIVE CONSOLIDATION STRESS: Maximum 5.4 psi Minimum 5.0 psi

BACK PRESSURE: 90 psi RANGE OF HYDRAULIC GRADIENT: 5.0 to 4.7

SAMPLE DESCRIPTION: Brown-mottled dark brown LEAN CLAY

TEST DATA

TEST TIME HEAD 1 HEAD 2 TEMP
DATE NO. (sec) (cm) (cm) °C

10/18/2002 1 3,600 22.0 21.0 260

10/18/2002 2 3,600 22.0 21.0 260

10/18/2002 3 3,600 22.0 21.0 260

10/1 1/2002 4 3,600 22.0 21.0 260

AVERAGE 3,600 22.0 21.0 260

k= 5.7E-07 cm/s n/n20= 0.8694

k20= 4.9E-07 cn/s

k = Hydraulic Conductivity before n/n20 correction factor
k20= Hydraulic Conductivity after correction to 20 0 Celsius This is a laboratory testing result. Field values may var.

ALPHA-OMEGA GEOTECH, INC. 2-399tzf



SIEVE ANALYSIS (ASTMD422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

SAMPLE No.: 02-42 DEPTH: 15'-17'

SIEVE TOTAL % TOTAL %

SIZE RETAINED PASSING

Sieve Number 10 0.0 100.0

Sieve Number 20 0.0 100.0

Sieve Number 40 0.1 99.9

Sieve Number 60 0.2 99.8

Sieve Number 80 0.3 99.7

Sieve Number 100 0.4 99.6

Sieve Number 200 6.0 94.0

GRAINSZE.xlt Rev. 12/8/99 Sheet 2 of 2
D.L. Anderson Alpha-Omega Geotech, Inc. 2-399tzh



GRAIN SIZE ANALYSIS

(ASTM D422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

SAMPLE No.: 02-42 DEPTH: 15'-17'

PERCENT PASSING No. 200: 94.0

LIQUID LIMIT: NL

PLASTIC LIMIT: NPL

PLASTICITY INDEX: NPI

CLASSIFICATION ML

GRAIN SIZE DISTRIBUTION CURVE
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Alpha-Omega Geotech, Inc.
P.O. Box 2670

Kansas City, Kansas 66110
Voice: (913) 371-0000 FAX: (913) 371-6710

SPECIFIC GRAVITY OF SOLIDS
ASTM D854

Project Name: USFRDCFA Project No.: 02-399T

Sample Number: 02-42 Date: 10/23/2002

Soil Description: Light brownish gray SILT Depth: 15'-17'

Tested by: T. Burdick

Specimen Number: 1

Flask Number: E

Temp,water + soil, T, Celcius 250

Dish No. P6

Dish + Dry Soil, g 125.6

Dish, g 100.0

Dry Soil, g (Ws) 25.6

Flask + water at T, g (Wbw) 650.0

Ws + Wbw, g 675.6

Flask + water + immersed soil, g (Wbwe) 666.1

Displaced water, Ws + Wbw - Wbwe 9.5

Correction Factor, K .9988

(WsK) / (Ws + Wbw - Wbwe) = Gs 2.69

Remarks:

2-399tzq



FALLING HEAD PERMEABILITY REPORT
(Method C: Rising Tail-Water)

ASTM D 5084
GEO ECH

PROJECT NAME: USFRDCFA PROJECT NO.: 02-399T

LOCATION:

BORING NO.: SAMPLE NO.: 02-42 DEPTH: 15'- 17'

SAMPLE TYPE: Undisturbed % COMPACTION:

INITIAL DATA FINAL DATA

MOISTURE: 13.1 % MOISTURE: 30.3 %

DRY UNIT WEIGHT: 92.5 pcf DRY UNIT WEIGHT: 92.5 pcf

HEIGHT: 3.25 inches HEIGHT: 3.25 inches

DIAMETER: 2.82 inches DIAMETER: 2.82 inches

WEIGHT: 557.1 grams WEIGHT. 641.8 grams

SATURATION: 43.1 % SATURATION: 100.0 %

PERMEANT LIQUID: Deaired tap water

EFFECTIVE CONSOLIDATION STRESS: Maximum 13.7 psi Minimum 13.3 psi

BACK PRESSURE: 60 psi RANGE OF HYDRAULIC GRADIENT: 2.7 to 2.5

SAMPLE DESCRIPTION: Light brownish gray SILT

TEST DATA

TEST TIME HEADI HEAD 2 TEMP
NO. (sec) (cm) (cm) 0C

10/18/2002 1 30 22.0 20.8 260

10/18/2002 2 30 22.0 20.8 260

10/18/2002 3 30 22.0 20.8 260

10/18/2002 4 30 22.0 20.8 26

AVERAGE 30 22.0 20.8 260

k= 1.6E-04 cm/s n/n2=0 0.8694

k2O= 1.3E-04 cm/s

k = Hydraulic Conductivity before n/n20 correction factor
k20= Hydraulic Conductivity after correction to 20 0 Celsius This is a laboratory testing result. Field values may vary.

ALPHA-OMEGA GEOTECH, INC. 2-399tzd



SIEVE ANALYSIS (ASTMD422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

SAMPLE No.: 02-42 DEPTH: 25'-27'

SIEVE TOTAL % TOTAL %

SIZE RETAINED PASSING

Sieve Number 10 0.0 100.0

Sieve Number 20 0.9 99.1

Sieve Number 40 14.4 85.6

Sieve Number 60 63.1 36.9

Sieve Number 80 78.8 21.2

Sieve Number 100 82.8 17.2

Sieve Number 200 90.9 9.1

GRAINSZE.xlt Rev. 12/8/99 Sheet 2 of 2
D.L. Anderson Alpha-Omega Geotech, Inc. 2-399tzb



GRAIN SIZE ANALYSIS

(ASTM D422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

SAMPLE No.: 02-42 DEPTH: 25'-27'

PERCENT PASSING No. 200: 9.1

GRAIN SIZE DISTRIBUTION CURVE
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Alpha-Omega Geotech, Inc.
P.O. Box 2670

Kansas City, Kansas 66110

Voice: (913) 371-0000 FAX: (913) 371-6710

SPECIFIC GRAVITY OF SOLIDS
ASTM D854

Project Name: USFRDCFA Project No.: 02-399T

Sample Number: 02-42 Date: 10/23/2002

Soil Description: Light brown & light reddish brown poorly graded Depth: 25'-27'

SAND w/silt

Tested by: T. Burdick

Specimen Number: 1

Flask Number: A

Temp,water + soil, T, Celcius 25°

Dish No. P16

Dish + Dry Soil, g 76.1

Dish, g 50.7

Dry Soil, g (Ws) 25.4

Flask + water at T, g (Wbw) 650.0

Ws + Wbw, g 675.4

Flask + water + immersed soil, g (Wbwe) 665.9

Displaced water, Ws + Wbw - Wbwe 9.5

Correction Factor, K .9988

(WsK) / (Ws + Wbw - Wbwe) = Gs 2.67

Remarks:

2-399tzn



SIEVE ANALYSIS (ASTMD422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

SAMPLE No.: 02-47C DEPTH: 5'-7'

SIEVE TOTAL % TOTAL %

SIZE RETAINED PASSING

Sieve Number 10 0.0 100.0

Sieve Number 20 0.1 99.9

Sieve Number 40 0.3 99.7

Sieve Number 60 0.5 99.5

Sieve Number 80 0.7 99.3

Sieve Number 100 0.8 99.2

Sieve Number 200 8.2 91.8

GRAINSZE.xlt Rev. 128/99 Sheet 2 of 2
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GRAIN SIZE ANALYSIS

(ASTM D422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

SAMPLE No.: 02-47C DEPTH: 5'-7'

PERCENT PASSING No. 200: 91.8

LIQUID LIMIT: 25

PLASTIC LIMIT: 22

PLASTICITY INDEX: 3

CLASSIFICATION ML

GRAIN SIZE DISTRIBUTION CURVE
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Alpha-Omega Geotech, Inc.
P.O. Box 2670

