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APPENDIX A 

ACRONYMS AND ABBREVIATIONS 



LIST OF ACRONYMS AND ABBREVIATIONS 

ACD Air Curtain Destructor 
ACL Alternate Concentration Limit 
ACO Administrative Contracting Officer 

ARARs Applicable or Relevant and Appropriate Requirements 
ASTM American Society for Testing and Materials 

atm-m3/mole Atmosphere - cubic meter per mole 
BCF Bioconcentration Factor 

BCM Betz-Converse-Murdock, Inc. 
bgs Below Ground Surface 

BTU British Thermal Unit 
CAA Clean Air Act 
CBC Complete Blood Count 

CL Silty Clay 
CIH Certified Industrial Hygienist 

CMS Corrective Measures Study 
COC Chain of Custody 
COD Chemical Oxygen Demand 

CRAVE Carcinogenic Risk Assessment Verification Endeavor 
CTM Charles T. Main of Virginia, Inc. 
CWA Clean Water Act 
dBA Decibel 
DCL Data Chem Laboratories 
DNT Dinitrotoluene 

E Exposure Level 
EM Electromagnetic 
EP Extract Procedure 

FAL Fly Ash Landfill 
FLFA Former Lead Furnace Area 

Fm. Formation 
FVC Forced Vial Capacity 

FWQC Federal Water Quality Criteria 
GCMS Gas Chromatograph Mass Spectrometer 

GM Silty Gravel 
GOCO Government-owned, Contractor-operated 

GW Groundwater 
HBN Health-based Number 

HEAST Health Effects Assessment Summary Tables 
HI Hazard Index 

HMX High melting point explosive 
HSP Health and Safety Plan 

HSWA Hazardous and Solid Waste Amendments 
ID Identification Number 
IR Installation Restoration 

IRDMIS Installation Restoration Data Management Information System 
IRFDS Inhalation Reference Doses 

ISF Inhalation Slope Factor 
IVR Inhalation Unit Risks 
KC1 Potassium Chloride 
KoC Organic Carbon (soils) Partition Coefficient 
KoW Octanollwater Partition Coefficient 

LQAC Laboratory QA Coordinator 
MCL Maximum Contaminant Level 

MCLG Maximum Contaminant Level Goals 
MDL Method Detection Limits 

mglkg Milligrams Per Kilogram 
mg/L Milligrams Per Liter 



LIST OF ACRONYMS AND ABBREVIATIONS 

mgd 
ML 

mm-Hg 
mph 

MSDS 
msl 

MTBE 
MW 
NBS 
NC 
ND 

NEIC 
NG 

NIST 
NROW 

NRVPDC 
Parsons ES 

PAHs 
PC 

PEF 
PID 

PN A 
PPE 
PQL 

psi 
PVC 
QA 

QAP 
QAPP 

QC 
RAAP 
RAGS 

RBC 
RCRA 

RfC 
RfD 
RFI 
RL 

RME 
ROW 
RPD 
RW 
SB 

SCS 
SE 

S ES 
SF 

SM 
SO 

SOP 
SS 

svoc 
SW 

SWMU 
TAL 

Million Gallons Per Day 
Sandy Silt 
Millimeters of Mercury 
Miles Per Hour 
Material Safety Data Sheet 
Mean Sea Level 
Methyl Tertiary Butyl Ether 
Monitoring Well 
National Bureau of Standards 
Nitrocellulose 
Nondetect 
National Enforcement Investigation Center 
Nitroglycerin 
National Institute of Standards and Technology 
New River Ordnance Works 
New River Valley Planning District Commission 
Parsons Engineering Science, Inc. 
Polynuclear Aromatic Hydrocarbons 
Personal Computer 
Particulate Emission Factor 
Photoionization Detector 
Polynuclear Aromatic Hydrocarbons 
Personal Protective Equipment 
Practical Quantification Limit 
Pounds per Square Inch 
Polyvinyl Chloride 
Quality Assurance 
Quality Assurance Plan 
Quality Assurance Project Plan 
Quality Control 
Radford Army Ammunition Plant 
Risk Assessment Guidance for Superfund 
Risk Based Concentration 
Resource Conservation and Recovery Act 
Reference Concentration 
Reference Dose 
RCRA Facility Investigation 
Reporting Limit 
Reasonable Maximum Exposure 
Radford Ordnance Works 
Relative Percent Difference 
DrillingJRinse Water 
Soil Boring 
Soil Conservation Service 
Sediment 
Safety and Environmental Service 
Slope Factor 
Silty Sand 
Soil 
Standard Operating Procedure 
Surface Soil 
Semivolatile Organic Compound 
Surface Water 
Solid Waste Management Unit 
Target Analy te List 



LIST OF ACRONYMS AND ABBREVIATIONS 

TBC 
TBD 
TCE 

TCLP 
TEFs 

TIC 
TNT 
TOC 
TOX 
TPH 
Clgg 

USAEC 
US AEH A 

US ATHAMA 
USCS 

USDOT 
USEPA 

UST 
VDMR 

VI 
VOC 

VPI&SU 
WQC 

To Be Considered 
To Be Determined 
Trichloroethene 
Toxic Characteristic Leaching Procedure 
Toxicity Equivalency Factors 
Tentatively Identified Compound 
Trinitrotoluene 
Top of Well Casing or Total Organic Carbon 
Total Organic Halogens 
Total Petroleum Hydrocarbon 
Micrograms Per Gram 
Micrograms Per Liter 
U. S. Army Environmental Center 
U.S. Army Environmental Hygiene Agency 
U.S. Army Toxic and Hazardous Materials Agency 
Unified Soil Classification System 
U. S. Department of Transportation 
U. S. Environmental Protection Agency 
Underground Storage Tank 
Virginia Division of Mineral Resources 
Verification Investigation 
Volatile Organic Compound 
Virginia Polytechnic Institute and State University 
Walter Quality Criteria 



APPENDIX B 

GROUNDWATER USAGE - WELL INVENTORY 



PROPERTY OWNERS WITHIN 1 MILE OF RAAP 
WITH PRIVATE WATER WELL SUPPLIES 

LONGSHOP-McCOY AREA RESIDENTS 

Michael Graham* 
Route 3,  Box 1304-A 
Blacksburg, VA 24060 

Richard Hinkson* 
2065 Aviation Yacht Club Road 
Mechanicsville, MD 20659 
(residence at 49 18 McCoy Road) 

Ronnie and Ella Roop* 
1500 Staples Street 
Radford, VA 24 14 1 
(owners of Prices Fork property) 

Douglas H. Frey 
Route 3, Box 488 
Blacksburg, VA 24060 

David S. Rowe 
3 198 Mathews Lane 
Blacksburg, VA 24060 

Vivian Vyule 
4760 Prices Fork Road 
Blacksburg, VA 24060 

Carmon M. Smith 
3928 McCoy Road 
Blacksburg, VA 24060 

James V. Noonkester 
Route 2, Box 450 
Blacksburg, VA 24060 

* GW-2 Waterwell Completion reports available. 

Steve Graham* 
45 13 Mount Zion Road 
Blacksburg, VA 24060 

Mode A. Johnson 
609 N. Main Street, #1 
Blacksburg, VA 24060 

Charles R. Sheppard 
Route 2, Box 34 1 
Blacksburg, VA 24060 

Edward A. Mullins 
Route 2, Box 329 
Blacksburg, VA 24060 

Charles E. Snow* 
Route 2, Box 55 1 
Blacksburg, VA 24060 

Freddie L. Oliver 
36 1 1 McCoy Road 
Blacksburg, VA 24060 

Ira Long 
3870 Prices Fork Road 
Blacksburg, VA 24060 



PROPERTY OWNERS WITHIN 1 MILE OF RAAP 
WITH PRIVATE WATER WELL SUPPLIES (Continued) 

RIVER BLUFFS SUBDIVISION RESIDENTS 

Kenneth R. Church 
P.O. Box 3279 
kidford, VA 24143 

J.R. and Judy Willoughly 
Route 2, Box 366 
RaCford, VA 24143 

Cians ton Tickle 
Rcute 2, Box 26 1 
Radford, VA 24143 

Cheryl Austin 
Route 2 
Radford, VA 24.143 

Philip Mabe 
Route 2 
Radford, VA 24143 

Gary Hughes 
Route 2 
Radford, VA 24.143 

D.L. Dalton 
Route 2, Box 356 
Radford, VA 24143 

Terry St. Clair 
Route 2 
Radford, VA 24143 

David Wright 
Route 2 
Radford, VA 24143 

Jo Ann Bingham 
Route 2 
Radford, VA 24143 

Section 111, Lot 6 

Section 11, Lot 40 

Section 11, Lot 45 

Section 111, Lot 17 
(ex tended) 

Section 11, Lot 51A 

Section 11, Lot 43 

Section 11, Lot 55 

Section 11, Lots 21, 22 

Section 11, Lot 42 

Section I, Lot 1 



PROPERTY OWNERS WITHIN 1 MILE OF RAAP 
WITH PRIVATE WATER WELL SUPPLIES (Continued) 

RIVER BLUFFS SUBDIVISION RESIDENTS 

Perry and Norma Boone 
Route 2 
Radford, VA 24143 

Roger D. King 
Route 2 
Radford, VA 24143 

Allen Wilq  
Route 2 
Radford, VA 24143 

Curtis Lawson 
Route 2 
Radford, VA 24143 

Ronnie Dalton 
Route 2 
Radford, VA 24143 

Jessee White 
Route 2 
Radford, VA 24143 

Benton Miller 
Route 2 
Radford, VA 24143 

Lloyd Loftas 
Route 2 
Radford, VA 24143 

Section 11, Lot 54 

Section 11, Lot 56 

Section 11, Lot 32 

Section I, Lot 7 

Section 11, Lot 16 

Section 11, Lot 5 

Section 11, Lot 8 
(extended) 

Section 11, Lot 10 



PROPERTY OWNERS WITHIN 1 MILE OF RAAP 
WITH PRIVATE WATER WELL SUPPLIES (Continued) 

GATE TEN ROAD RESIDENTS 

Robert Pannell 
Route 2 
Radford, VA 24143 

Bob Hosp 
Route 2 
Radford, VA 24143 

Ms. Thaddus Lee 
Route 2 
Radford, VA 24.143 



PUBLIC WATER SUPPLY WELLS 
IN THE VICINITY OF RAAP 

PULASKI COUNTY 

Location &scription Number of Public Wells 

Eagleview Trailer Park 1 112 miles SW of RAAP; 
along Route 600 

Trigg Trailer Park 2 112 miles SW of RAAP; 
near town uf New River 

River Bend Subdivision 1 I2 mile SW of RAAP; 
west or Pepper, VA, along 
Route 114 

Sunset Terrace Apartment 314 mile SW of RAAP; 
Complex west of Pepper, VA, along 

Route 114 

River Bend Trailer Park 1 mile SW of RAAP; west 
of Pepper, VA, along 
Route 114 

Polyester Trailer Park 2 miles south of RAAP; in 
meander loop of New 
River 



PUBLIC WATER SUPPLY WELLS 
IN THE VICINITY OF RAAP (Continued) 

MONTGOMERY COUNTY 

Location Description Number of Public Wells 

Phillips Acres Subdivision 2 112 miles east of RAAP; 
1 mile east of Prices Fork 

Prices Fork Area 1 112 miles east of WAP; 
112 mile south of Rice-, 
Fork 

Vicker Heights Subdivision 3 miles east of RI-jP; 114 
mile south of Route ! 14 
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LITHOLOGIC LOGSIWELL CONSTRUCTION RECORDS 
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CONTRACTOR: CT 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD: HSA 

DTW FROM TOC: NA 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 17ASB1 
j 
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PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 

LOCATION: SWMU17A 

WEATHER; COLD, 20' F 

DATE/TIME START: 12/13/Q4 0840 

CONTRACTOR: CT 6 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD: HSA 

DTW FROM TOC: NA 
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I CONTRACTOR: CT I PARSONS I BORING NO:~TASBJI 

I GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD: HSA 

DTW FROM TOC: NA 

DATEITIME: NA 

DRILLING RECORD 
WEATHER: COLD. 20' F 

PROJECT NAME: 

HSA - HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 4 INCH DIAMETER BORING 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE g = WATER LEVEL GROUTED TO SURFACE 

PAGE 1 of 1 
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CONTRACTOR: CT 

GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD: 

DTW FROM TOC: NA 

DATE/TIME: NA 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 17CSB1 
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CONTRACTOR: CT 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD:HSA 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

1 

BORING NO: 17CSB2 

LOCATION: SwMul7c 
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I GEOLOGIST: BACHOVCHINIGLENNIE I ENGINEERING-SCIENCE, INC. 1 s ~ ~ u  170 1 
2.d 

DRILLING METHOD: HSA 

DTW FROM TOC: NA 

DATEITME: NA 

,I DRILLING RECORD /I 

BORING NO: 
I CONTRACTOR: CT 

WEATHER: COLD, 25' F 

DATEITIME START: 12/13/Q4 1555 

DATEITIME FINISH: 12/131Q4 1720 

PARSONS 

PAGE 1 of 2 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE 8 = WATER LEVEL 

4 INCH DIAMETER BORING 
GROUTED TO SURFACE 



HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS - GRAB SAMPLE 4 INCH DIAMETER BORING 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE = HATER LEVEL GROUTED TO SURFACE 

- -- - 

PAGE 2 of 2 
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CONTRACTOR: CT & E 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD: 

DTW FROM TOC: NA 

DATE/TIME: NA 

- 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: F 
PROJECT NO.: 722843 

BORING NO: 

LOCATION: SWMU 17D 

WEATHER: COLD, 25' F 
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PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 31MW1 

LOCATION: SHMU31 - 

UPGRADIENT OF LAGOONS 

WEATHER: COLD, 35' F 

DATE/TIME START: 12/15/04 1500 

DATE/TIME FINISH: 12/16/Q4 1630 

CONTRACTOR: CT E 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD: HSA 
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2- 

LY L 
> 

3 o n m  
5 ", 

5,s 
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7, 
100/5 

100/6 

STEM AUGER 

WELL 
COMPLETION 

' 
50 

50 

25 

HOLLOW 

5 

1 

7 

6J 8 

CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. = LAB SAMPLE g = WATER LEVEL 

TOC 

1.6 ' 
STICK UP 

-3 

-4 

Q- 

10- 

11- 

12- 

13- 

14- 

15- 

16- 

17- 

18- 

19- 

4 INCH ID PVC, SCH 40 
0.01 INCH SLOT SCREEN 

0.0 

7.8 

4.3 

V, 
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o , &  
5 
n a g  
o ( , j  

/ / -  / / - '  

A 

ML 

2 

3 

I- 
Z 

o 
z 

HS 

SS 

SS 

LITHOLOGY/REMARKS 

SILT AND CLAY. DARK BROWN 

W 

17t5.04' / / +  
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4 
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41 
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4 6  
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TO 

SURFACE I 8  
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I- " z a I -  
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2 

HSA = 

4 0  

-20 
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3 2  

-23 
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-25 
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-27 
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sM 

----- 

SWITCHED TO AIR ROTARY DRILLING 

SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 

GW/SM 

SAND AND GRAVEL. SOME SILT, 
LIGHT GRAY CUTTINGS 1 

11 

(1 

11  

*I 

( I  

I 

I ,  
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CONTRACTOR: CT E 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD: HSA 

DTW FROM TOC: 42 FT SURFACE) 

OATE/TIME: 12/16/94 1600 

- 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 31MW1 

LOCATION: SWMU31 
UPGRADIENT OF LAGOONS 

WEATHER: COLD. 35' F 

DATE/TIME START: 12/15/04 lSoO 

DATE/TIME FINISH: 12/18/04 1630 

I I 0 0 

t b  I )  0 

I I 1 GROUT 

SAND, BECOMING WEATHERED. 
CUTTINGS CHANGE COLOR TO 
GREEN-BROWN AT 35 FEET 

TO50'  

DRILLING RATE (1 FOOT/2 MINUTES) 

I- 
k 
I 
I- 

% 
n 

LITHOLOGIC 
COLUMN 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE !j = WATER LEVEL 

6 6 6  

WELL 
COMPLETION 

I- 

4 INCH ID PVC. SCH 40 
0.01 INCH SLOT SCREEN 

LITHOLOGY /REMARKS 

& = >  

z r r  
b z  
O W a  

I- 

a e  
2 %  

m ~ a m  

w 0 
t 3 - 4  

o g a  - = 
w. 
a 

2 

I- 

CJ 
z 
5 

8 
3 



I CONTRACTOR: CT I PARSONS I BORING N O : 3 1 ~ ~ 2 1  '- 1 GEOLOGIST: BACHOVCHlN/GLENNlE I ENGINEERING-SCIENCE. INC. /LOCATION: sw~u  31 

1 DRILLING METHOD: I DRILLING RECORD 
/ NEAR EAST LAGOON 

WEATHER: SHOWERS, 35' F 

DTW FROM TOC: 25 FT 

CLIENT: US AEC 
DATE/TIME START: 12/14/Q4 OQ20 

DATE/TIME: 12/14/94 1530 DATE/TIME FINISH: 12/14/Q4 1100 

PAGE 1 of 1 

FNTQ 
4 INCH I D  PVC, SCH 40 
0.01 INCH SLOT SCREEN 

' 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE = WATER LEVEL 



PAGE 1 of 1 

GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD: HSA ILLING RECORD 

DTW FROM TOC: 23.18 FT 
DATEITIME START: 

DATE/TIME: 12/15/84 0820 

LITHOLOGY/REMARKS 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE g = WATER LEVEL 

4 INCH I D  PVC, SCH 40 
0.01 INCH SLOT SCREEN 
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CONTRACTOR: CT 6 E 

GEOLOGIST: BAcHovcHIN/GLENNIE 

DRILLING METHOD: HSA/AIR 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

B O R I N G  NO: 31MW4 

LOCATION: S * I U ~ ~  
WESTLAGOON 

DTH FROM TOC: 23.8 FT 

DATE/TIME: 12/15/04 1320 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

WEATHER: SHOWERS. 40' F 

DATE/TIME START: 12/15/04 Oa40 

OATE/TIME FINISH: 12/15/04 1200 

1- 

2- 

3- 

4- 

5- 

6- 

7 - 
8- 

0- 

10- 

11- 

12- 

13 - 
14- 

15- 

16- 

17- 

18- 

10- 

20 - 

22- 

23- 

24- 

25- 

26- 

27- 

28- 

29- 

30- 

31- 

32 - 
33- 

34- 

35- 

LITHOLOGIC 
COLUMN 

- 
I- 

1 

2% 

3 

21-4* 

5 

WELL 
COMPLETION 

' L C  

: n o  
W z , "  O m a  

- 
C- 
LL - 
1 
C- 

8 o 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON B H  = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE = WATER LEVEL 

80 

75 

80 

5 

5 

F N T S  
4 INCH I D  PVC, SCH 40 
0.01 INCH SLOT SCREEN 

W 

a 

5,8 
7,7 

37.8 
8.7 

11,s 
8,s 

11.10 
28,34 

100/5 

t- 

I o 

0.8 

1.8 

1.0 

3.3 

0.0 

SILT, SOME CLAY. L ITTLE SAND, / / .  
DARK BROWN TOC / /  3 

1608.6' / / -2 

HS S S  

SILT  AND CLAY, B 

HS S S  GM/ML 

HS S S  

HS S S  

SS SS LMSN 

LIMESTONE, GRAY. WEATHERED 

-31 

-32 

-33 

-34 

1 I I -35 

- *  
8 8 %  - LITHOLOGY/REMARKS 

LY 
P. 
t 
t- 

o. 
5 

t- 

E " 
& ; E r n  

In 

~n 
3 



PAGE 1 of ' 

CONTRACTOR: CT 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD: HSA 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

BORING NO: 48SB4 

LOCATION: SWMU48 
UPPER DISPOSAL AREA 

WEATHER: DAMP, 40' F 

DATE/TIME START: l2/l7IQ4 OB50 

DATE/TIME FINISH: 12/17/04 lo50 

DTW FROM TOC: NA 

DATE/TIME: NA 

LITHOLOGIC 
COLUMN 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

WELL 
COMPLETION 

SURFACE 
ELEVATION 

1830.4' 
IMSL) 

3- 

4- 

5- 

8- 

7- - 
8- 

Q- 

10 - 
11- 

12- 

13- 

14- 

15- 

18- 

17- 

18- 

IQ- 

20 - 
21- 

22- 

23- 

24- 

25- 

HSA 

I 

0 

11 

-3 

-4 

-5 

-6 

-7 

-8 

-Q 

-10 

-ll 

-12 

-13 

-14 

4 5  

-16 

-17 

-18 

4 0  

4 0  

*l 

-22 

1 3  

-24 

-25 

- 
t 
u - 
1 
t 

& 
o 

-4 

-2 

1 

2 

3q 

4 

5 

6 

7* 

= 

100 

100 

75 

10 

0 

0 

10 

HOLLOW 
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SS 
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SS 
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SS 
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SS 
20'-21' 

SS = 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE 8 = WATER LEVEL 

4 INCH DIAMETER BORING 
GROUTED TO SURFACE 

CL 

----- 

SM 

----- 

GMISM 

0 

4 ,  

I F  

t l  

+ & A  

- 
t - 
I 
n 

1- 

2- 

HS 

HS 

HS 

HS 

SS 

LY 
Q > 

% 
a 

NA 

NA 

NA 

4" 

E O  
2" 

46, 
l!u 

5" 

3 7 3 4  
100 
7 3 

STEM AUGER 

I 1  

u s >  
t ; :  

O m a  

n 
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ML ----- 

I 

SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 

1.2 

2.0 

3.8 

0.0 

2.0 

I 

, D  

I) 

1) 

CLAY AND SILT. LITTLE SAND, - 
BROWN-ORANGE. MICACEOUS AT 0 
FEET 

SAND AND SILT, LITTLE CLAY. 
ORANGE-BROWN 

HARD DRILLING AT 14 FEET DUE TO - GRAVEL 

V) 

V) 
3 

GM 

----- 

GRAVEL, SAND AND SILT, BROWN, 
PEBBLE TO COBBLE SIZE GRAVEL 

LITHOLOGY/REMARKS 

GRAVEL AND ASH, SOME SILT, 
BLACK 

t 
a 

o o w , o  
% 

m n a ~ )  

t = 

3 
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I )  

( I  

1 1  
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4) 
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CONTRACTOR: CT 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD: IiSA 

DTW FROM TOC: NA 

DATE/TIME: NA 

- 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 48SE35 

LOCATION: SWMU48 
LOWER DISPOSAL AREA 

WEATHER: DAMP, 45' F 

DATE/TIME START: 12/17/Q4 

DATEITIME FINISH: 12/17/Q4 1510 

LITHOLOGY/REMARKS 

SILT, SOME SAND, SOME CLAY, DARK 
ORANGE-BROWN 

I- at I- I- U J  n 
5 - "  > & a >  I- = o g a  u r n  
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I I 4 1 3  
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LITHOLOGIC 
CrjLUMN 
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CL 
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SPLIT 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. M = LAB SAMPLE g =  WATERLEVEL 

SILT AND SAND, GRAVEL. 
ORANGE-BROWN. HYDROCARBON 
ODOR AT 10.5 FEET 

SILT AND CLAY, SOME SAND. LIGHT 
BROWN. STRONG HYDROCARBON 
ODOR. SOME GRAVEL 

SILT AND SAND, YELLOW-BROWN, 
GRAVEL. STRONG HYDROCARBON 
ODOR ' 
SILT, SOME SAND. LITTLE CLAY, 
WEATHERED GREEN SILTSTONE, 
STRONG HYDROCARBONODOR 

CLAY AND SILT, ORANGE, 
INTERBEDDEDWEATHERED 
SILTSTONE, HYDROCARBON ODOR 
DECREASING TO BOTTOM. MORE 
COMPETENT SILTSTONE, GREEN AT 
35 FEET 

END OF BORING AT 37 FEET 

SPOON BH = BORE HOLE HS = HEADSPACE 

2 

3 

100 

4 INCH DIAMETER BORING 
GROUTEDTO SURFACE 

75 

25 

NA 

12 

13- 
14- 

15- 
16- 

17- 

l8_ 19 
20- 

21- 
22- 
23- 

24- 
25- 
26- 
27- 

28- 
2Q- 
30- 
31- 
32- 
33- 

34- 
35- 
36- 
37- 
38- 
39- 

40- 

10 

35 

0 

75 

05 

85 

Q5 

HOLLOW 

4 

5 

6 

'* 

8 

Q 

10 

ll* 

NA 

NA 

2.6 

HSA = 

30 
100 - 
3" 

75,60 
1Q,16 

38,74 - 100 
2" 

43,56 
18,12 
20,12 
9.11 

5,10 
15.30 

7.12 
12.14 

20,31 
42,42 

STEM AUGER 

2.9 

10 

HS 

1.8 

131 

- 
213 

125 

201 

180 

3.4 

MOSS 

HS 

HS 

SPOON 

MOSS 
SPOON 

MOSS 
HS 

HS 

- 
ss 

HS 

HS 

HS 

HS 

SPOON 
S S 

11'-12' 
SS 

13'-15' 

S S 
15'-17' 

ss 
17'-19' 

SS 
18'-21' 

SS 
25-27 

SS 
30'-32 

SS 
35'-37' 

SS = 



- - 

PAGE I of 4 

CONTRACTOR: CT 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD:- 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

7 

BORING NO: 48MW1 

LOCATION: SWMU 48 
NW OF LOWER DISPOSAL AREA 

WEATHER: DAMP, 45' F 

DATE/TIME START: 12/17/04 1545 

DATE/TIME FINISH: 12/10/04 1255 

DTW FROM TOC: 122 FT (FROM SURFACE) 

DATE/TIME: 12/18/84 1200 

- 
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tL - 
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o 
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-3 

LITHOLOGIC 
COLUMN 
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PROJECT NAME: RAAP 

CLIENT: US 

PROJECT NO.: 722843 

SILT AND SAND, GRAVEL, 
ORANGE-BROWN, SLIGHT ODOR 

SILT AND CLAY, ORANGE-BROWN TO 
YELLOW-BROWN 

SILT BECOMING MORE COMPETENT, 
MORE RED, WEATHERED, LAYERED 

SPOON BH = BORE HOLE HS = HEADSPACE HSA = HOLLOW STEM AUGER 
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WELL 
Cr;lPLETION 

CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
uscs = UNIFIED SOIL CLASS. SYS. r = LAB SAMPLE = WATER LEVEL 

ML 
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ML 

SPLIT 
4 INCH ID PVC, SCH 40 
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GEOLOGIST: BACHOVCHIN/GLENNIE ENGINEERING-SCIENCE, INC. 