Kansas City, Kansas 66110
Voice: (913) 371-0000 FAX: (913)371-6710

SPECIFIC GRAVITY OF SOLIDS
ASTM D854

Project Name: USFRDCFA Project No.: 02-399T

Sample Number: 02-47C Date: 10/23/2002

Soil Description: Dark brown SILT Depth: 5'-7'

Tested by: T. Burdick

Specimen Number: 1

Flask Number: E

Temp,water + soil, T, Celcius 250

Dish No. W5

Dish + Dry Soil, g 125.0

Dish, g 100.0
Dry Soil, g (Ws) 25.0

Flask + water at T, g (Wbw) 650.0

Ws + Wbw, g 675.0

Flask + water + immersed soil, g (Wbwe) 665.7

Displaced water, Ws + Wbw - Wbwe 9.3

Correction Factor, K .9988

(WsK) / (Ws + Wbw - Wbwe) = Gs 2.69

Remarks:

2-399tzm



FALLING HEAD PERMEABILITY REPORT
(Method C: Rising Tail-Water)

ASTM D 5084
G -O ECI-I

PROJECT NAME: USFRDCFA PROJECT NO.: 02-399T

LOCATION:

BORING NO.: SAMPLE NO.: 02-47C DEPTH: 51-71

SAMPLE TYPE Undisturbed % COMPACTION:

INITIAL DATA FINAL DATA

MOISTURE: 18.8 % MOISTURE: 29.4 %

DRY UNIT WEIGHT: 92.5 pcf DRY UNIT WEIGHT: 92.5 pcf

HEIGHT: 2.60 inches HEIGHT: 2.60 inches

DIAMETER: 2.84 inches DIAMETER: 2.84 inches

WEIGHT: 473.6 grams WEIGHT: 515.9 grams

SATURATION: 61.8 % SATURATION: 100.0 %

PERMEANT LIQUID: Deaired tap water

EFFECTIVE CONSOLIDATION STRESS: Maximum 5.4 psi Minimum 5.0 psi

BACK PRESSURE: 60 psi RANGE OF HYDRAULIC GRADIENT: 3.3 to 3.2

SAMPLE DESCRIPTION: Dark brown SILT

TEST DATA

TEST TIME HEAD1 HEAD 2 TEMP
DATE NO. (sec) (cm) (cm) C

10/17/2002 1 120 22.0 21.4 260

10/17/2002 2 120 22.0 21.4 260

10/17/2002 3 120 22.0 21.4 260

10/17/2002 4 120 22.0 21.4 260

AVERAGE 120 22.0 21.4 260

k= 1.5E-05 cm/s n/n20= 0.8694

k20= 1.3E-05 cm/s

k = Hydraulic Conductivity before n/n20 correction factor
k20= Hydraulic Conductivity after correction to 20 ° Celsius This is a laboratory testing result. Field values may varN.

ALPHA-OMEGA GEOTECH, INC. 2-399tze



SIEVE ANALYSIS (ASTMD422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

SAMPLE No.: 02-47C DEPTH: 15'-17'

SIEVE TOTAL % TOTAL %

SIZE RETAINED PASSING

Sieve Number 10 0.0 100.0

Sieve Number 20 0.0 100.0

Sieve Number 40 2.2 97.8

Sieve Number 60 39.8 60.2

Sieve Number 80 76.2 23.8

Sieve Number 100 86.1 13.9

Sieve Number 200 96.1 3.9

GRAINSZE.xlt Rev. 12/8/99 Sheet 2 of 2
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GRAIN SIZE ANALYSIS

(ASTM D422)

PROJECT: USFRDCFA PROJECT No.: 02-399T

SAMPLE No.: 02-47C DEPTH: 15'-17'

PERCENT PASSING No. 200: 3.9

LIQUID LIMIT: NL

PLASTIC LIMIT: NPL

PLASTICITY INDEX: NPI

CLASSIFICATION SP

GRAIN SIZE DISTRIBUTION CURVE

100 , li
90I

I I
I i ' I ! ' I 1

I hu 1  'I '

80 I"" I i ,

P 60 H
aI
$ 50

S 1 A ! i~

n 'Io i Hl

II l I I I l
10

100 10 1 0.1 0.01 0.001

Grain Size, mm
GRAINSZE.xlt Rev. 12/8/99 Sheet 1 of 2
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Alpha-Omega Geotech, Inc.
P.O. Box 2670

Kansas City, Kansas 66110
Voice: (913) 371-0000 FAX: (913) 371-6710

SPECIFIC GRAVITY OF SOLIDS
ASTM D854

Project Name: USFRDCFA Project No.: 02-399T

Sample Number: 02-47C Date: 10/23/2002

Soil Description: Light brown poorly graded SAND Depth: 15'-17'

Tested by: T. Burdick

Specimen Number: 1

Flask Number: E

Temp,water + soil, T, Celcius 250

Dish No. P6

Dish + Dry Soil, g 125.5

Dish, g 100.5
Dry Soil, g (Ws) 25.0

Flask + water at T, g (Wbw) 650.0

Ws + Wbw, g 675.0

Flask + water + immersed soil, g (Wbwe) 665.7

Displaced water, Ws + Wbw - Wbwe 9.3

Correction Factor, K .9988

(WsK) / (Ws + Wbw - Wbwe) = Gs 2.69

Remarks:

2-399tzl



CONSTANT HEAD PERMEABILITY REPORT

PROJECT NAME USFRDCFA PROJECT 02-399T

LOCATION

BORING NO. SAMPLE NO. 02-47C DEPTH 15'-17'

SAMPLE TYPE Remold (Vibrating Method) % COMPACTION

INITIAL DATA FINAL DATA

MOISTURE 0.3 % 23.5 %

DRY UNIT WT. 99.1 pcf 99.1 pcf

HEIGHT 3.68 inches 3.68 inches

DIAMETER 4 inches 4 inches

WEIGHT 1209.8 grams 1489.6 grams

SATURATION 1.3 % 100 %

PERMEANT LIQ. City Water

PERMETER NO. C-2

SAMPLE DESC. Light brown poorly graded SAND

TEST DATA

HYDRAULIC
DATE TEST TIME HEAD TEMP Q CONDUCTIVITY

NO. (sec) (cm) 0C cc
cm/s

10/23/2002 1 28.0 0.7938 26 100.00 3.52E-01

10/23/2002 2 28.0 0.7938 26 100.00 3.52E-01

10/23/2002 3 28.0 0.7938 26 100.00 3.52E-01

10/23/2002 4 28.0 0.7938 26 100.00 3.52E-01

AVERAGE 28 0.7938 26 100 3.52E-01

k= 3.52E-01 cm/s n/n20= 0.8694

k= 3.52E-03 m/s

k20= 3.06E-01 cm/s

k20= 3.06E-03 n/s

ALPHA-OMEGA GEOTECH, INC. 2-399tzt
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10. 'WELL TEST ANALYSIS

Data Set: C:\AQTW\SLUG41.AQT
Date: 01/14/03 Time: 17:10:12

1. PROJECT INFORMATION

Company: Burns & McDonnell
E Client: USACE
E
o Project: 27979
OTest Location: DCF Study Area
.l_ Test Well: DCF02-41

0.1 [] Test Date: 10/14/02

0 CE 00SOLUTION

0 M0 0 0 0 0 El

Aquifer Model: Unconfined
Solution Method: Bouwer-Rice0.01

0. 4. 8. 12. 16. 20. K = 0.02445 cm/sec

Time (min) yO = 0.2808 ft

AQUIFER DATA

Saturated Thickness: 13.54 ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA

Initial Displacement: 2.16 ft Water Column Height: 10. ft

Casing Radius: 0.83 ft Wellbore Radius: 0.666 ft

Screen Length: 10. ft Gravel Pack Porosity: 0.3



1. .. I '' I 'I I ' ' WELL TEST ANALYSIS

Data Set: C:\AQTW\SLUG42.AQT
Date: 01/14/03 Time: 17:14:24

PROJECT INFORMATION

Company: Burns & McDonnell
Client: Fort Riley

E 0.1 Project: 27979

C Test Location: DCF Study Area
Test Well: DCF02-42
Test Date: 10/14/02

-- - ++ + ,- + SOLUTION

+ 
Aquifer Model: Unconfined

0.01 6- .,Solution Method: Bouwer-Rice

0. 4. 8. 12. 16. 20. K = 0.002277 cm/sec
Time (min) yO = 0.06007 ft

AQUIFER DATA

Saturated Thickness: 1.12 ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA

Initial Displacement: 0.5 ft Water Column Height: 1.12 ft

Casing Radius: 0.083 ft Wellbore Radius: 0.666 ft

Screen Length: 10. ft Gravel Pack Porosity: 0.3



Appendix I -
Toxicity Summaries



Working Draft

Appendix I - Toxicity Summaries RI Report Addendum - DCF Study Area

APPENDIX I - TOXICITY SUMMARIES

2 This appendix presents a brief overview of toxicological information for the chemicals of potential

3 concern (COPC) at the DCF Study Area, Fort Riley, Kansas. Information includes symptoms of

4 exposure, whether the substance is known or believed to cause cancer, and the toxicity values used for

5 characterizing carcinogenic and noncarcinogenic risks. This information was compiled from the United

6 States Environmental Protection Agency (USEPA) Integrated Risk Information System (IRIS) database

7 (USEPA, 2003), USEPA's Health Effects Assessment Summary Tables (HEAST) (USEPA, 1997) and

8 USEPA's Region IX Preliminary Remediation Goals Table (USEPA, 2002). Additionally, general

9 chemical information was compiled from The National Library of Medicine (NLM), ToxFAQs TM

10 published by the Agency for Toxic Substances and Disease Registry (ATSDR), and the ATSDR

11 chemical-specific toxicity profiles.

12 To establish human toxicity values from animal studies for noncarcinogenic risk assessment, USEPA

13 applies uncertainty and modifying factors to the no observed adverse effect level (NOAEL) or lowest

14 observed adverse effect level (LOAEL) dose from the studies. Uncertainty factors of 10 are used to

15 account for each of the uncertainties assumed when extrapolating from animal data to humans, evaluating

16 human variability in response, extrapolating from a LOAEL to a NOAEL, and when extrapolating from

17 subchronic to chronic exposure. An additional modifying factor from I through 10 is used to reflect the

18 quality of the study and database which is not explicitly addressed by the above uncertainty factors.

19 The Reference Dose (RfD) and Reference Concentration (RfC) are the toxicity values used in assessing

20 noncarcinogenic health effects from oral and inhalation exposures, respectively. Reference doses and

21 reference concentrations represent exposure levels which are well below a toxic effect threshold. Each is

22 an estimate of daily exposure to the general human population (including sensitive subpopulations) that is

23 unlikely to pose an appreciable likelihood of adverse effects during a given term of exposure. Reference

24 dose values are expressed as milligrams of chemical per kilogram body weight per day (mg/kg/day), and

25 reference concentration values are expressed as a chemical concentration in air in milligrams per cubic

26 meter (mg/m3). For consistency with the inhalation intake dose units, reference concentration values may

27 be converted to inhalation reference dose values, which are then expressed as mg/kg/day. Reference dose

28 values are not available for exposure through dermal contact. USEPA guidance outlines a procedure for

29 adapting oral reference dose values to dermal reference dose values by applying absorption efficiency

30 factors.

DCFRIAddedumAPPI (Toxicity Summaries).doc 1 01/15/03



Working Draft

Appendix I - Toxicity Summaries RI Report Addendum - DCF Study Area

I Toxicity values used in assessing carcinogenic risk are slope factors. A slope factor represents the 95

2 percent upper confidence limit on the probability that a carcinogen will cause cancer at a dose of one

3 mg/kg/day over a lifetime. It is generally assumed that even the smallest dose of a carcinogen can lead to

4 a clinical state of disease. Dose estimates are used along with the slope factor to calculate the statistical

5 probability of a carcinogenic response. Toxicity values for assessing carcinogenic risk from inhalation

6 exposure are sometimes expressed as unit risks (micrograms per cubic meter) [(Vg/m 3)l], which can be

7 converted to units of (mg/kg/day ) '. As with noncarcinogenic risk, toxicity values for assessing risk from

8 dermal exposure must be converted from oral toxicity values by applying absorption efficiency factors.

9 USEPA has established a weight-of-evidence classification to assess the carcinogenic potential of

10 chemicals based on the available evidence from epidemiological studies and animal studies. A Class A

11 chemical is considered a human carcinogen based on sufficient evidence from human studies. A Class B

12 chemical is considered a probable carcinogen based on limited evidence in humans or sufficient evidence

13 in animals. A Class C chemical is a possible human carcinogen based on limited evidence in animals and

14 inadequate or lack of evidence in humans. Class D includes chemicals which are not classifiable

15 regarding carcinogenicity because of inadequate or no evidence. Class E is assigned to chemicals with

16 evidence of noncarcinogenicity from adequate studies.

17 The COPCs identified for the DCF Study Area fall into one chemical family, volatiles. The volatiles

18 include 1,2,4-trimethylbenzene, cis- 1,2-dichloroethene (cis- l,2-DCE), ethylbenzene, isopropylbenzene,

19 tert-butylbenzene, tetrachloroethene (PCE), toluene, trans-1,2-dichloroethene (trans-1,2-DCE),

20 trichloroethene (TCE), trichloromethane, m,p-xylene, o-xylene, and vinyl chloride.

21 VOLATILE ORGANIC COMPOUNDS (VOCs)

22 cis-1,2-Dichloroethene (CAS No. 156-59-2)

23 This summary is based on information provided in IRIS (USEPA, 2003), the ATSDR ToxFAQTM sheet

24 (1997), ATSDR (1996) toxicity profile, and the Health Effects Assessment Summary Tables (HEAST)

25 (USEPA, 1997).

26 Cis-I,2-DCE is used to produce solvents and is present in chemical mixtures. Cis-1,2,-DCE exists in the

27 environment as a breakdown product of other chlorinated solvents such as PCE and TCE.

28 Inhalation of high levels of cis-1,2-DCE can result in nausea and drowsiness. Inhalation of extremely

29 high levels can be fatal. Lower exposure levels can result in liver damage and decreased numbers of red

30 blood cells. Effects of long-term exposures (365 days or longer) at low levels is unknown.

DCFRIAddedumAPPI (Toxicity Summaries).doc 2 01/15/03
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1 An oral reference dose of 1E-02 mg/kg/day is listed in HEAST (USEPA, 1997). An inhalation reference

2 dose is not available in either IRIS, HEAST, or RIX.

3 Cis-1,2-DCE is not classifiable as a human carcinogen (Category D).

4 Isopropylbenzene (CAS No. 98-82-8)

5 This summary is based on information provided in IRIS (USEPA, 2003) and the National Library of

6 Medicine (NLM) (TOXNET, 2003).

7 Isopropylbenzene is also called cumene. It is a petrochemical that is used in the manufacture of several

8 chemicals, such as phenol and acetone.

9 Currently, no data are available that quantify human exposure. In animal studies, isopropylbenzene

10 caused increased organ weights (primarily in the kidneys) through either the oral or inhalation route of

11 exposure. Short-term exposure to isopropylbenzene may cause dizziness, drowsiness, slight

12 incoordination, and unconsciousness.

13 Toxicity values for assessing noncarcinogenic effects were available in IRIS. The oral reference dose for

14 isopropylbenzene was IE-01 mg/kg/day, and the inhalation reference dose was IE-01 mg/kg/day.

15 Isopropylbenzene is not classifiable as a human carcinogen (Category D).

16 tert-Butylbenzene (CAS No. 98-06-6)
17 This summary is based on information provided in USEPA Region IX Preliminary Remediation Goals

18 Table (RIX) (USEPA, 2002) and the National Library of Medicine (NLM) (TOXNET, 2003).

19 Tert-Butylbenzene is an industrial contaminant associated with such activities as, printing, painting, and

20 car repair. Possible exposure routes of tert-Butylbenzene are inhalation and dermal contact.

21 Toxicity values for assessing noncarcinogenic effects were not available in IRIS, but RIX provided data

22 for this risk assessment. The oral reference dose for tert-Butylbenzene was 4E-02 mg/kg/day. An

23 inhalation reference dose is unavailable.

24 No carcincinogenic effect information is available for tert-Butylbenzene.

25 Tetrachloroethene (CAS No. 127-18-4)

26 This summary is based on information provided in IRIS (USEPA, 2003), by STSC (USEPA, 2002a), and

27 in the ATSDR (1993) toxicity profile.

DCFRIAddedumAPPI (Toxicity Sumnaries).doc 3 01/15/03
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I PCE is also called perchloroethene. It is used as a dry-cleaning chemical and as a metal parts degreaser.

2 Human studies indicate that some of the short-term health effects of PCE inhalation exposure can be

3 dizziness, headache, sleepiness, nausea, difficulty walking and talking, and confusion. Continued high

4 exposure could also lead to unconsciousness and death. In animal studies, exposure to high

5 concentrations of PCE resulted in liver and kidney damage. Exposure to high levels of PCE during

6 pregnancy was determined to be toxic to unborn pups of rats and mice. Behavioral changes were noted in

7 the offspring of rats that were exposed to PCE during pregnancy. Dermal exposure can cause skin

8 irritation. The noncancer effect of concern is hepatotoxicity (i.e., increased liver/kidney weights in ratio

9 to body weight).

10 The oral reference.dose value, found in IRIS, is 1E-02 mg/kg/day. This incorporates an uncertainty factor

11 of 1,000 to account for intraspecies and interspecies variability and extrapolation of a subchronic effect

12 level to its chronic equivalent. Confidence in the study is low whereas confidence in the database and

13 reference dose is medium. STSC recommends an inhalation reference dose of 2E-01 mg/kg/day.

14 In animals, high doses of PCE can cause liver cancer; however, PCE is under USEPA review as to its

15 carcinogenic potency. STSC provided oral and inhalation slope factors of 5.2E-02 (mg/kg/day) -' and

16 1.1 E-02 (mg/kg/day)1 , respectively.

17 Toluene (CAS No. 108-88-3)

18 This summary is based on information found in IRIS (USEPA, 2003) and in the ATSDR (1989) toxicity

19 profile.

20 Toluene is a constituent of gasoline along with benzene, ethylbenzene, and xylene. It occurs naturally in

21 crude oil and the tolu tree. Toluene is used in making paints, paint thinners, adhesives, rubber, and in

22 some printing and leather tanning processes.

23 Exposure to moderate levels of toluene can cause tiredness, confusion, weakness, memory loss, nausea,

24 and loss of appetite. These effects usually go away once the exposure has ended. Exposure to large

25 amounts of toluene can cause dizziness, unconsciousness, and even death. Repeated exposure can cause

26 brain damage as well as liver and kidney damage. The toxic effects of concern are changes in liver and

27 kidney weights and neurological effects for oral and inhalation exposure, respectively.

28 The oral reference dose, available in IRIS, is 2E-01 mg/kg/day. It includes an uncertainty factor of 1,000

29 (to account for interspecies and intraspecies variability and extrapolation, for subchronic-to-chronic

DCFRIAddedumAPPI (Toxicity Summaries).doc 4 01/15/03
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1 extrapolation, and for limited reproductive and developmental toxicity data). As determined by USEPA,

2 confidence in the study was high and in the database and reference dose was medium.

3 The inhalation reference dose for toluene is IE-01 mg/kg/day, which includes an uncertainty factor of 10

4 to account for intraspecies variability and another factor of 10 for the use of a LOAEL. An additional

5 factor of 3 is applied for data base deficiencies, including the lack of data and well-characterized

6 laboratory animal exposures evaluating neurotoxicity and respiratory irritation. Overall confidence in the

7 study, database, and reference concentration is reported as medium.

8 Toluene is not classifiable as a carcinogen (Category D) based on a lack of human data and inadequate

9 animal data.

10 trans-i,2-Dichloroethene (CAS No. 156-60-5)

11 The summary is based on information provided in IRIS (USEPA, 2003) and in the ATSDR (1996)

12 toxicity profile.

13 Of the 1,2-DCE isomers, trans-1,2-DCE is considered the more common industrial product. It is highly

14 flammable and often used to produce solvents and chemical mixtures.

15 Increased serum alkaline phosphatase in male mice was observed in a 90-day study on trans-1,2-DCE.

16 The oral reference dose value of 2E-02 mg/kg/day is listed in IRIS. It includes an uncertainty factor of

17 1,000 (10 to account for extrapolation of dose levels from laboratory animals to humans, 10 for the

18 uncertainty in the threshold for sensitive humans, and 10 for uncertainty in the effect of duration when

19 extrapolating from subchronic to chronic exposure). Confidence in the study is medium while confidence

20 in the reference dose and the database is reported as low. There is no inhalation reference dose listed in

21 IRIS, HEAST, or RIX.

22 trans-1,2-DCE has not been classified for carcinogenicity due to a lack of data.

23 Trichloroethene (CAS No. 79-01-6)

24 This summary is based on information provided by the ATSDR ToxFAQTM sheet for trichloroethene

25 (1997a) and the ATSDR toxicity profile (1993a).

26 TCE is used primarily as a solvent to degrease metal parts. It is also used in making adhesives, paint

27 removers, typewriter correction fluids, and spot removers.

DCFRIAddedumAPPI (Toxicity Summaries).doc 5 01/15/03



Working Draft

Appendix I - Toxicity Summaries RI Report Addendum - DCF Study Area

I Small inhaled doses of TCE can cause headaches, lung irritation, dizziness, poor coordination, and

2 difficult concentrating. Large inhaled doses of TCE can cause impaired heart function, unconsciousness,

3 and death. Inhalation can also damage the nerves of the face. Long-term exposure to small amounts of

4 TCE in drinking water may result in liver and kidney damage, impaired immune system function, and

5 impaired fetal development in pregnant women. Long-term exposure to large amounts of TCE in

6 drinking water may cause nausea, liver damage, unconsciousness, impaired heart function, or death.

7 Dermal contact can result in a skin rash.

8 Toxicity values for assessing noncarcinogenic effects were not available in IRIS, and the appropriateness

9 of the most recent set of values put forth by STSC is currently under debate. For this reason, the older

10 withdrawn oral reference dose of 6E-03 mg/kg/day was used.

11 TCE is under review by USEPA to determine its carcinogenic classification. Given the current debate on

12 TCE, the withdrawn oral and inhalation slope factors of 1.1E-02 (mg/kg/day) l and 6E-03(mg/kg/day)Y,

13 respectively, were used.

14 Trichloromethane (CAS No. 67-66-3)

15 This summary is based on information provided by IRIS (USEPA, 2003), the ATSDR ToxFAQ TM sheet

16 for trichloromethane (1997b), and the ATSDR toxicity profile (1993b).

17 Trichloromethane, also known as chloroform, is used primarily in the production of other chemicals. It

18 can also be formed when chlorine is added to water.

19 The main pathways of exposure to trichloromethane include inhalation and ingestion. Inhalation of

20 trichloromethane can cause dizziness, fatigue, and headaches. Long-term exposure may cause damage to

21 the kidneys and liver. Dermal contact with a large amount of trichloromethane may result in the

22 formation of sores.

23 Toxicity values for assessing noncarcinogenic effects were available in IRIS. The oral reference dose for

24 trichloromethane was IE-02 mg/kg/day. No inhalation reference dose was available.

25 Trichloromethane is classified by the USEPA as a B2 carcinogen. Mechanistic data indicate that the

26 carcinogenicity of trichloromethane is an effect of noncancer cytotoxicity in the liver; thus, the noncancer

27 oral reference dose is considered protective of the cancer endpoint. The inhalation slope factor was 8.1 E-

28 02.
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I Vinyl Chloride (CAS No. 75-01-4)

2 This summary is based on information provided in IRIS (USEPA, 2003), the ATSDR ToxFAQTM sheet

3 (1997c), and the ATSDR (1997d) toxicity profile.