DRILLING METHOD: HSA/AIR DRILLING RECORD 

DTW FROM TOC: 122 FT (FROM SURFACE) 
DATE/TIME START: 

DATE/TIME: 12/18/84 1200 

LITHOLOGY /REMARKS 

SWITCHED TO AIR ROTARY DRILLING 

DISTINCT CHANGE AT 72 FEET 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH - BORE HOLE HS - HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE g = WATER LEVEL 

4 INCH ID PVC. SCH 40 
0.01 INCH SLOT SCREEN 
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BORING NO: 48MW1 

LOCATION: SWMU48 

WEATHER: DAMP, 45' F 

DATE/TIME START: 12/17/84 

OATE/TIME FINISH: 12/18/84 1255 

CONTRACTOR: CT 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD:&W!EEE- 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

I- W t I- a 
w 

3 - '  * I- ! & = *  L L  = o g =  "3 
- 

o a i Z W  LITHOLOGY /REMARKS LITHOLOGIC 

NO WATER IN HOLE 12-19-94 

DRILLING RATE I S  APPROXIMATELY 1 
FOOT/2.5 MINUTES 

DTU FROM TOC: FT (FROM SURFACE) 

DATE/TIME: 12/18/84 1200 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE 8 = WATER LEVEL 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

4 INCH I D  PVC, SCH 40 
0.01 INCH SLOT SCREEN 

- 
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CONTRACTOR: CT 
PARSONS BORING NO: 48MW1 

GEOLOGIST: BAcHovcHIN/GLENNIE ENGINEERING-SCIENCE, INC. 
LocAnoN: s w ~ u 4 8  

DRILLING METHOD: IiSAIAIR DRILLING RECORD 
WEATHER: DAMP, 45' F 

DTW FROM TOC: 122 FT SURFACE) 
DATE/TIME START: 12/17/g4 1545 

DATE/TIME: 12/19/94 1200 
PROJECT NO.: 722843 DATE/TIME FINISH: 12/ig/94 1255 

LITHOLOGY/REMARKS 

- 
I- 

I- 

- 
I- 
LL - 
1 
I- 

8 
o 

LITHOLOGIC 
COLUMN 
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170- 
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173- 
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175- 
176- 
177- 
178- 
179- 
180- 

WELL 
COMPLETION 

/ / / /  - .  
DOLOMITE, GRAY. WEATHERED. SOFT . ' - , a '  - -136 

/ I / /  - ' . - .' -137 - .  
/ / / / 

DLMT 

BECOMES HARDER AT 148 FEET, NO 
WATER TO END OF BORING, THEN 
WATER TO 122 FEET AFTER 1.5 

-156 
-157 
-158 
-159 
-160 
-161 
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-467 
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-169 
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-178 
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478 
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-480 

L S *  
x y y  
~ 2 8  
O m a  

I- 

3 
0 
z 
0 

W 

" 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE V = WATER LEVEL 

4 INCH ID PVC, SCH 40 
0.01 INCH SLOT SCREEN 
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I- 
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m n a m  
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CONTRACTOR: CT 6 E 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD: HSA/AIR 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

BORING NO: 48MW2 

CLIENT: US AEC DATE/TIME START: 12/1Q/94 1630 

DATE/TIME: 1/07/05 0830 
PROJECT NO.: 722843 DATEITIME 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS - HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 2 INCH I D  PVC. SCH 4 0  
USCS I UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE g = WATER LEVEL 0.01 INCH SLOT SCREEN 

PAGE 1 of 3 
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PARSONS 
GEOLOGIST: BACHOVCHIN/GLENNIE ENGINEERING-SCIENCE, INC. LOCATION: SHMU4B 

DRILLING METHOD: HSA/AIR DRILLING RECORD 
WEATHER: CLEAR. 25' F 

DATE/TIME START: 12/1Q/Q4 

DATE/TIME: 1/07/95 OBJO 

LITHOLOGY/REMARKS LITHOLOGIC 
COLUMN COMPLETION 8 

47- 
4 8- 
4Q- 
50- 
51- 

----- 

SLSN 

DRILLING RATE (1 FOOT/3 MINUTES) 

DRILLING RATE (1 FOOT/2.3 

NOTE: SOFT FORMATION NOT 
RETURNING CUTTINGS UP HOLE. 
MUST SET TEMPORARY CASING. 
HOLE I S  STOPPED AT 80 FEET OVER 

. HOLIDAY. RESUME DRILLING ON 

DOLOMITE, WEATHERED, LIGHT GRAY 

SILTSTONE, LIGHT BROWN, 
WEATHERED, INTERBEDDED GRAY 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE g = HATER LEVEL 

2 INCH ID PVC. SCH 40 
0.01 INCH SLOT SCREEN 

J / /  

. f / / / '  

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

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

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

- 

A7 
&B 

0 
j 0 
' s l  

/ 

/ 

/ /  

/ /  

/ 

/ / k  

/ 
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CONTRACTOR: CT 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD: HSA/AIR 

GRAY-BROWN 

AND SOFT, GRAY AND BROWN. 

SCREEN . 1. 
FROM 113.7' ' . =' . 

DRILLING RATE (1 FOOT/3.3 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

BORING NO: 48MW2 

LOCATION: SWMU 4 8  

WEATHER: CLEAR, 25' F 

DATE/TIME START: 12/1Q/84 1630 

DATE/TIME FINISH: l/O7IQ5 1200 

DTW FROM TOC: 126 FT SURFACE) 

DATE/TIME: 1/07/05 0830 

I- - LL 

I 
I- 

fi 
o 

LITHOLOGIC 
COLUMN 

PROJECT NAME: 

CLIENT: US AEC 

PROJECT NO.: 722843 

WELL 
COMPLETION 

- 
I- 

I- 
0 

L l M t b  1 UNt, W t A  l HtHtU, 

U1 
Q >- 
t C C E *  

X y k !  
0 

W Oms 

w U )  2 ' '  U) 
3 

LITHOLOGY/REMARKS 

W 

a 

I- 
Z 

~ a 2  
U a f i  
f -  

S E W  

I- 

" 
r n o c c m  
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CONTRACTOR: CT 

GEOLOGIST: BACHOVCHIN/GLENNIE 

PARSONS 
ENGINEERING-SCIENCE, INC. 

B O R I N G  NO: 48MW3 

LOCATION: SWMU48 

DRILLING METHOD: HSA/AIR 

DTW FROM TOC: FT (FROM SURFACE) 

DATE/TIME: 1/08/95 1430 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

SE OF LOWER DISPOSAL AREA 

WEATHER: WET, COLD. 40' F 

DATE/TIME START: 1/07/05 1237 

DATE/TIME FINISH: 1/08/05 1430 

5- 
6- 

4 

7 - 
8- 
9- 

10- 
11- 1 95 2.5 2.0 HS SS SILT, LITTLE SAND AND CLAY, 
12- 8.6 ORANGE-BROWN 
13- 
14- 
15- 
16- 
17- 
18- 
19- 

20- 
21- 2% 95 2,6 3.5 SS SS SM 
22- 6,s 
23- 
24- 

- 
I- 
LL - 
x 
I- 

0 

4 
4 
-3 

LITHOLOGIC 
COLUMN 

GROUT 

STICK UP ' / 

LITHOLOGY/REMARKS 

SILT AND CLAY, LITTLE SAND, 
ORANGE-BROWN 

4- 

- 
I- W 
k g >  ce. 
= - w  WELL 

COMPLETION 

25- TO 

1- 
2- 
3- 

I- 

8 
s B I O  a s k 2  

' T OC 
1012.17' 

2.2' 

SURFACE 26- 
27 - 
28- 
29- 
30- 

32- 50/2" 
33- 
34 - 
35- 
36- 
37- WITH GRAY DOLOSTONE 
38- 
39- 
40- 
41- DOLOMITE. WEATHERED, GRAY, / / /  

I- 

g f  
o 

- 4  

- 
' 2 e ;  c W L  

42- 
4 3- 
44- 

' 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. r = LAB SAMPLE 8 = WATER LEVEL 

LY 
Q 
t 

3 
n 

4 I 
V) 

/ /  

DLMT 

4 INCH ID PVC, SCH 40 
0.01 INCH SLOT SCREEN 

Y) 
U .  
v) 
3 

4 5 1  
/ / / /  

ARGILLACEOUS / / / / ,  

/ / / /  
/ / /  
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GEOLOGIST: BACHOVCHIN/GLENNIE ENGINEERING-SCIENCE, INC. 

DRILLING METHOD: IiSAlAIR 

DATE/TIME: 1/08/05 1430 

LITHOLOGY IREMARKS 

DOLOMITE, WEATHERED, GRAY, 
ARGILLACEOUS 

DRILLING RATE FROM 40-80 FEET 
(1 FOOTl1.8 MINUTES) 

LESS CLAY, LESS WEATHERING 

DRILLING RATE FROM 60-90 FEET 
(1 FOOTl6.3 MINUTES) 

DOLOMITE, LIGHT GRAY 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE 8 = WATER LEVEL 

CPMMFNTF. 
4 INCH I D  PVC, SCH 40 
0.01 INCH SLOT SCREEN 
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CONTRACTOR: CT 6 E 

GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD: HSAIAIR 

DTW FROM TOC: FT SURFACE) 

DATE/TIME: 1/08/05 1430 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 48MW3 

LOCATION: S * M U ~ ~  

WEATHER: WET, COLD, 40' F 

OATEITIME START: 1107105 1237 

OATEITIME FINISH: 11081Q5 1430 

C 

w 

91- 

C 
LL. - 
I 
C 

& 
o 

-01 

LITHOLOGIC 
COLUMN 

I I I I  

V) 
O 
V) = 

-02 

9 3  
. 4 4  
-85 
k 6  
-07 
-08 
-09 

. -100 
401 
i 0 2  
403  
iO4 . 
i05 

92- 
Q3- 
Q4- 
Q5- 
86- 
Q7- 
08- 
QQ- 

100- 
101- 
102- 
103- 
104- 
105- 
106- 

LITHOLOGYIREMARKS 

LIMESTONE. LIGHT GRAY, 

' ! & g  
= Y " J  
z g g  
d E  

WELL 
COMPLETION 

W 

. 
'.' 

.'. 
' 

,. 
. 

- .  
a - 

- .  
. 

A 

DRILLING RATE (I  FOOT14 MINUTES) 1 I  I  I I  

LMSN 1 1 1  

TOPOF 
SAND PACK 

ATOO', 

HOLLOW STEM AUGER SS = 

107- 
108- 
109- 
110- 
111- 
112- 
113- 
114- 
115- 
H6- 
117- 
118- 
119- 
120- 
121- 
122- 
123- 
124- 
125- 
126- 
127- 
126- 
129- 
130- 
131- 
132- 
133- 
134- 
135- 

HSA 

C 

= 3 
= O E D  

o 
rn 

- . 

TO 120' .. - .' 407 - 

DLMT 

DRILLING RATE (1 FOOTl3.5 . - -  
. - 
- - .  

. - .  

424 
425 
426 
-127 
428 
429 
430  
431 
-132 
433 
434 
4 3 5  

= 

I .  

SCREEN 
FROM 100' 

• 

.' 

.a 

a 

'. 

. 
' a  

SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE g = WATER LEVEL 

- 
f -  

A Z W  
a 

.' 

. .  

. - .  

..I' = 
. 

= 
- - '  

FNTS: 
4 INCH I D  PVC, SCH 40 
0.01 INCH SLOT SCREEN 

, 

+ 
4 

o a y  
0 
a 
a 

UJ L 
t + 

L 

4 I 
m 
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PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 48MW4 

LOCATION: SWMU48 
CENTER OF UPPER DISPOSAL AREA 

WEATHER: RAIN, 85' F 

DATEITIME START: 7118105 1100 

DATEITIME FINISH: 7120105 1830 

CONTRACTOR: CT 6 E 

GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD: HSAIAIR 

DTW FROM TOC: 78.10 FT 

DATEITIME: 

- 
t - LL 

I 
t 

4 
0 

LITHOLOGIC 
COLUMN 

1- 
2- 
3- 
4- 
5- 
6- 
7- 
8: 
0- 

10- 
11- 
12- 
13- 
14- 
15: 
16- 
17- 
18- 
10- 

20- 
217 
22- 
23- 
24- 
25: 
26- 
27- 
28- 
29- 
30- 
31- 
32- 
33- 
34- 
3 5 4  
38- 

7/22/05 1200 

WELL 
COMPLETION 

LITHOLOGYIREMARKS 

t 
CL 

CLAY AND SILT. LITTLE SAND, / /  4 
RED-BROWN 

/ / -3 
STICK UP / / 4 

SILT AND GRAVEL, LITTLE SoND, 4 )  tb 4 1  

ORANGE-BROWN 11 4 )  4 1  

41 0 0 

CLAY AND SILT, LITTLE SAND, 
RED-BROWN, MOIST 

GROUT 
TO 

SURFACE 

SILT AND CLAY, ORANGE-BROWN, 
MOIST ZONE AT 40-41 FEET 

SAND AND GRAVEL, SOME SILT, 
BROWN, MOIST. GRAVEL LAYER AT 
40  FEET 

0.1 

0.0 

0.0 

0.0 

0.0 

SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. M = LAB SAMPLE g = WATER LEVEL 

37- 
38- 
39- 
40- 
4 1- 
42- 
43- 
44- 
45- 
4 6- 
4 7- 
48: 
40- 

HSA = 

E 

E s g  
. - ! k g  
3 

W M E N T z  
4 INCH I D  PVC, SCH 40 
0.01 INCH SLOT SCREEN 

BH 

BH 

BH 

BH 

BH 

HOLLOW 

n 

CL 

----- 

GM 

----- 

CL 

----- 

ML 

STEM AUGER 

t 
Z 

z 

0.0 

" 8 w  - 
O , E w  
Q 

BH 

t 

K 

SS = 

U1 Q 
t 

0 2 ' "  
a x 3  

a 
rn 

----- 

GM 

----- 

SPLIT 

o 



GEOLOGIST: BACHOVCHIN/GLENNIE ENGINEERING-SCIENCE, INC. 