4 Vinyl chloride is used in making polyvinyl chloride (PVC), which is used to make a variety of plastic

5 products, furniture, and automobile upholstery. Vinyl chloride exists in the environment as a breakdown

6 product of other chlorinated solvents such as PCE, TCE, and cis-1,2-DCE.

7 Liver cell polymorphism is the toxic effect of concern from oral exposure. An oral reference dose value

8 of 3E-03 mg/kg/day is listed in IRIS. The oral reference dose incorporates uncertainty factors of 10 for

9 protection of sensitive human subpopulations and 3 for animal to human extrapolation. Confidence in the

10 oral reference dose is high for the study, medium to high for the database, and medium for the reference

11 dose. The reference concentration value of 1E-1 mg/m 3 also includes an uncertainty of 30 for the same

12 reasons. This value converts to an inhalation reference dose of 3E-02 mg/kg/day.

13 Vinyl chloride is considered a Class A (known) human carcinogen by both oral and inhalation routes of

14 exposure. There is consistent epidemiologic evidence that vinyl chloride causes the development of

15 angiosarcoma and suggestive evidence that it causes cancers in the brain, lung, and connective tissue.

16 There is also consistent evidence of carcinogenicity in rats, mice, and hamsters via the oral and inhalation

17 routes. Oral and inhalation slope factors are listed in IRIS for exposure during adulthood and over a

18 lifetime since birth. The oral and inhalation values used in this risk assessment are 7.5E-01 and 1.5E-02

19 (mg/kg/day)', respectively.
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APPENDIX J - VAPOR MODELING

2 Concentrations of chemical vapors in outdoor air were not directly measured prior to or during the

3 Remedial Investigation (RI) Addendum at the DCF Study Area site (Site): Since vapor concentrations are

4 not typically measured at environmental sites, numerous models have been developed to estimate

5 chemical vapor concentrations in air. The available vapor models range in sophistication from complex

6 computer codes to simple conservative algorithms. This appendix describes the methods used to model

7 the migration of chemical vapors from soil and groundwater and estimate vapor concentrations in outdoor

8 air.

9 J.1 METHODOLOGY OVERVIEW

10 Chemical vapor migration from soil or groundwater to an outdoor environment consists of three steps:

11 chemical partitioning from soil or groundwater to soil gas, migration of chemical vapors through the soil

12 column and subsequent emission to ambient air, and mixing of chemical vapors within the ambient

13 environment. Vapor concentrations were estimated by applying chemical-specific volatilization factors

14 (VFs) to chemical concentrations in soil and groundwater. VFs represent media transfer factors that

15 account for all three steps of the vapor migration process. Chemical-specific VFs are calculated for each

16 medium (soil or groundwater) and for the ambient environment (outdoor air).

17 Vapor migration is dependent on both chemical characteristics and soil physical properties. The chemical

18 properties influencing vapor transport include the Henry's law constant (H), organic carbon-water

19 partitioning coefficient (K), diffusivity in air (D1 ), and diffusivity in water (Dw). Values for each of

20 these properties were obtained from United States Environmental Protection Agency's (USEPA's) Soil

21 Screening Guidance: Technical Background Document (USEPA, 1996) for all of the chemicals of

22 potential concern (COPCs).

23 Where available, the soil parameters used in this evaluation represent site-specific measurements obtained
24 from soil sampling activities conducted within the Former Building 180/181 Area and monitoring well

25 installation on the Transition Zone/Island Area. Table 4-4 in the RI Report Addendum presents the

26 measured and total organic carbon (TOC) data. For the Building 180/181 Area, the calculated TOC value

27 represents the average of measurements for locations B422 and B440. Site-specific measures of total

28 porosity ranged from approximately 15 - 25 percent. A value of 25 percent (as determined by the USGS

29 for Kansas River alluvial deposits [Meyer, 2002]) will be used. Site-specific data were not available for

30 air-filled porosity or water-filled porosity. Given the high degree of variability that would be expected in
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I such data, single point-in-time measurements would likely be considered inappropriate for use in the risk

2 assessment.

3 Water-filled porosity was calculated using an equation obtained from USEPA's Soil Screening Guidance:

4 User's Guide (USEPA, 1996a). The infiltration rate variables were obtained from Table 6 of Soil

5 Screening Guidance: Technical Background Document (USEPA, 1996) and represent alluvium with

6 overbank deposits for Building 180/181 and alluvium without overbank deposits for the Transition

7 Zone/Island Area. The variable values for Ks and b were obtained from USEPA's Soil Screening

8 Guidance: User's Guide and Superfund Exposure Assessment Manual (USEPA, 1998), respectively.

9 Selection of the Ks and b variables was based on soil texture, which was determined to most closely

10 resemble a silty loam in the Building 180/181 Area and a sandy loam in the Transition Zone/Island Area.

11 For capillary fringe soils, the relative percent contributions were obtained from ASTM's (1995) Standard

12 Guide for Risk-Based Corrective Action Applied at Petroleum Release Sites, resulting in water-filled

13 porosity estimates equaling 90 percent of the total porosity and air-filled porosity estimates equaling 10

14 percent of the total porosity. The calculations of water-filled porosity are presented on Table J-1.

15 Other variables impacting the vapor modeling calculations include depth to groundwater or soil source

16 areas, source width parallel to groundwater flow, and wind speed. In general, depth to groundwater was

17 based on average measurements from the monitoring wells included in the groundwater data sets for each

18 area. Depth to soil source areas was based on the average depth at which the highest chemical

19 concentrations were detected in a given area of the Site. Source width in groundwater was based on the

20 measured distance between monitoring wells MW93-13 and DCFOI-40 in the Building 180/181 Area and

21 between monitoring wells DCF02-42 and DCF02-44a in the Transition Zone/Island Area. The wind

22 speed was based on Fort Riley measurements (see Section 3.4 of the RI Report Addendum).

23 The volatilization factors described in Sections J.2 and J.3 were subsequently combined with chemical

24 concentrations in soil or groundwater to derive vapor concentrations in air. These vapor concentrations in

25 air are presented in Tables 6-20 through 6-22 of the RI Report Addendum.

26 J.2 VOLATILIZATION FACTORS FROM SOIL

27 Vapor migration from soil to outdoor air was evaluated in the Building 180/181 Area. The equations and

28 variables used to calculate the VFs from soil are described in the following paragraphs and provided on

29 Tables J-1 through J-4.

30 The equation for calculating the VF from soil to outdoor air was obtained from USEPA's Supplemental

31 Guidance for Developing Soil Screening Levels for Superfund Sites (USEPA, 2002) and combines an
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1 estimate of the chemical flux from soil with a simulation of contaminant dispersion in ambient air. The

2 estimate of chemical flux from soil is based on a commonly used partitioning equation, and the simulation

3 of contaminant dispersion in ambient air is represented by the Q/C term. The chemical flux component of

4 the equation is based on the site-specific soil properties and chemical-specific physical properties

5 described in Section J. 1. The Q/C term reflects the results of air dispersion modeling conducted by

6 USEPA using varying contaminant source sizes and meteorological conditions. The Q/C value was

7 calculated using equation D-1 from USEPA's Supplemental Guidance for Developing Soil Screening

8 Levels for Superfund Sites (USEPA, 2002). Constants used to calculate the Q/C value were based on

9 values for Zone 5, Lincoln, Nebraska. The calculation of the Q/C value is presented on Table J-2. This

10 VF equation is based on the assumption that the source of contamination in soil is at the surface, which is

11 likely true for the excavation, groundskeeper, and trespasser scenarios in the Building 180/181 Area. The

12 VF calculations from soil to outdoor air are presented on Tables J-3 and J-4.

13 J.3 VOLATILIZATION FACTORS FROM GROUNDWATER

14 Vapor migration from groundwater to outdoor air was evaluated in the Building 180/181 Area and the

15 Transition Zone/Island Area. The equations and variables used to calculate the VFs from groundwater are

16 described in the following paragraphs and provided on Tables J-5 through J-12.

17 The VF from groundwater to outdoor air was calculated using an equation from the Standard Guide for

18 Risk-Based Corrective Action at Petroleum Release Sites (ASTM, 1995) that represents a combination of

19 the effective diffusion coefficients for capillary fringe and vadose zone soils and a traditional box model.

20 The effective diffusion coefficients account for the migration of chemical vapors from groundwater to the

21 soil surface, while the box model estimates chemical dispersion in outdoor air. Chemical partitioning

22 from groundwater to soil gas is accounted for through the application of the Henry's Law constant. The

23 wind speed used in this evaluation was based on Fort Riley measurements (see Section 3.4 of the RI

24 Report Addendum), and the mixing zone height was based on the standard assumed breathing-zone height

25 of two meters, as noted on Tables J- 11 and J-12.

26 It should be noted that all of the volatilization equations used in this risk assessment incorporate several

27 conservative assumptions. These calculations ignore biodegradation, removal by leaching, and the

28 adsorption of vapor to soil. They also assume no depletion of the source over time to reduce the emission

29 rate. These fundamental assumptions likely result in a highly conservative estimate of chemical vapor

30 concentrations in outdoor air.
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Table J-1
Calculation of Water-Filled Porosity Values*

RI Report Addendum
DCF Study Area - Fort Riley, Kansas

Equation:

2b +3

o =0 X -I

Ows = Water-filled porosity (liters per liter [L/L])
Ot = Total soil porosity (L/L) (See text)

I = Infiltration rate (meter per year [m/yr])
Ks = Saturated hydraulic conductivity (m/yr)

b = Soil-specific exponential parameter (unitless)

Variable Values:

Ot I Ks 1/(2b+3) Ows

Location (LL) (m/yr) (mlyr) (unitless) (LL)

Buildings 180/181 Area 0.25 0.14 120 0.074 0.152

Island Area 0.25 0.32 230 0.08 0.148

Notes:
Infiltration rates obtained from Table 6 of "Soil Screening Guidance: Technical Background Document" (USEPA, 1996)

and represents alluvium with overbank deposits for Building 180/181 and alluvium without overbank deposits for the Island.
Variable values for Ks and b were obtained from "Soil Screening Guidance: User's Guide" (USEPA, 1996a) and represent

silty loam in the Building 180/181 and sandy loam in the Island.

*USEPA, 1996
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Table J-2
Calculation of 0/C Term
Buildings 180/181 Area

RI Report Addendum
DCF Study Area - Fort Riley, Kansas

Ax e p(In Asie -B )2]

C [Aexl C J-

Where:
Q/C = Inverse of the mean concentration at the center of a 0.5 acre square source

(grams per squared meter-seconds per kilogram per cubic meter [g/m 2-s per kg/m 3])

A = Constant based on air dispersion modeling for specific climate zones [unitless]
Asite = Extent of the site or contamination [acres]

B = Constant based on air dispersion modeling for specific climate zones [unitless]
C = Constant based on air dispersion modeling for specific climate zones [unitless]

Variables:
O/C = Calculated

A = 14.1901 (site-specific) (represents Zone 5-Lincoln, NE) (USEPA, 2002)
Asite = 3.5 acres (total acreage of Former Buildings 180/181 Area)

B = 18.5634 (site-specific) (represents Zone 5-Lincoln, NE) (USEPA, 2002)
C = 210.5281 (site-specific) (represents Zone 5-Lincoln, NE) (USEPA, 2002)

a/C
Chemical g/m2-s per kg/m 3

Former Buildings 180/181 Area 5.89E+01

*USEPA, 2002
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Table J-3
Volatilization Factor to Outdoor Air from Soil*

Buildings 180/181 Area
Outdoor Worker Scenarios

RI Report Addendum
DCF Study Area - Fort Riley, Kansas

Equation: Vout Q/C x (3.14 x D. x T)" 2 x UC [(E.33 xD' xH10 333 XD )/E2]
Vao Where D _ w w

(2xP, xDa) WPbxKd +®w, +E), xH'

Where:
VFout = Volatilization factor from soil to outdoor air (cubic meters per kilogram [m3/kg])
Q/C = Inverse of the mean concentration at the center of a 0.5 acre square source

(grams per squared meter-second per kilogram per cubic meter [g/m 2-s per kg/m 3])

Da = Apparent diffusivity (squared centimeters per second [cm2/s])
T = Exposure interval (seconds [s])

UC = er [m2/cm2])
Pb = Dry soil bulk density (grams per cubic centimeter [g/cm 3])

Oas = Air-filled porosity in vadose zone soil (liters per liter [L/L])
Di = Diffusion coefficient in air (cm2/s)
H' = Henry's law constant (unitless)

Ows = Water-filled porosity in vadose zone soil (LL)
Dw = Diffusion coefficient in water (cm 2/s)
Ot = Total soil porosity (LL)
Kd = Soil-water sorption coefficient (cubic centimeters per gram [cm3/g]) (Koc x foc)

Koc = Carbon-water sorption coefficient (cm 3/g)
foc = Fraction organic carbon (unitless)

Variables:
VFout = Calculated

Da = Calculated

O/C = 5.89E+01 g/m 2-sec per kg/m 3 (See Table J-2)
T = 8E+08 s (represents 25-year exposure duration)

UC = 1 E-04 m2/cm 2

Pb = 1.69 g/cm3 (USEPA, 1996)
Oas = 0.098 LL (site-specific) (Ot - Ows)

Di = Chemical-specific (USEPA, 1996)
H'= Chemical-specific (USEPA, 1996)

Ows = 0.152 L/L (site-specific) (See Table J-1)
Dw = Chemical-specific (USEPA, 1996)
Ot = 0.25 LL (See text)
Kd = Chemical-specific (calculated)

Koc = Chemical-specific (USEPA, 1996)
foc = 0.012 unitless (site-specific) (average of samples from locations B422 and B440)

H' Koc Kd Di Dw Da VFout
Chemical (unitless) (cm 3/g cm3/ cm 2/s) (cm2/s) (cm2/s) m3 k
Volatiles
Tetrachloroethylene 7.54E-01 2.65E+02 I 3.18E+00 7.20E-02 8.20E-08 6.75E-05 1.06E+04

*USEPA, 2002
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Table J-4
Volatilization Factor to Outdoor Air from Soil *

Buildings 180/181 Area
Youth Trespasser Scenario

RI Report Addendum
DCF Study Area - Fort Riley, Kansas

E q u ati o n: [( E ) .33 x D , .... . 3 x D ,) / 0
VFout =Q/C x (3.14 xD. xT"' 2 xUC Where Da[ax xH-- . xDa

(2xPb ) W PbxKd +E., +E, xH'

VFout = Volatilization factor from soil to outdoor air (cubic meters per kilogram [m3/kg])

Q/C = Inverse of the mean concentration at the center of a 0.5 acre square source

(grams per squared meter-seconds per kilogram per cubic meter [g/m 2-s per kg/m 3])

Da = Apparent diffusivity (squared centimeters per second [cm2/s])

T = Exposure interval (seconds [s])

UC = er [m2/cm 2])

Pb = Dry soil bulk density (grams per cubic centimeter [g/cM 3])

Oas = Air-filled porosity in vadose zone soil (liters per liter [UL])

Di = Diffusion coefficient in air (cm2/s)
H' = Henry's law constant (unitless)

Ows = Water-filled porosity in vadose zone soil (L/L)

Dw = Diffusion coefficient in water (cm 2/s)
Ot = Total soil porosity (LL)
Kd = Soil-water sorption coefficient (cubic centimeters per gram [cm 3/g]) (Koc x foc)

Koc = Carbon-water sorption coefficient (cm3/g)
foc = Fraction organic carbon (unitless)

Variable :
VFout = Calculated

Da =Calculated

O/C = 5.89E+01 g/m 2-sec per kg/m3 (See Table J-2)
T = 9E+07 s (represents 3-year exposure duration)

UC = 1 E-04 m2/cm 2

Pb = 1.69 g/cm 3 (USEPA, 1996)
Oas = 0.098332 UL (site-specific) (Ot - Ows)