DRILLING METHOD: HSA/AIR 

DTW FROM TOC: 78.18 FT 
DATE/TIME START: 

~ATE/TIME: 7/22/85 1200 

LITHOLOGY/REMARKS 

ALTERNATING RED AND GREEN 
LAYERS, INTERBEDDED DOLOMITE 
(SLIGHT HCL FIZZ) 

SILTSTONE, SOFT ZONE AT 100-108 

HSA = HOLLOW STEM AUGER SS SPLIT SPOON BH BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. r = LAB SAMPLE 

PAGE 2 of ? 
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, 
1 1 1 -  

DOLOMITE, GREEN-GRAY, AND 
INTERBEDDED DARK GRAY 
SILTSTONE, SOFT ZONE AT 100-108 
FEET (WATER?) 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 4 INCH I D  PVC, SCH 40  
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE = WATER LEVEL 0.01 INCH SLOT SCREEN 

CONTRACTOR: CT 6 

GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD:- 

DTW FROM TOC: 78.18 FT 

DATE/TIME: 7/22/85 1200 

- 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 48MW4 

LOCATION: SWMU48 

WEATHER: RAIN. 85' F 

DATEITIME START: 7/18185 1100 

DATEITlME FINISH: 7/20185 1830 

- 
C - u 
I 
C 

8  
0 

LITHOLOGIC 
COLUMN 

WELL 
COMPLETION 

c 

LITHOLOGY IREMARKS 

! k E t  

: : >  
8 x 0  
O S k 2  

V) 

0 V) 
3 

c 

= 
u 

s = w u  = 

n 

s 
0 

w 0 
t 
C 

2 
I 
V) 

c 

x 

m 

f - '  
8 E g  - 

a 
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r 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A - AUGER CUTTINGS GS = GRAB SAMPLE 4 INCH DIAMETER BORING 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE g = WATER LEVEL GROUTED TO SURFACE 

CONTRACTOR: CT 

GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD: HSA 

DTW FROM TOC: NA 

DATEITIME: NA 

- 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 54SB1 

LOCATION: SWMu54 
SOUTH OF LOWER MOUND 

WEATHER: COLD. 30' F 

DATEITIME START: 12120104 1610 

OATEITIME FINISH: 12120104 lro0 

LITHOLOGIC 
COLUMN 

WELL 
COMPLETION 

SURFACE 
ELEVATION 

1687.3' 
InsL) 

I- w. 
' t E !  
I W W  

O r n a  

- 
I- - LL 

I  
I- 

8 
o 

4 

-2 

I- 
Z 

Z 

5 

3,5 
6 3  

1- 

2- 

a g , ,  
O f  - 

E! 

5.0 1U 65 

I- 
4 

w 
m n a r n  

SS 

LITHOLOGYIREMARKS 

SILT, SOME CLAY. LITTLE SAND, 
DARK BROWN, POSSIBLE ASH OR 
STAINING AT 2 FEET 

E * 
C 

y 
5 ? % 3  

4 

SS 
0-2' 

rn 
O 
rn 
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CONTRACTOR: CT 

GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD: HSA 

DTW FROM TOC: NA 

DATEITIME: NA 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 54sB2 

LOCATION: SWMU54 
SOUTHOF LOWERMOUND 

WEATHER: COLD, 30' F 

DATEITIME START: 121211Q4 0Q45 - 

- 
I- - LL 

I 
c 
& 
0 

4 

-2 

-3 

4 

-5 

-6 
1 

'-I 

-8 

-8 

10 

41 

4 2  

-13 

4 4  

4 5  

-16 

4 7  

4 8  

40 

1 0  

-21 

1 2  

-23 

1 4  

-25 

+8 

DATEITIME FINISH: 12/211Q4 m30 

3- 

4- 

5- 

8- 

7- 

8- 

Q- 

10- 

11- 

12- 

13- 

14- 

15- 

16- 

17- 

18- 

10- 

20- 

21- 

22- 

23- 

24 - 
25- 

26- 

LITHOLOGYIREMARKS 

SILT, SOME CLAY, LITTLE SAND, 
DARK BROWN 

LITHOLOGIC 
COLUMN 

C 

I- 

1- 

2- 

WELL 
COMPLETION 

SWACE 
ELEVATION 

t800.1' 
(MSL) 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 

2 

3 

4 

5u 

8 

CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE g = WATER LEVEL 

& = >  
z w , y  
% $ 8  
0 

1U 

4 INCH DIAMETER BORING 
GROUTED TO SURFACE 

70 

90  

90  

90  

80  

w. 

= 

50 

10,5 
8,10 

2,3 
4.3 

3.8 
8.5 

1,2 
2.1 

22.38 
35 

5012 

C = 
u 
z 

2 

8.4 
4 ,Q 

7.9 

8.7 

8.9 

8.2 

4.8 

g x a  - 

7.0 

SS 

SS 

SS 

SS 

SS 

VI u 
VI 

C 
4 

u z  

HS 

SS 
2-4' 1 

E > 

w, 
% S D  

a 

SS 
0-2' 

SS 
5-1' 

SS 
10-12' 

SS 
15-17' 

SS 
20-22' 

ML 

----- 
GM GRAVEL. SOME SILT, WET ----- 

SLSN ----- 
SILTSTONE. WEATHERED, GRAY 

END OF BORING AT 22 FEET 

............................ 
............................. 
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I' '4 > 

CONTRACTOR: CT 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD: liSA 

DTW FROM TOC: NA 

DATE/TIME: NA 

n 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 54SB3 

LOCATION: SWMU 54 
WESTOFLOWERMOUND 

WEATHER: COLD. 30' F . 

DATE/TIME START: 121211g4 lo3' 

DATE/TIME FINISH: 12/21/84 

SURFACE 
ELEVATION 

(808.8' 
(MSL) 

- 

t 
LL - 
t 
x 

8 
LITHOLOGIC 

COLUMN 

1- 

2- 

3- 

o 

WELL 
COMPLETION 

t 

SILT, SOME CLAY. DARK BROWN 
5,B 
8.8 

8,8 

4- 

5- 

6- 

7- 

8- 

9- 

10- 

11- 

12- 

13- 

14- 

15- 

16- 

17- 

18- 

19- 

20- 

21- 

22- 

23- 

24 - 
25- 

26- 

l* 

2 

" 3 ;  

k = +  

E d Z  

t 
Z 

x 

75 

75 

0 

3 

X 

a 

8,4 

2.3 
3,s 

8,10 
155 

5,13 
24,32 

45,52 
REF. 

1.8 

1.5 

HSA = HOLLOW 

3 

4 

5* 

8 

CAL - CALIBRATION A - AUGER CUTTINGS GS - GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * - LAB SAMPLE 8 - WATER LEVEL 

LITHOLOGY /REMARKS 
o z a  W w o o w  - 

70 

95 

40  

80  

ML 

4 INCH DIAMETER BORING 
GROUTED TO SURFACE 

STEM AUGER 

1.9 

1.8 

2.0 

9.8 

HS 

HS 

SS 
0-2' 

SS 

t 

3 = 2 =  
m a - a m  

-lo 

41 

4 2  

4 3  

-14 

4 5  

4 6  

-IT 

4 8  

-48 

----- 

SM 

----- 
GM 

e 
b y )  

0 2 ' "  

HS 

HS 

HS 

SS 

GREEN-GRAY, WET 

END OF BORING AT 10.5 FEET 

----- 
LIMESTONE, WEATHERED. 

2-4' 

SS 
5-7' 

SS 
10-12' 

SS 
15-17' 

SS 

-20 

421 

1 2  

+3 

-Q4 

-25 

4 6  

I T I T I T -  
J . I . I . I .  

SS - SPLIT SPOON BH - BORE HOLE HS - HEADSPACE 
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'1 ' 
CONTRACTOR: CT 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD: 

DTW FROM TOC: NA 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

BORING NO: 54SB4 

LOCATION: SWMu54 
WESTOF LOWERMOUND 

WEATHER: COLD, 35' F 

DATE/TIME START: 12/21/Q4 1120 

DATE/TIME: NA 

- 
t 
LL - 
x 
+ 
4 
0 

-4 

-2 

-3 

-4 

5 

% 

-7 

-8 

-0 

I 0  

41 

-12 

-13 

4 4  

4 5  

-16 

-17 

4 8  

-49 

-20 

-21 

1 2  

-23 

+4 

3 5  

+6 

DATE/TIME FINISH: 12/21/04 

CLIENT: US AEC 

PROJECT NO.: 722843 

LITHOLOGIC 
COLUMN 

3- 

4- 

5- 

6- 

7- 

8- 

9- 

10- 

11- 

12- 

13- 

14- 

15- 

16- 

17- 

18- 

10- 

20- 

21- 

22- 

23- 

24 - 
25- 

26- 

HSA 

WELL 
COMPLETION 

SURFACE 
ELEVATION 

WOT.0' 
IMSL) 

CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFlED SOIL CLASS. SYS. M = LAB SAMPLE $=WATERLEVEL 

ML 

CL/ML 

----- 

. . . .  
SW 

b . . .  

SM 

----- 
GM 

----- 

SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 

2 

3 

4 

5M 

6 

= 

3.2 

4.8 

4.0 

4.0 

2.1 

4 INCH DIAMETER BORING 
GROUTEDTOSURFACE 

t 

1- 

2- 

05 

05 

00 

60 

10 

HOLLOW 

HS 

HS 

HS 

HS 

SS 

I & = >  

z z g  
g z 8  
0 ; :  

1M 

4.5 
8.6 

6,7 
7,Q 

2,3 
2 2  

2,2 
3 3  

50/2 

STEM AUGER 

5 - 4  
- 

3.4 

SS 
2-4' 

SS 
5-7' 

SS 
10-12' 

SS 
15-17' 

SS 
18-10' 

SS = 

cn 
cn = LITHOLOGY /REMARKS 

SILT AND CLAY, LITTLE SAND, DARK 
BROWN 

n 

00 

t 

- s g n Y u  
, 8 =  

: s : ;  

HS 

I- 

= 

3,4 
5,4 

L * 

SS 
0-2' 



GEOLOGIST: BACHOVCHINIGLENNIE ENGINEERING-SCIENCE, INC. 

DRILLING RECORD DRILLING METHOD: 

( 

DTW FROM TOC: NA 

DATEITIME: NA 

1 CONTRACTOR: CT 

HSA = HOLLOW STEM AUGER SS - SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 4 INCH DIAMETER BORING 
USCS = UNIFIED SOIL CLASS. SYS. r = LAB SAMPLE 8 = WATER LEVEL GROUTED TO SURFACE 

PARSONS I BORING NO: 54sB5 

PAGE 1 of I 
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CONTRACTOR: CT 

GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD: HSA 

DTW FROM TOC: NA 

DATEITIME: NA 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 54SB6 

LOCATION: SWMU54 
CENTER OF LOWER MOUND 

HEATHER: CLOUDY, 45' F 

DATEITIME START: 12/22104 1100 

DATEITIME FINISH: 12122104 @OO 
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CONTRACTOR: CT 6 

GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD: HSA 

DTW FROM TOC: NA 

DATEITIME: NA 

A 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 54SB7 

LOCATION: SWMU54 
EAST OF LOWER MOUND 

WEATHER: WARM. 50' F 

DATEITIME START: 12/22/04 @I5 

DATEITIME FINISH: 12/22/04 @55 
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CONTRACTOR: CT 

GEOLOGIST: BACHOVCHIN/GLENNIE 

PARSONS 
ENGINEERING-SCIENCE, INC. 

BORING NO: 54SB8 

LOCATION: SWMU 54 
EAST OF LOWERMOUND 

WEATHER: WARM, 50' F 

DATE/TIME START: 12/22/04 t320 

DRILLING METHOD: HSA 

DTW FROM TOC: NA 

DATE/TIME: NA 
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DATE/TIME FINISH: 12/22/04 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US 

PROJECT NO.: 722843 
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CONTRACTOR: CT 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD: HSA 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

BORING NO: 54SB9 

LOCATION: SWMu54 
NORTHOF LOWER MOUND 

WEATHER: COLD, 30' F 

DATE/TIME START: t2/21/94 1235 
DTW FROM TOC: NA 

DATE/TIME: NA 

n 
C 
LL - 
1 
t 

h 
0 

4 

-Z! 