Di = Chemical-specific (USEPA, 1996)
H'= Chemical-specific (USEPA, 1996)

Ows = 0.152 L!L (site-specific) (See Table J-1)
Dw = Chemical-specific (USEPA, 1996)
Ot = 0.25 LL (See text)
Kd = Chemical-specific (calculated)

Koc = Chemical-specific (USEPA, 1996)

foc = 0.012 unitless (site-specific) (average of samples from locations B422 and B440)

H' Koc Kd Di Dw Da VFout

Chemical (unitless) (cm 3/g) (cm 3/g) (cm 2/s) (cm 2/s) (cm 2/s) (m3/kg)

Tetrachloroethylene 7.54E-01 2.65E+02 3.18E+00 7.20E-02 8.20E-06 6.86E-05 3.63E+03

•USEPA, 2002
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Table J-5
Volatilization Factor to Outdoor Air from Groundwater *

Buildings 180/181 Area
RI Report Addendum

DCF Study Area - Fort Riley, Kansas

Equatin:

H' X10, L
i Ua i Sr × g Mr3

W ws

Where:
VFwamb = Volatilization factor from groundwater to outdoor air (Liters per cubic meter [L/m 3])

H' = Henry's law constant (unitless)
Uair = Wind speed above ground surface in ambient mixing zone (centimeters per second [cm/s])
Sair = Ambient air mixing zone height (centimeters [cm])
Lgw = Depth to groundwater, which = hcap + hv (cm)

hcap = Thickness of capillary fringe (cm)
hv = Thickness of vadose zone (cm)
W = Width of source area parallel to wind, or groundwater flow direction (cm)

Deffws = Effective diffusion coefficient between groundwater and soil surface (squared
centimeters per second [cm2/s])

Variables:
VFwamb = Calculated

H' = Chemical-specific (USEPA, 1996)
Uair = 447 cm/s (site-specific) (See Section 3.3)
Sair = 200 cm (default breathing zone height)

hcap = 5 cm (ASTM, 1995)
hv = 1,226 cm (site-specific)

Lgw = 1,231 cm (site-specific) (average distance from 1 0-ft excavation to groundwater)
W = 3,048 cm (site-specific) (distance between DCF93-13 and DCF01-40)

Deffws = Calculated (See Table K-7)

H' Deffws VFwamb
Chemical (unitless) (cm 2/s) (L/m3)
cis-1,2-Dichloroethylene 1.67E-01 4.51 E-04 2.09E-06
Isopropylbenzene NAv NC NC
tert-Butylbenzene NAv NC NC
Tetrachloroethylene 7.54E-01 3.88E-04 8.11 E-06
trans-1,2-Dichloroethylene 3.85E-01 4.07E-04 4.34E-06
Trichloroethylene 4.22E-01 4.40E-04 5.14E-06
Trichloromethane 1.50E-01 6.18E-04 2.57E-06
Vinyl chloride 1.11E+00 5.44E-04 1.67E-05

Notes:
NAv - Value not available
NC - Value not calculated
•ASTM, 1995
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Table J-6

Volatilization Factor to Outdoor Air from Groundwater *

Transition Zone/island Area
RI Report Addendum

DCF Study Area - Fort Riley, Kansas

Equation:

VF.b H' ×10 3 L
U air X Sair x L w m

W x D eff
ws

Whre
VFwamb = Volatilization factor from groundwater to outdoor air (Liters per cubic meter [L/m 3])

H' = Henry's law constant (unitless)
Uair = Wind speed above ground surface in ambient mixing zone (centimeters per second [cm/s])
Sair = Ambient air mixing zone height (centimeters [cm])
Lgw = Depth to groundwater, which = hcap + hv (cm)

hcap = Thickness of capillary fringe (cm)
hv = Thickness of vadose zone (cm)
W = Width of source area parallel to wind, or groundwater flow direction (cm)

Deffws = Effective diffusion coefficient between groundwater and soil surface (squared
centimeters per second [cm2/s])

Variables:
VFwamb = Calculated

H' = Chemical-specific (USEPA, 1996)
Uair = 447 cm/s (site-specific) (See Section 3.3)
Sair = 200 cm (default breathing zone height)

hcap = 5 cm (ASTM, 1995)
hv = 647 cm (site-specific)

Lgw = 652 cm (site-specific)
W = 30,480 cm (site-specific) (distance between DCF02-42 and DCF02-44A)

Deffws = Calculated (See Table J-8)

H' Deffws VFwamb
Chemical (unitless) (cm 2/s) (Um 3)

cis-1,2-Dichloroethylene 1.67E-01 4.43E-04 3.87E-05
Tetrachloroethylene 7.54E-01 3.47E-04 1.37E-04
Toluene 2.72E-01 4.58E-04 6.52E-05
trans-1,2-Dichloroethylene 3.85E-01 3.82E-04 7.68E-05
Trichloroethylene 4.22E-01 4.02E-04 8.88E-05
Vinyl Chloride 1.11E+00 4.71E-04 2.73E-04

•ASTM, 1995
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Table J-7
Effective Diffusion Coefficient Between Groundwater and Soil Surface*

Buildings 180/181 Area
RI Report Addendum

DCF Study Area - Fort Riley, Kansas

Equation:

(hcap +hv)

E= h p + h ,

D eff Df

cap Deff

Where:
Deffws = Effective diffusion coefficient between groundwater and soil surface (squared

centimeters per second [cm2/s])
hcap = Thickness of capillary fringe (centimeters [cm])

hv = Thickness of vadose zone (cm)
Deffcap = Effective diffusion coefficient through capillary fringe (cm 2/s)

Deffs = Effective diffusion coefficient in soil based on vapor-phase concentration (cm 2/s)

Variables:
Deffws = Calculated

hcap = 5 cm (ASTM, 1995)
hv = 1,226 cm (site-specific) (average distance from 10-ft excavation to groundwater)

Deffcap = Chemical-specific (See Table J-9)
Deffs = Chemical-specific (See Table J-1 1)

Deffcap Deffs Deffws
Chemical (cm2/s) (cmls) (cm 2ls)

cis-1,2-Dichloroethylene 1.30E-05 5.23E-04 4.51 E-04
Isopropylbenzene NC NC NC
tert-Butylbenzene NC NC NC
Tetrachloroethylene 6.54E-06 5.1 OE-04 3.88E-04
trans-1,2-Dichloroethylene 8.68E-06 5.01 E-04 4.07E-04
Trichloroethylene 8.25E-06 5.60E-04 4.40E-04
Trichloromethane 1.51 E-05 7.38E-04 6.18E-04
Vinyl chloride 7.97E-06 7.50E-04 5.44E-04

Notes:
NC - Value not calculated
*ASTM, 1995
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Table J-8
Effective Diffusion Coefficient Between Groundwater and Soil Surface*

Transition Zone/Island Area
RI Report Addendum

DCF Study Area - Fort Riley, Kansas

Equation:

(hcap +h)

WS hcap + h v

LDeff D Jeff
L cap S J

Where:
Deffws = Effective diffusion coefficient between groundwater and soil surface (squared

centimeters per second [cm2/s])
hcap = Thickness of capillary fringe (centimeters [cm])

hv = Thickness of vadose zone (cm)
Deffcap = Effective diffusion coefficient through capillary fringe (cm2/s)

Deffs = Effective diffusion coefficient in soil based on vapor-phase concentration (cm 2/s)

Variableso
Deffws = Calculated

hcap = 5 cm (ASTM, 1995)
hv = 647 cm (site-specific)

Deffcap = Chemical-specific (See Table J-10)
Deffs = Chemical-specific (See Table J-12)

Deffcap Deffs Deffws
Chemical (cm 2/s) (cm 2/s) (cm2/s)
cis- 1,2-Dichloroethylene 1.30E-05 5.96E-04 4.43E-04
Tetrachloroethylene 6.54E-06 5.81 E-04 3.47E-04
Toluene 9.96E-06 7.03E-04 4.58E-04
trans-1,2-Dichloroethylene 8.68E-06 5.71 E-04 3.82E-04
Trichloroethylene 8.25E-06 6.38E-04 4.02E-04
Vinyl Chloride 7.97E-06 8.55E-04 4.71 E-04

*ASTM, 1995
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Table J-9
Effective Diffusion Coefficient Through Capillary Fringe*

Buildings 180/181 Area
RI Report Addendum

DCF Study Area - Fort Riley, Kansas

Equaion:
____ ( ..,, ,0333 0 .33

Deff =D' aca + DW xI
cap E02 H' ) 21

T T

Where:
Deffcap = Effective diffusion coefficient through capillary fringe (squared centimeters per second [cm2/s])

Di = Diffusion coefficient in air (cm2/s)
Oacap = Air-filled porosity in capillary fringe soils (liters per liter [L/L])

Dw = Diffusion coefficient in water (cm2/s)
Owcap = Water-filled porosity in capillary fringe soils (LL)

Ot = Total soil porosity (L/L)
H' = Henry's law constant (unitless)

Variable Values:
Deffcap = Calculated

Di = Chemical-specific (USEPA, 1996)
Oacap = 0.025 L'L (site-specific) (10 percent of Ot)

Dw = Chemical-specific (USEPA, 1996)
Owcap = 0.225 LL (site-specific) (90 percent of Ot)

Ot = 0.25 L/L (See text)
H'= Chemical-specific (USEPA, 1996)

Di Dw H' Deffcap

Chemical (cm 2/s) (cm 2/s) (unitless) (cm 2/s)

cis- 1,2-Dichloroethylene 7.36E-02 1.1 3E-05 1.67E-01 1.30E-05
Isopropylbenzene NAy NAy NAy NC
tert-Butylbenzene NAy NAy NAy NC
Tetrachloroethylene 7.20E-02 8.20E-06 7.54E-01 6.54E-06
trans-i ,2-Dichloroethylene 7.07E-02 1.1 9E-05 3.85E-01 8.68E-06
Trichloroethylene 7.90E-02 9.1 OE-06 4.22E-01 8.25E-06
Trichloromethane 1.04E-01 1.OOE-05 1.50E-01 1.51E-05
Vinyl chloride 1.06E-01 1.23E-06 1.11 E+00 7.97E-06

Notes:
NAy - Value not available
NC - Value not caluclated
• ASTM, 1995
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Table J-10
Effective Diffusion Coefficient Through Capillary Fringe*

Transition Zone/Island Area
RI Report Addendum

DCF Study Area - Fort Riley, Kansas

Equation:

_ 3-33 ( 1 _ 
3. 3

Deff = D' E)ap + DW E Icap E)2  ' E)2
T H

Where:
Deffcaip: l Effective diffusion coefficient through capillary fringe (squared centimeters per second [cm2/s])

Di = Diffusion coefficient in air (cm 2/s)
Oacap = Air-filled porosity in capillary fringe soils (liters per liter [L/L])

Dw = Diffusion coefficient in water (cm 2/s)
Owcap = Water-filled porosity in capillary fringe soils (LL)

Ot = Total soil porosity (LL)
H' = Henry's law constant (unitless)

lariable Values:
Deffcap = Calculated

Di = Chemical-specific (USEPA, 1996)
Oacap = 0.025 L/L (site-specific) (10 percent of Ot)

Dw = Chemical-specific (USEPA, 1996)
Owcap = 0.225 L/L (site-specific) (90 percent of Ot)

Ot = 0.25 LL (See text)
H'= Chemical-specific (USEPA, 1996)

Di Dw H' Deffcap
Chemical (cm 2/s) (cm 2/s) (unitless) (cm 2/s)
cis-1,2-Dichloroethylene 7.36E-02 1.13E-05 1.67E-01 1.30E-05
Tetrachloroethylene 7.20E-02 8.20E-06 7.54E-01 6.54E-06
Toluene, 8.70E-02 8.60E-06 2.72E-01 9.96E-06
trans-i ,2-Dichloroethylene 7.07E-02 1 .19E-05 3.85E-01 8.68E-06
Trichloroethylene 7.90E-02 9.1 OE-06 4.22E-01 8.25E-06
Vinyl Chloride 1.06E-01 1.23E-06 1.11E+00 7.97E-06

ASTM, 1995
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Table J-1 1
Effective Diffusion Coefficient in Soil*

Buildings 180/181 Area
RI Report Addendum

DCF Study Area - Fort Riley, Kansas

Equation:

E ) 3.33 E " .3

Deff = D as + DWx X ws
E2 ~H' (E) 

Where.: ,' .'\

Deffs = Effective diffusion coefficient in soil (squared centimeters per second [cm2/s]).,-&
Di = Diffusion coefficient in air (cm2/s) . , I :: _ ;  - I _i

Oas = Air-filled porosity in vadose zone soils (liters per liter [L/L])
Dw = Diffusion coefficient in water (cm2/s)

Ows = Water-filled porosity in vadose zone soils (LL)
Ot = Total soil porosity (U!L)
H' = Henry's law constant (unitless)

Variable Values: V o ;d -.,
Deffs = Calculated

Di = Chemical-specific (USEPA, 1996)
Oas = 0.098 LL (site-specific) (Ot - Ows)
Dw = Chemical-specific (USEPA, 1996)

Ows = 0.152 L/L (site-specific) (See Table J-1)
Ot = 0.25 L/L (See text)
H' = Chemical-specific (USEPA, 1996)

Di Dw H' Deffs.
Chemical (cm2ls) (cm2/s) (unitless) (cm 2/s)

cis- 1,2-Dichloroethylene 7.36E-02 1.1 3E-05 1.67E-01 5.23E-04
Isopropylbenzene NAv NAv NAv NC
tert-Butylbenzene NAv NAv NAv NC
Tetrachloroethylene 7.20E-02 8.20E-06 7.54E-01 5.1 OE-04
trans-i ,2-Dichloroethylene 7.07E-02 1.1 9E-05 3.85E-01 5.01 E-04
Trichloroethylene 7.90E-02 9.10E-06 4.22E-01 5.60E-04
Trichloromethane 1.04E-01 1.O0E-05 1.50E-01 7.38E-04
Vinyl chloride 1.06E-01 1.23E-06 1.11E+00 7.50E-04

Notes:
NAv - Value not available
NC - Value not caluclated
*ASTM, 1995
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Table J-12
Effective Diffusion Coefficient in Soil*

Transition Zone/Island Area
RI Report Addendum

DCF Study Area - Fort Riley, Kansas

Equationn

Deff = D -asO" + Dw x -x )O"
0T  H1 "T7-

Where:
Deffs = Effective diffusion coefficient in soil (squared centimeters per second [cm 2/s])

Di = Diffusion coefficient in air (cm 2/s)
Oas = Air-filled porosity in vadose zone soils (liters per liter [L/L])
Dw = Diffusion coefficient in water (cm 2/s)

Ows = Water-filled porosity in vadose zone soils (LL)
Ot = Total soil porosity (LL)
H' = Henry's law constant (unitless)

/ariable Values:
Deffs = Calculated

Di = Chemical-specific (USEPA, 1996)
Oas = 0.102 LL (site-specific) (Ot - Ows)
Dw = Chemical-specific (USEPA, 1996)

Ows = 0.148 L/L (site-specific) (See Table J-1)
Ot = 0.25 LL (See text)
H'= Chemical-specific (USEPA, 1996)

Di Dw H' Deffs
Chemical (cm 2/s) (cm 2/s) (unitless) (cm 2/s)
cis-1,2-Dichloroethylene 7.36E-02 11.13E-05 1.67E-01 5.96E-04
Tetrachloroethylene 7.20E-02 8.20E-06 7.54E-01 5.81 E-04
Toluene 8.70E-02 8.60E-06 2.72E-01 7.03E-04
trans-i ,2-Dichloroethylene 7.07E-02 1.1 9E-05 3.85E-01 5.71 E-04
Trichloroethylene 7.90E-02 9.1 OE-06 4.22E-01 6.38E-04
Vinyl Chloride 1.06E-01 1.23E-06 1.11 E+00 8.55E-04

*ASTM, 1995
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