-3 

-4 

5 

-6 

-7 

-8 

-8 

40 

41 

42  

4 3  

4 4  

4 5  

4 6  

-It 

4 8  

4 0  

4 0  

1 1  

1 2  

-23 

1 4  

-25 

1 6  

DATE/TIME FINISH: 12/21/84 l3O5 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 
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CONTRACTOR: CT 

GEOLOGIST: BACHOVCHIN/GLENNIE 

DRILLING METHOD: 

DTW FROM TOC: NA 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

BORING NO: 54SB10 

LOCATION: SWMU54 
WESTOFUPPERMOUND 

WEATHER: COLD, 30. F 

DATE/TIME START: 12/21/Q4 1310 
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DATE/TIME FINISH: 12/21/04 1340 

CLIENT: US AEC 

PROJECT NO.: 722843 
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PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 54SB11 

LOCATION: SWHU54 
WEST OF UPPER HOUND 

WEATHER: COLD, 35' F 

DATEITIME START: 121211Q4 1350 

DATEITIME FINISH: 12121184 I4l8 

CONTRACTOR: CT 

GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD: HSA 

DTW FROM TOC: NA 
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COLUMN 
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CONTRACTOR: CT 
PARSONS 

GEOLOGIST: BACHOVCHINIGLENNIE ENGINEERING-SCIENCE, INC. 

DRILLING RECORD DRILLING METHOD: HSA 
WEATHER: COLD, 35' F 

DTW FROM TOC: NA 

CLIENT:' US AEC 
DATEITIME START: 12/21/Q4 1500 

DATEITIME: NA DATEITIME FINISH: 12/211Q4 1540 

HSA = HOLLOW STEM AUGER SS = SPLIT SPOON BH = BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE = WATER LEVEL 

4 INCH DIAMETER BORING 
GROUTED TO SURFACE 

PAGE 1 of 1 



CONTRACTOR: CT 

GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD: HSA 

DTW FROM TOC: NA 

DATEITIME: NA 

- 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 54SB13 

LOCATION: sWMu54 
EAST OF UPPER MOUND 

WEATHER: COLD, 35' F 

DATEITIME START: 12/21104 1550 

DATEITIME FINISH: l2I2llg4 W45 
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6 
PARSONS 

ENGINEERING-SCIENCE, INC. 
DRILLING RECORD 

- 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 54SB14 

LOCATION: SwMu54 
NORTHEAST OFUPPERMOUND 

WEATHER: WARM, 40' F 

DATEITIME START: 12122/04 Oa30 

CONTRACTOR: CT 

GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD: HSA 

DTW FROM TOC: NA 
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PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 54sB15 

LOCATION: SWMU54 
CENTER OF UPPER MOUND 

WEATHER: WARM, 40' F 

DATEITIME START: 12122104 nOO 

CONTRACTOR: CT 

GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD: HAND AUGERED 

DTW FROM TOC: NA 
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CONTRACTOR: CT 

GEOLOGIST: BACHOVCHINIGLENNIE 

DRILLING METHOD: HSA 

DTW FROM TOC: NA 

DATEITIME: NA 

n 

PARSONS 
ENGINEERING-SCIENCE, INC. 

DRILLING RECORD 

PROJECT NAME: RAAP 

CLIENT: US AEC 

PROJECT NO.: 722843 

BORING NO: 54SB16 

LOCATION: SWMU54 
N. OF UPPER MOUND (BACKGROUND) 

WEATHER: WARM, 45' F 

DATEITIME START: 12/22/84 OQ40 

DATEITIME FINISH: 121221Q4 K1°5 

SILT, SOME CLAY, LITTLE SAND, 
1- I* 80 2,2 27.1 HS SS DARK-BROWN SURFACE 
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LITHOLOGIC 
COLUMN 

HSA = HOLLOW STEM AUGER SS SPLIT SPOON BH BORE HOLE HS = HEADSPACE 
CAL = CALIBRATION A = AUGER CUTTINGS GS = GRAB SAMPLE 
USCS = UNIFIED SOIL CLASS. SYS. * = LAB SAMPLE g = WATER LEVEL 
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~ g ; ~ ~ ~ ~ ,  CT & E 
DPJUR. DeLArJ 
CEOLOCm: 5 .  G ~ ~ J I J ' ~  
R~~ wE: B o / q a  
DRIWC Y~TBOD. HSA 
WATER UVEL MEASUREMEhTS 

LIP 
D r r  
no. .P 
lUrr 

, DATE 

BORING NO. l3 G Z  
SHEET OF 

-T~ON: F,XB 7 ~ a d c  

+SUVA U p  

B D R l h C  bm DBSCRIPTIOH 

-/o * Nor% 

B b  Z 
4' 

urur:,od O&R&*rr, LA- 

ppc&)< C 

.r 

N/A 

ENGINEERII\'G-SCIENCE 
DRILLING RECORD 

PROJECT NAME R m P  
CLIENT 1)s  AEC - 
PROJECT NO. 72 2 B Y 3  
mItlER 4 f id-#6 - 7 B - 4  
M7E/nKr 
DAnfr lUt  

I '  - 
.-& - 
3 - 
4 ~ z e  

srm 7 - 1 9 - 9 5  / / 0 2 8  

nhlsn 7- 14 - 9 5  / /b 50 
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k 

-- 

WTHOLOGY/REMARKS 

L'54t g&.bWd 5 1 ~ ~ ~ .  
S.4c.D 

~ J ~ ~ B ~ O W *  

C C A y  

SILT . 0 CWVU - SAJ'Rom & WATER m'L1 
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I 
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- 8 - 
- 6 - 
- 7  - 
- e - 
- - 
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-- a1 - 
- IL - 
- I3 
- I4 
- 
- IS - 
- I6 - 
- I7 - 
- I8 - 
- 10 - 
- to 

SILT 

WELL 
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J 

zs 

O-O 

- 
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BORING NO- B G v O c  
SHEET I or I 
-TION: G~5-t fl-fod o f  
f i ~  H f l f c ,  f i r ra .  

B O ~ C  hm D I S ~ R I P ~ O I Z  

S O ~ L  7 ~ ~ 6 :  

udrSo& U R ~ A J  c&b 

C O ~ P C E %  

ENGINEERING-SCIENCE 
DRILLING RECORD 

PROJECT NAME RAAP - 

CLIENT 13s AEC 
PROJECT NO. 7226q3 
mmER ?D% - A ~ U F ~ \ I O  

/SO 
D A l r , l l V r  =ART 7-20-9g 

D A ~ ~ U C  nt.1~~ 7- to -95 / /G 00 

tg!!g&oR C T $ E 
DPJLlrrc: DA* DO-a 
c t o ~ o c l s r :  5 .  G ts~d/c 

RIC mC: 8 0 / 9 a  
DRJWC METHOD. HSA 
WATER 

MP 
D m  ,,. ., 
D Y E  
DATE 

LEVEL HEASUREMEhTS 

N/A 

EE 
a- 

1- - 
r -  - 
3 - 
' 1 
5 - 
8 -  - 
7- - 
a- - 
a- - 
10- - 
11- - 
12 - - 
13 - - 
14 - - 
I5 

16- 

2~ 
$5  z z  

48 

9~ - 
17 - 
I 8  - - 
19 - - 
r0- - 
*Crh3. 
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COMPLETION 
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UTHOLOCY/REMARKS 
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Po"X+%EToR; C T $ E ENGINEERING-SCIENCE BORING NO- '3G s " 
bPJ-: D A ~  DOLCI~J DRILLING RECORD SHEET / or 

cto~oc~sr: 5 . G U F & & / ~  LOCATION: N k R c G , ~ ~  q, 
PROJECT NAME R AAP 

uc T W ~ :  B o / q a  - 

- XRAP 
CLIENT I 3  S AEC BORING hm DESCRlPYJOK zCerC 

D R I ~ C  YETBOD: hSA PROJECT NO. '72% 6q3 R-a- P 
.I Y " " " H e  

f ATER UVEL MEhSURELdEhTS nmER wAcm H,,&,# 75 -/ 
,. . - I - , - " . ,  

LIP @ k /&or 
Dm 4 s  -A 
mom UP 4%- J-ru+p p t 

/ 7 Y 7  e c q e p ,  
D Y E  D A T E / T l U r s T U  7-z9-95./ 7zizTz=- 
DATE D A ~ E ~ Y ~  n h l ~ ~  7' / T  ' FS/ / 7  fS + TL J U H .  4 I C & C ~ ~ ~  

-- 

UTHOU)CY/J~EMARKS 

~ O - ~ ~ O U W  c c ~ y ,  

Eao.8 A 7  8ct 



ilr 

eEi!.g&OR CT t E 
DpJ- 

crolacm: S G~~~~~ ' 

RIG TYPE a8o/qa 
D R I L ~ C  YFTEOD. kSA 
WATER LEVEL MEASUREME~TS 

ENGINEERING-SCIENCE BORING No- 8G Oc 

DRILLING RECORD SHEET / OF I 

PRO,E. NmE R MP 
-  TIO ON: NU &&/o4 

CLlENT 
PROJECT NO. 72 2 6 q3 

10. 6nr.r -+ 26s 
mmER ~ ~ p f i  AdM ,r, .-- 75°F 

YP 
D T ~  ~ N ~ S O ~ J  V U A ~  
#-ROY UP N/A 
r n E  DATZftIYI: START 

7'1 ? - 9g / /SO.? L~QMPLEF SWC 

DATE ~ ~ l r m ~ r  nhlnr 7 - / 9 -  9x1 / S o y  
- - 

Y 

1SMOLOCY/REWRI(S 3: WELL 
COMPUTION 

EE 5 s gg 
1- 

1 1 1 1  I 



D R I L U N L  : C $ 
CO)~'TU OR 

Dm-: D A ~  
cromcm: 5 .  G  LEN^/^ 
RIG W E :  ~3 80/qa 
D R I L ~ C  YETBOD: /fSA 
WATER E V E L  HEASURELdEhTS 

YT 
D m  

B G  6 
mou UP MIA /-& Srfc: o ~ i r o r ,  U R d A d  -D n ~ r  arrrmvr nm 7-1?- 9 5  / 
DAT r D A T E ~ Y E  mhlsn 7-  /9  - 7 6 / 5 - P ~ F  

LITHOLOCYJREMARKS 

a 5pl14- space 

Bt-OWN CLAY HrTrt W ~ R O ~  
oQoE S ~ A  I&#-. 

ENGINEERING-SCIENCE 
DRILLING RECORD - 

PROJECT NAME ?? AAP - 
CLIENT i t s  AEC 
PROJECT NO. 722 8 V 3  
.LIMER 

BORING NO- 
SHEET OF 

LOCATION: N K  RC=G,@ u/ 

R n A p  
nomt bm DESCRIVTIOX 

4 0 ~  EAST C j  



COo"#EgroR: C7 $ € 
D ~ ~ ~ ~ :  DA* DocprJ 
cEomct5r: 5 .  G U=&c''C 

RIG TYPE B 8 0 / 9 a  
D R I ~ C  YETBOD: ffSA 

ENGINEERING-SCIENCE 
DRILLING RECORD 

PROJECT NAME R m P  - 

CLIENT f>s AEC 

WATER 
LIP 
DTI 
mom UP 
n YE 
DATE 

BORING NO- G 8 * C  

SHEET. / or / 
-TION: IJ bf C O - N ~ P  4 

/Z&AP 
BOIUXt hm DESCRIPTION 

LEVEL HEASUREMEhTS 

N/A 
I 

EE 
rg 
1 - 
t -  - 
a - 
4 - - 
S - 
a- - 
7-  - 
8 - 
m- - 

10 - 
11- - 
It - - 
I 3  - - 
I4 - 
15- - 
16 - - 
I 7  - - 
I 6  - - 
l a  - - 
20- - 
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PROJECT NO. 722 Bv3 
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BORING NO- S G J  kL 
SHEET or ' 
W T I O N :  NF m6lolv u/ 

CT & E 
DpJLER: D A ~  De-d 
croLoclsr: S .  G e@d'g 

uc WE: B B o / q a  CUENT U S  AEC 
R e  

- BORIh'C bm DESCRIPnOK 
D R I ~ C  YETBOD: #SA PROJECT NO. 72 2 6q3 
WATER U V E L  HEASUREblEhTS .tlilIiER 

set' 7ypz: 
An& 

HI' 
/ wwurbj- 5-y ( - 0 0 4 %  

Dm 
O M  Up N/A 
 YE MTE/~YI: =ART 

7-20-95 / 0930 
DATE DATEmUE Fihl!3l 7-20-95 / 'yo 

BROWN Ccdr 4 - 4 , ~ ~  

ENGINEERING-SCIENCE 
DRILLING RECORD 

PROJECT NAME R M P  



BORING No- *G2 wL 
r n ~ r r o r  t - 

WTION: Ns R F G , ~ ~  o 6 
RAAP 

m o m t  m o r s m o ~  

SOIL -ryphc 

?o"kg%OR CT $ € 
DPJIIIR: DA* D o u d  
cto~oclsr: 5 .  G U F ~ C " ~  
BJC TYPE 80/9a 
DRJUINC YETBOD: /fSA 
WATER LEVEL HEASUREYlEhTS 
YP 

W,LWJ .Ji**b)r '- 
om ,,. ., N/A 
DYE 

D A ~ / ~ M E  rrm 7-Z.@-?E / O W 0  
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S L Y  A d  ' C A Y  
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ENGINEERING-SCIENCE 
DRILLING RECORD 

PROJECT NAME R m P  - 
CLIENT U S  AEC 
PROJECT NO. 72 2 8q3 
rT*mER urrr,+, I d d n , ~  - 8 0 O g  



DRILLING RECORD 
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?gi$~t, ,~: CT $ E ENGINEERING-SCIENCE 863 UL 
bpJLLER: DAH D0-d DRILLING RECORD SHEET OF 

-,.,ON: /Vc Be%/&& cromctsr: 5 .  G - ~ d f c  PROJECT NAME RAAP 
uc B B o / q a  CUENT t j s  AEC 

- y 
B ~ R I ~ . C  PTE DESCRFTlOK 

DRIWC YETBOD: HSA - PROJECT NO. 72 2 8v3 
WATER LEVEL MEASUREYlEhTS 8o.F H~ 5-cc Type1 

cr rD 
MP W I ( E € ~  S d b y  L o w  
Dm 
no" MP N/A 
-nYE MI'E/?IUr =ART 

7 - t O - 9 ~  / 
OAT E I D A ~ ~ Y  E nhlsn 7' -9s / H' OS? I 

IJTHOLOCY/REMARKS WELL 
o COMPLETlON EE U 
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L t ~ w  & a d  w u  Sarr)~ 
1 1 1 1  21 

2, zr 
9,s, SW 

SJ 
L;& B R ~ W ~ Y  S-WP 

50}6,& 0.0 5s La - 
2 4 U - G.0.b 24 F+ 
2 5  - - 

a- e - 
7 -  7 - 
8 -  8 - 
m- - 

10- 10 - 
a i -  . - I I - 
12 - a2 - 
13 - a 3 - 
14 - I 4  - 
1s - as - 
16 - I 6  - 
17 - I1 - 
10 - IB 

19 - 
20- t o  - 

I I 

*CLhm' -1 U!CD & c-4 Qly =T & a * Y  W D  - & SIM 

~ L T  F-? B D R O ~  CRAYU tEZZl S ~ ~ R O I J ~  .ATER r n ~  
.II = -nos err = w t a n o w  a I . r t r m c  tors COYKEhc7S: 
Q = SPLJT SPOON 4 - A U C ~  m m t s  c - C~LP, - - --  m - m ~ o u  C L - C W h K F u  
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BORING NO. R ~ 4  M L  
SHEET / OF I - 

-TION: P ~ G I O N  aF 

RRAP. N E A ~  S W ~ U J ~  
BORING DESCRVTIOR 

- 
C T & E 

on-: D A ~  DOLPFJ 
ccowclsr: 5 .  G U F N & / ~  

RIC TYPE: 0 o / q a  
D R l U N C  YFTEOD: ffSA - PROJECT NO. 722 0 v3 S D , L  T y p e :  
WATER U V E L  MEASUREYE~TS .IIMBR ASOF - fi3,,,,& 

MP w~6Ccl43 LC'" Y 
Dm 
no. UP 4 4  L 0 4 ~ .  

3 x 1   DATE/^^ S T A ~  
7 - 2 0 - 5 3  / /3 /3  

DATE D A 7 T m M r  nhm 7*2@-1S / 1325 

lmiOLOCY/REMARKS 
COh!Pl.ETlON 

1- 

ENGINEERING-SCIENCE 
'DRILLING RECORD 

PROJECT NAME R m P  - 

CUENT U S  AEC - 
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DRILLING RECORD 

UTHOLOCY/REMARKS 

D ~ r k  / Z f D - & o ~ d  SILTY 



DRILLING RECORD 
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BoRlnG No- * G z  6 L 
SHEET or I 
WCAllON:  Ne 2 ~ 6 / 0 &  df  

RA*. 
O O ~ C  m DESCRIP~O)~; 

S& -Fy,4?€: 

PoRi!FLhoR. C7- & E ENGINEERING-SCIENCE 
DRILLING RECORD 

ctomcm 5 .  G tz&d/J 

RIG TYPE B o / q a  
D R I ~ C  METBOD: kSA . 
WATER UVEL MEASUREMEhTS 

LIP 

- 

PROJECT NAME R m P  
CLlENT U S  Aec 
PROJECT NO. 72 2 8q3 
mmER 80 *F H bfi ,O 

r b ~ ~ o ~ o c k  Cod- 

o ~ r r / n u r  nm 740 - 9 5  / /t30 
ormmur ~ICTSH 7*t0-95 //SO 

D m  
rROY UP 
nu1 
DAT I 

N/A 

-- 

EE 

1- - 
t -  - 
t - 
4-28 - 
5 -  - 
8-  - 
7- - 
a- - 
*- 
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~ L T  -: mm~on tllfi_lll S * P ~ O L r n  & . A m  *-EL 
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E e 
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-1 
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WELL 
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DR1LLn.G c 7 $ €  
COKT FUCTOR: ENGINEERING-SCIENCE BoRlWC NO- B G q 8 ~  
DPJ-: DA* D O L P ~  DRILLING RECORD SHEET 1 OF l 

ccorncm: 5 .  G f l ~ & / j  W ~ O N :  
NY * L r ~ t d d  of  

NC W E :  0 4 9 2  
PROJECT NAME h L s c z n o 6  

BORLF;C bm DESCBWTJOK 
~ w m c  u n e o ~ :  hSA PROJECT NO. '722 B Y 3  4 GATE- '0. 

f ATER LEVEL HEASUREMEhTS mMER 85 HUM ,D 
M P I 5 - r c  

Dm 
no. MP N/A I 

I 
& ~ ~ o ~ o c k  COA-. 

Bur 
DATE 

* 5 
1 

1 ; ;  :. ez 2: g LITH OLOCY/REMARKS WELL 
gg f f  m z  e f P I S  9E COMPLETION EF 

0- 

I-  

1 1 1 1  
1 - - 

-0  -&3/?.0w.v =-y 



APPENDIX D 

MONITORING m L L  DEVELOPMENT - 
FIELD DATA SHEETS 



WELL DEVELOPMENT SUMMARY SHEET 

Project Name: 
Location: 

P m  
Weather: 

PURGING CALCLllATlONS 
Well Depth: 5 2  30 feet 
Depth to Water: 3 4 . 7 9  feet 
Water Column Length: (L) / 7 . ' ~ /  FT 
Inner Casing Diameter (d): - hches = feet 

Volume of Standing Water 0: / / .  5 gallons 

V (gallons) = 0.41 x 8 x L 

Total Volume to Purge: 69 gallons (v ac 6 ) 
PURGING EQUIPMENT 
Purg~ng Device: $US- PUMP 

Purge Water Appearace Initial: 
Purge Water Appearace Initial: 

PURGE WATER TESTING 
After 3 vol After 6 vol 



WELL DEVELOPMENT SUMMARY SHEET 

Project Name: M D ~ R U  Well Number: 31 M \ ~ J ~  
Location: 
Weather: 

PURGING CALCULATIONS 
Well Depth: 2 8 . 5 0  feet 
Depth to Water: 2 6  .a6 feet 
Water Column Length: (L) 
Inner Casing Diameter (d): inches = feet 

Volume of Standing Water (9: I .  6 gal~rns 

Total Volume to Purge: 

V (gallons) = 0.41 x @ x L 

9.4 gallons cq x C) 

PURGING EQUIPMENT 
Purging Device: I - Sus. poMp . I 

OBSERVATIONS 

Purge Water Apparmce l n i t i :  6 1 
Purge Water Appearmce Initial: Cle / 

I PURGE WATER TESTING 
After 3 vol After 6 vol 

' COMMENTS 

I 

I 
tf NOT. CLCAQ A- 6 W L U ~ S ,  
pump 5 M J W ~ S  MURE ~ u d  T1W 
r a g u R E m -  IC CLSAR OR w m t d  
B% Q,= ple€v/mS BfiD'*S8 -- 
IF Nor, 

,-t?r ounL w m r r v  2 6 1  
& 



WELL DEVELOPMENT SUMMARY SHEET 

Project Name: KAbfoRb Well Number: 31 M W ~  
Locat ion: h t N ,  

Weather: 12/17/-9Y 
I I r 

PURGING CALCULATlONS 
Well Depth: 3 2 3 3  feet 
Depth to Water: feet 
Water Column Length: (L) 
Inner Casing Diameter (a: inches = feet 

Volume of Standing Water 0: S* 9 gallons 

V (gallons) = 0.41 x cF x L 

Total Volume to Purge: 3 2  .Y  gallons ( v 9 
PURGING EQUIPMENT 
Purging Device: - SUB. pumD 

I 

Purge Water Appearance Initial: Clear I Opaque 
Purge Water Appearance Initial: Ckar Turbid I Opaque a 
PURGE WATER TESTING 

After 3 vol After 6 vol 
1 InitialTest - 2nd Ten 3rd Test 4th Test * 5th ~ e s i a  

Time 1 09 rlo O?S0 1003  lalo / 0 2 S  
' 

0 9 st , 96 
l Turbidnv 

7.5t 7. Sb 7.60 
Conductance I SO 3 3L 3 Y t  293 

\Temperature 5 9  63. 0 4S.L . 

COMMENTS 
f 7 



I 

1 WELLDEVELOPMENT SUMMARY SHEET 

Project Name: ~ D F O ~ D  Well Number: 31 
Location: 
Weather: 

PURGING CALCULATIONS 
Well Depth: - 9 . 7 4  feet 
Depth to Water: 2 Y . b  teet 
Water Column Length: (L) 0 F'r 
Inner Casing Diameter (6): ' inches = tee! 

Volume of Standing Water (v): 3 - 8  gallons 

V (gallons) = 0.41 x CF x L 
\ 

Total Volume to Purge: 

PURGING EOUIPMENT 
Purging Device: 

OBSERVATIONS 

Purge Water Appearmce Initial. 
Purge Water Appearmce Initial: 

PURGE WATER TESTING 
After 3 vol After 6 vol 

COMMENTS 



I WELL DEVELOPMENT SUM MARY SHEET 

Project Name: 'RADF~& Well Number: 
Location: 

C~BMJ I 
1 1 

Weather: / t / 2 1  I / s 9 y  

PURGING CALCULATI- 
Well Depth: / y 2  .oo 
Depth to Water: 
Water Column Length: (L) 
Inner Casing Diameter (d): 

feet 
feet 

inches = feet 

Volume of Standing Water 0: a ~ 1 . q  gallons 

V ( g a l l ~ b )  = 0.41 X 6 X L 
- 

I 

Total Volume to Purge. gallons ( V  6 )  
137.5 

PURGING EQUIPMENT 
Purging Devrce; sue p&M.Cr, 

OBSERVATlONS 

Purge Water Appearmce Initial: 
Purge Water Appearmce Initial: 

PURGE WATER TESTING 

COMMENTS 

I -1 



WELL DEVELOPMENT SUMMARY SHEET 

Project Name: KA~FORD Well Number: 
Location: 

YBWZ 
Weather: 

PURGING CALCULATlONS 
Well Depth: 135.7 feet 
Depth to Water: 117.5 feet 
Water Column Length: (L) 1 8 . z  f~ 
Inner Casing Diameter (d): 2. hches = feet 

Volume of Standing Water (V): 3.0 gallons 

Total Volume to Purge: 

PURGING EQUIPMENT 
Purging Device: I - Su6. pump 

w 

I OBSERVATIONS 

Purge Water Appearance Initial: 
Purge Water Appearance Initial: 

PURGE WATER TESTING 
After 3 vol After 6 vol 

COMMENTS 

I 



WELL DEVELOPMENT SUMMARY SHEET 

Project Name: 
Lacatinn. 

W D F ~ ~ S  Well Number: 4 8 W 3  
- - - - . . - . . . 
Weather: 1/10  /9c 

I / '  

PURGING CMCUlATlONS I Well Deoth: 122. 30 ieet 
Depth to Water: 9 3  .'Lr feet 1 Water Column Length: (L) ~ 0 1 . 0 8 -  ,- I Inner Casing Diameter (d): inches = feet 

I Volume of Standing Water (V): l83?  gallons 

Total Volume to Purge: 

PURGING EQUIPMENT 
Purging Device: I -  S M ~ .  pomD 

Purge Water Appeararce Initial: 1 Opaque 
Purge Water Appearnce Initial: 

PURGE WATER TESTING 
After 3 vol After 6 vol 

\I, 

COMMENTS 

F MOT CLG% A- 6 wwm~s, 
PUWQ 5 M~@LCR% MORE A d  
M ~ S ( I R E ~ -  IF C ~ A R  OR wTr)))d 
20% of PRNlatS R E e b r u t S ,  w. 
If NW, t43=FM UrvttL wt-#,u 20z . 

Time 
1 Purged Volume 

PID 
p H  

3rd Test 
/ L S D  

I re 
e 

'6  

I 
7 -  3 1 7 . 2 7  

lnit~al Ten 
1230 

(m L> 

1 

3 5 1  
S7.8 

4th  en* 
13- 
/SD 

- 

2nd Ten 
12  YO 

0 
Turbidity 

j odor 
't ' 
i - 

7-20 
Conductance q'I4 

,Ternperawe (P) : SY. 
3s7 
3 .'O 

5th ~ e e  
- 

4 

'7- 26 
3SY 



I WELL DEVELOPMENT SUMMARY SHEET 

1 Project Name: PA~WRD Well Number: Y ~ M w J  
- 

Locat ion: 
Weather: 

PURGING CALCULATIONS ,, ,/ 
Well Depth: y& . p a  feet 
Depth to Water: 71. @ feet 
Water Column Length: (L) 
Inner Casing Diameter (d): +hChes = - feet 

Volume of Standing Water 0: ( 6 . 1 0  g allons 

V (gallons) = 0.41 x @ x L 

Total Volume to Purge: 9 4 - 6  gallons c v 46) 

PURGING EQUIPMENT 
Purging Device: S'e. puip 

I 

OBSERVATlONS 

Purge Water Appearance Initial: 
Purge Water Appearance Initial: 

PURGE WATER TESTING 

] Temperature 112) ' 76.3 I 1 77.4 1 7 3 . 4  1 77.q 1 
AS/- (a I 

COMMENTS 

N O T  rLCAQ 6 vo~rlrvlF$ 
p~lrrp 5 ~ ~ d - 5  MORE A- Mw 
M ~ S L A R E ~ E U V .  IF c'LfAR OR 

20% op PREVIOUS RFf)b,utJ,m- 

,F N m  3 
U m L  wmtu 201 



APPENDIX E 

AQUIFER SLUG TESTING DATA 



DATA SET: 
SMU3lMWI.DAT 
09/03/95 

AQUIFER MODEL: 
Unconf ined 

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
t e s t  date: January 12. 1995 
obs.  w e l l :  31MWI 

TEST DATA: 
HO = 3 .26  f t  
r c  = 0 .167 f t  
r w  = 0 .413 f t  
L = 10. f t  
b - 2 0 .  f t  
H = 17.24 f t  

PARAMETER ESTIMATES: 
K = 0.0001607 f t / m i n  
yo = 0.9645 f t  

10 

1. 

. - , , I  I l l , , ,  1 1 1 1  ~ 1 1 1 1 ~ 1 1 1 1 =  - - - - - - - - - - 
- - 

r - 
- - - - 

h 
- - - 

w - 
3 - c - 

- 
- - - 
- 

Q 
- 

- 
d 

a - 
V1 - 
.d 

- 
n - - 

0.01 -- - 
- 

- 
- - 

- - 
- - 
- - - 
- - 
- - 

0.00 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

25. 55. 85. 115. 145. 175. 
Time (min) 

RAAP S W M U - 3 1  3 1 M W 1  INJECTION 
C l i e n t :  USAEC 

L o c a  t i o n :  Radford, Virginia 

Company: Parsons Engineering Science 

P r o j e c t :  722843 
--- AQTESOLV 



A Q T E S O L V  R E S U L T S  
Version 2.01 

Developed by Glenn M. Duffield 
(c) 1988-1995 Geraghty & Miller, Inc. 

-------------------------------------------------------------------------------. ---------------------------------------------------------------.----------------. 
TEST DESCRIPTION 

Data set . . . . . . . . . . .  SMU31MWl.DAT 
Output file . . . . . . . .  SMU31MWl.OUT 
Data set title . . . . .  RAAP SWMU-31 31MW1 INJECTION 
Company . . . . . . . . . . . .  Parsons Engineering Science 
Project . . . . . . . . . . . .  722843 
Client . . . . . . . . . . . . .  USCOE 
Location . . . . . . . . . . .  Radford, Virginia 
Test date . . . . . . . . . .  January 12, 1995 
Obs. well . . . . . . . . . .  31MW1 

Units of Measurement 
Length . . . . . . . . . .  ft 
Time . . . . . . . . . . . .  min 

Test Well Data 
Initial displacement in well . . . . .  3.26 
Radius of well casing . . . . . . . . . . . .  0.167 
Radius of wellbore . . . . . . . . . . . . . . .  0.413 
Aquifer saturated thickness . . . . . .  20 
Well screen length . . . . . . . . . . . . . . .  10 
Static height of water in well . . .  17.24 
Gravel pack porosity . . . . . . . . . . . . .  0.3 
Effective well casing radius . . . . .  0.2659 
Effective wellbore radius . . . . . . . .  0.413 
Log(Re/Rw) . . . . . . . . . . . . . . . . . . . . . . .  2.398 
Constants A, B and C............. 2.269 , 0.364, 0.000 
No. of observations . . . . . . . . . . . . . .  108 

............................................................................... ............................................................................... 
ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

............................................................................... ............................................................................... 
RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 1.60733-004 ft/min 
YO = 9.64463-001 ft 



DATA SET: 
SMU31MW2.DAT 
09/03/95 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
8ouwer-Rice 

PROJECT DATA: 
test date: JANUARY 12. 1995 
obs. well: SWMU-31 31MW2 

TEST DATA: 
HO = 2.18 f t  
rc = 0.167 f t  
rw = 0.413 f t  
L = 10. f t  
b = 20. f t  
H = 4.46 f t  

PARAMETER ESTIMATES: 
K = 0.0004158 ft/min 
y o  = 0.7575 f t  

10.-1 

h 1. 3 
rw 
w 

3 
E 

- - 
; - 

- 
Q) 

- 
0 
a - - 
rn 
a 
rn 
.d 

a 0.1 r - - - 
- - 
- - 
- - 

- - 

0.0 1 1 1 1 1 l 1 1 1 1 1 1 1 l 1 1 1 1 1 1 l l l l l  
4. 10.4 16.8 23.2 29.6 36. 

Time (min) 

I  I  I  I I I I  - 

RAAP S W M U - 3 1  3 1 M W 2  INJECTION 

1 1 1 1 ~ 1 1 1 1 ~ 1 1 1 1 -  

c l i e n t :  USAEC 

~ o c a  t i o n :  RADFORD, VIRGINIA 

- - - - - - 
- 

- - 
- - 
A - 

r - 
- - 

- - 

company: PARSONS ENGINEERING SCIENCE 

P r o  j e c  t: 722843 AOTESOLV 



A Q T E S O L V  R E S U L T S  
Version 2.01 

Developed by Glenn M. Duffield 
(c) 1988-1995 Geraghty & Miller, Inc. 

-_-_____-_______--_------------------------------------------------------------- -_--_-__------__---------------------------------------------------------------- 
TEST DESCRIPTION 

Data set . . . . . . . . . . .  SMU31MW2.DAT 
. . . . . . . .  Output file SMU31MW2.0UT 

. . . . .  Data set title RAAP SWMU-31 31MW2 INJECTION 
Company . . . . . . . . . . . .  PARSONS ENGINEERING SCIENCE 

. . . . . . . . . . . .  Project 722843 
Client . . . . . . . . . . . . .  USAEC 

. . . . . . . . . . .  Location RADFORD, VIRGINIA 
Test date . . . . . . . . . .  JANUARY 12, 1995 
Obs. well . . . . . . . . . .  SWMU-31 31MW2 

Units of Measurement 
. . . . . . . . . .  Length ft 

. . . . . . . . . . . .  Time min 

Test Well Data 
. . . . .  Initial displacement in well 

Radius of well casing . . . . . . . . . . . .  
Radius of wellbore . . . . . . . . . . . . . . .  
Aquifer saturated thickness . . . . . .  
Well screen length . . . . . . . . . . . . . . .  

. . .  Static height of water in well 
Gravel pack porosity . . . . . . . . . . . . .  
Effective well casing radius . . . . .  
Effective wellbore radius . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  Log(Re/Rw) 
Constants A, B and C............. 
No. of observations . . . . . . . . . . . . . .  

------__---____-___------------------------------------------------------------- --__--___-_________------------------------------------------------------------- 
ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

................................................................................ 
RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 4.15803-004 ft/min 
YO = 7.57543-001 ft 



DATA SET: 
5 IU3lMW3.DAT 
GQ/O3/95 

AQUIFER MODEL: 
U n c o n f i n e d  

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
t e s t  d a t e :  January  11. 1995 
obs. w e l l :  31MW3 

TEST DATA: 
HO = 0 . 5 1  f t  
r c  = 0 . 1 6 7  f t  
r w  = 0 . 4 1 3  f t  
L = 10 .  f t  
b = 2 0 .  f t  
H = 6 . 8 7  f t  

PARAMETER ESTIMATES: 
K = 1.024E-05 f t / m i n  
y o  = 0 .2338  f t  

I . - [  I I I - 1 / 1 1  I I I I ~ I I I I ~ I I I I - -  

RAAP S W M U - 3 1  3 1 M W 3  INJECTION 
cl i e n t :  Us*EC 

L o c a  t i o n :  Radford, Virginia 
- 

- - - - 
L 

- 
- 

- - 
- - 

Company: Parsons Engineering Science 

P r o  j e c  t :  722843 AQTESOLV 

n 0.1 e 
w 

c, 
E 

; 
Q, 
0 
a 
M 

a 
V) 

5 0.01 

*.*.r.- ---- ............. - 
- * - * ,  .................... 
- 

- - 
- - - - 
- 

- 
- 

- - 
- - 

- - 

=- - 
- - - - - - 

- 
- - 
- - 
- - 
- - 

O . O O 1 - l I I 1 l t l  
0. 60. 120. 180. 240. 300. 

Time (min) 



A Q T E S O L V  R E S U L T S  
Version 2.01 

Developed by Glenn M. Duffield 
(c) 1988-1995 Geraghty & Miller, Inc. 

............................................................................... ............................................................................... 
TEST DESCRIPTION 

Data set . . . . . . . . . . .  
. . . . . . . .  Output file 

Data set title . . . . .  
. . . . . . . . . .  Company. 

Project . . . . . . . . . . . .  
Client . . . . . . . . . . . . .  
Location . . . . . . . . . . .  
Test date . . . . . . . . . .  
Obs. well . . . . . . . . . .  

SMU31MW3.DAT 
SMU31M3I.OUT 
RAAP SWMU-31 31MW3 INJECTION 
Parsons Engineering Science 
722843 
USCOE 
Radford, Virginia 
January 11, 1995 
3 1MW3 

Units of Me~su~cment 
Length . . . . . . . . . .  ft 
Time . . . . . . . . . . . .  min 

Test Well Data 
Initial displacement in well . . . . .  0.51 
Radius of well casing . . . . . . . . . . . .  0.167 
Radius of wellbore . . . . . . . . . . . . . . .  0.413 
Aquifer saturated thickness . . . . . .  20 
Well screen length . . . . . . . . . . . . . . .  10 
Static height of water in well . . .  6.87 
Gravel pack porosity . . . . . . . . . . . . .  0.3 
Effective well casing radius . . . . .  0.2659 
Effective wellbore radius . . . . . . . .  0.413 
Log(Re/Rw) . . . . . . . . . . . . . . . . . . . . . . .  1.862 
Constants A, B and C............. 2.269 , 0 
No. of observations . . . . . . . . . . . . . .  314 

............................................................................... ............................................................................... 
ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

............................................................................... ............................................................................... 
RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 1.0236E-005 ft/min 
YO = 2.3381E-001 ft 



106. 154. 
Time (min) 

DATA SET: 
SMU31M3W.DAT 
09/03/95 

AQUIFER MODEL: 
U n c o n f i n e d  

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
t e s t  d a t e :  JANUARY 12. 1995 
G'IS. w e l l :  31MW3 

TEST DATA: 
HO = 1 . 4 7  f t  
r c  = 0 . 1 6 7  f t  
r w  = 0 . 4 1 3  f t  
L  = 10.  f t  
b = 5 0 .  f t  
H  = 6 . 8 7  f t  

PARAMETER ESTIMATES: 
K = 2.034E-05 f t / m i n  

R A A P  S W M U - 3  1 3 1 M W 3  WITHDRAWAL 
I c l i e n t :  USAEC 

I ~ o c a t  i o n :  RADFORD, VIRGINIA I p r o j e c t :  722843 AOTESOLV 



A Q T E S O L V  R E S U L T S  
Version 2.01 

Developed by Glenn M. Duffield 
(c) 1988-1995 Geraghty & Miller, Inc. 

................................................................................ 
T981 DESCRIPTION 

Data set . . . . . . . . . . .  SMU31M3W.DAT 
Output file . . . . . . . .  SMU31M3W.OUT 
Data set title . . . . .  RAAP SWMU-31 31MW3 WITHDRAWAL 
Company . . . . . . . . . . . .  PARSONS ENGINEERIGG SCIENCE 
Project . . . . . . . . . . . .  722843 
Client . . . . . . . . . . . . .  USAEC 
Location . . . . . . . . . . .  RADFORD, VIRGINIA 
Test date . . . . . . . . . .  JANUARY 12, 1935 
Obs. well . . . . . . . . . .  31MW3 
Units of Measurement 

Length . . . . . . . . . .  ft 
Time . . . . . . . . . . . .  min 

Test Well Data 
Initial displacement in well . . . . .  
Radius of well casing . . . . . . . . . . . .  
Radius of wellbore . . . . . . . . . . . . . . .  

. . . . . .  Aquifer saturated thickness 
Well screen length . . . . . . . . . . . . . . .  
Static height of water in well . . .  
Gravel pack porosity . . . . . . . . . . . . .  
Effective well casing radius . . . . .  
Effective wellbore radius . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  Log(Re/Rw) 
Constants A, B and C............. 
No. of observations . . . . . . . . . . . . . .  

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

ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

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

RESULTS FROM STATISTICAL CURVE MATCHING 

Estimate Std. Error 
K = 3.6792E-005 + / -  6.50993-006 ft/min 
YO = 6.64273-001 + / -  2.3484E-002 ft 

ANALYSIS OF MODEL RESIDUALS 



residual = observed - calculated 
weighted residual = residual * weight 

Weighted Residual Statistics: 
Number of residuals . . . . . . . . . . . . . . .  57 
Number of estimated parameters . . . .  2 
Degrees of freedom . . . . . . . . . . . . . . . .  55 
Residual mean..................... 0.001927 
Residual standard deviation . . . . . . .  0.1349 
Residual variance . . . . . . . . . . . . . . . . .  0.0182 

Model Residuals: 

Time 
- - - - - - - - - - - - -  - 

1 
1.17 
1.25 
1.5 

1.58 
1.67 
1.75 
1.91 

2 
2.25 
2.41 
2.5 

2.67 
2.91 
3.17 
3.33 
3.67 
3.91 

4 
4.75 

5 
6 

6.25 
6.75 
7.25 
8.25 
9.25 
9.75 

10.25 
11.25 
12.25 
13.25 
14.25 
15.25 

16 
17 
20 
25 
29 
32 
36 
40 
45 
50 

Observed Calculated 
- - - - - - - - - - - -  - - - - - - - - - - - - -  - -  

1.35 0.66045 
1.05 0.6598 
0.94 0.65949 
0.84 0.65854 
0.78 0.65824 
0.74 0.65789 
0.73 0.65'759 
0.71 0.65698 
0.69 0.65664 
0.68 0.65369 
0.67 0.655C9 

0.656 0.65475 
0.65 0.65411 
0.64 0.6532 
0.63 0.65222 
0.62 0.65162 
0.61 0.65034 
0.6 0.64944 

0.59 0.6491 
0.58 0.64629 
0.57 0.64536 
0.57 0.64164 
0.55 0.64072 
0.55 0.63887 
0.55 0.63703 
0.55 0.63336 
0.54 0.62971 
0.53 0.6279 
0.53 0.62609 
0.53 0.62248 
0.53 0.61889 
0.52 0.61533 
0.52 0.61179 
0.52 0.60826 
0.52 0.60563 
0.52 0.60215 
0.51 0.5918 
0.5 0.57496 

0.49 0.56182 
0.48 0.55217 
0.47 0.53956 
0.47 0.52724 
0.40 0.51223 
0.45 0.49765 

Residual Weight 
. - - - - - - - - - - -  - - - - - - - - - - - - -  

0.68955 1 
0.3902 1 

0.28051 1 
0.18146 1 
0.12176 1 

0.082106 1 
0.072409 1 
0.053017 1 
0.033358 1 
0.024306 1 
0.014911 1 

0.0012519 1 
-0.0041055 1 
-0.013199 1 
-0.022219 1 
-0.031617 1 
-0.040338 1 
-0.049437 1 

-0.0591 1 
-0.066294 1 
-0.075362 1 
-0.071645 1 
-0.090719 1 
-0.088871 1 
-0.087029 1 
-0.08336 1 

-0.089712 1 
-0.097896 1 
-0.096086 1 
-0.09248 1 

-0 -088895 1 
-0.09533 1 

-0.091787 1 
-0.088263 1 
-0.085634 1 
-0.082146 1 
-0.081802 1 
-0.074955 1 
-0.071824 1 
-0.072173 1 
-0.069562 1 
-0.057239 1 
-0.05223 1 

-0.047649 1 



............................................................................... ............................................................................... 
RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 2.0339E-005 ft/min 
YO = 5.51723-001 ft 



DATA SET: 
SMU31MW4.0AT 
09/03/95 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
test date: January 11 .  1995 
obs. well: 31MW4 

TEST DATA: 
HO = 0.33 f t  
rc = 0.167 f t  
rw = 0.413 f t  
L = 10. ft  
b = 20. f t  
H = 5.61 f t  

PARAMETER ESTIMATES: 
K = 0.001161 ft/min 
y o  = 0.3135 f t  

10. 

1. 

n 
3 ccc 
v 

- 1  , , , - - I I I 1  

RAAP SWMU-3 1 31MW4 INJECTION 

- 

- - - - 
0 - - 
Q - 
a - 

C l i e n t :  USAEC 

L o c a t  i o n :  Radford, Virginia 

- - - - - - - 
7 - 
- - 

=- - 
- - 

- - - - - - - - - 
- - 

1 1 1 1  

V1 .& 
n 

0.01 

Company: Parsons Engineering Science 

P r o j e c t :  722483 AQTESOLV 

1 1 1 1 ~ 1 1 1 1 =  

- - 
- - 

=- - 
- - - 
- - 
- - 
- 

- - 
- - 
- - 

O . O O 1 . l I 1 l l l  
2. 4. 6. 8. 10. 12. 

Time (min) 



A Q T E S O L V  R E S U L T S  
Version 2.01 

Developed by Glenn M. Duffield 
(c) 1988-1995 Geraghty & Miller, Inc. 

................................................................................ ................................................................................ 
TEST DESCRIPTION 

Data set...... . . . . .  SMU31MW4.DAT 
Output file . . . . . . . .  SMU31MW4.0UT 
Data set title ..... RAAP SWMU-31 31MW4 INJECTION 
Company . . . . . . . . . . . .  Parsons Engineering Science 
Project . . . . . . . . . . . .  722483 
Client . . . . . . . . . . . . .  USCOE 
Location . . . . . . . . . . .  Radford, Virginia 
Test date . . . . . . . . . .  January 11, 1995 
Obs. well . . . . . . . . . .  31MW4 

Units of Measurement 
Length . . . . . . . . . .  ft 
Time . . . . . . . . . . . .  min 

Test Well Data 
Initial displacement in well . . . . .  0.33 
Radius of well casing . . . . . . . . . . . .  0.167 
Radius of wellbore . . . . . . . . . . . . . . .  0.413 
Aquifer saturated thickness . . . . . .  20 
Well screen length . . . . . . . . . . . . . . .  10 
Static height of water in well . . .  5.61 
Gravel pack porosity . . . . . . . . . . . . .  0.3 
Effective well casing radius . . . . .  0.2659 
Effective wellbore radius . . . . . . . .  0.413 
Log(Re/Rw) . . . . . . . . . . . . . . . . . . . . . . .  1.758 
Constants A, B and C............. 2.269 , 0.364, 0.000 
No. of observations . . . . . . . . . . . . . .  84 

................................................................................ ................................................................................ 
ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

................................................................................ ................................................................................ 
RESULTS FROM STATISTICAL CURVE MATCHING 

STATISTICAL MATCH P W E T E R  ESTIMATES 

Estimate Std. Error 
K = 2.4211E-002 + / -  2.88953-003 ft/min 
YO = 2.4020E+001 + / -  9.20293+000 ft 

ANALYSIS OF MODEL RESIDUALS 



residual = observed - calculated 
weighted residual = residual * weight 

Weighted Residual Statistics: 
Number of residuals . . . . . . . . . . . . . . .  84 
Number of estimated parameters . . . .  2 
Degrees of freedom . . . . . . . . . . . . . . . .  82 
Residual mean..................... 0.05972 
Residual standard deviation . . . . . . .  0.1186 
Residual variance . . . . . . . . . . . . . . . . .  0.01408 

Model Residuals: 

Time Observed Calculated Residual Weight 
- - - - - - - - - - - - -  - - - - - - - - - - - - -  - - - - - - - - - - - - -  - - - - - - - - - - - - -  - - - - - - - - - - - - -  

0.75 1.55 1.2931 0.25694 1 
0.767 1.47 1.2102 0.25981 1 
0.783 1.3 1.1371 0.16294 1 

0.8 1.18 1.0642 0.11581 1 
0.817 1.09 0.996 0.094004 1 
0.833 1.01 0.93581 0.074193 1 
0.85 0.61 0.87584 -0.26584 1 

0.867 0.64 0.81971 -0.17971 1 
0.883 0.59 0.77017 -0.18017 1 

0.9 0.55 0.72082 -0.17082 1 
0.917 0.52 0.67463 -0.15463 1 
0.933 0.49 0.63386 -0.14386 1 
0.95 0.47 0.59324 -0.12324 1 

0.967 0.45 0.55522 -0.10522 1 
0.983 0.43 0.52167 -0.091669 1 

1 0.42 0.48824 -0.068238 1 
1.2 0.4 0.224 0.176 1 
1.4 0.3 0.10277 0.19723 1 
1.6 0.26 0.047148 0.21285 1 
1.8 0.23 0.021631 0.20837 1 

2 0.21 0.009924 0.20008 1 
2.2 0.21 0.004553 0.20545 1 
2.4 0.19 0.0020889 0.18791 1 
2.6 0.19 0.00095835 0.18904 1 
2.8 0.18 0.00043968 0.17956 1 

3 0.17 0.00020172 0.1698 1 
3.2 0.16 9.25463-005 0.15991 1 
3.4 0.16 4.24593-005 0.15996 1 
3.6 0.15 1.9483-005 0.14998 1 
3.8 0.14 8.937E-006 0.13999 1 

4 0.14 4.10023-006 0.14 1 
4.2 0.13 1.88113-006 0.13 1 
4.4 0.13 8.63033-007 0.13 1 
4.6 0.13 3.95953-007 0.13 1 
4.8 0.12 1.8166E-007 0.12 1 

5 0.11 8.3341E-008 0.11 1 
5.2 0.11 3.8236E-008 0.11 1 
5.4 0.11 1.7542E-008 0.11 1 
5.6 0.1 8.0481E-009 0.1 1 
5.8 0.09 3.69243-009 0.09 1 

6 0.09 1.694E-009 0.09 1 
6.2 0.09 7.7719E-010 0.09 1 
6 - 4  0.09 3.56573-010 0.09 1 
6.6 0.08 1.63593-010 0.08 1 



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

RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 8.39523-003 ft/min 
YO = 9.57753+000 ft 



DATA SET: 
SMU31M4W.DAT 
09/03/95 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
t e s t  date: JANUARY 12. 1995 
obs. w e l l :  31MW4 

TEST DATA: 
HO = 0 . 9  f t  
r c  = 0 . 1 6 7  f t 
r w  = 0 . 4 1 3  f t  
L = 10 .  f t  
b = 2 0 .  f t  
H = 5 . 3  f t  

PARAMETER ESTIMATES: 
K = 1.821E-05 f t / m i n  
yo = 0 . 3 4 3 2  f t  

1 . - I  

n 
3 0 . 1 r  
cw 
v 

3 
c: 

2 
Q, 
0 
(d 
M 

PC 
II) 

is 0 . 0 1 r  

0.001 
20. 

Time (min) 

I I I - 

RAAP S W M U - 3  1 3 1MW4 WITHDRAWAL 

C l i e n t :  USAEC 

L o c a t  i o n :  RADFORD, VIRGINIA 

I I I I  

company :  P A R S O N S  ENGINEERING SCIENCE 

P r o j e c t :  722843 AQTESOLV 

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

- 
- 

- 
- - 

- 
- - 
- - 
- - 
- - 
- - 

- 
- - - - - - 

- 
- - 
- - 
- - 

- - 

I I I I  

I I I I  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

I I 1  I 

64. 108. 152. 196. 240. 

I I I I -  



A Q T E S O L V  R E S U L T S  
Version 2.01 

Developed by Glenn M. Duffield 
(c) 1988-1995 Geraghty & Miller, Inc. 

....................................................................... ................................................................................ 
TEST DESCRIPTION 

. . . . . . . . . . .  Data set 
. . . . . . . .  Output file 

. . . . .  Data set title 
Company . . . . . . . . . . . .  
Project . . . . . . . . . . . .  
Client . . . . . . . . . . . . .  
Location . . . . . . . . . . .  
Test date . . . . . . . . . .  
Obs. well . . . . . . . . . .  

SMU31M4W.DAT 
SMU31M4W.OUT 
RAAP SWMU-31 31MW4 WITHDRAWAL 
PARSONS ENGINEERING SCIENCE 
722843 
USAEC 
RADFORD, VIRGINIA 
JANUARY 12, 1995 
31MW4 

Units of Measurement 
Length . . . . . . . . . .  ft 
Time . . . . . . . . . . . .  min 

Test Well Data 
Initial displacement in well . . . . .  0.9 
Radius of well casing . . . . . . . . . . . .  0.167 
Radius of wellbore . . . . . . . . . . . . . . .  0.413 
Aquifer saturated thickness . . . . . .  20 
Well screen length . . . . . . . . . . . . . . .  10 

. . .  Static height of water in well 5.3 
Gravel pack porosity . . . . . . . . . . . . .  0.3 
Effective well casing radius . . . . .  0.2659 
Effective wellbore radius . . . . . . . .  0.413 
Log(Re/Rw) . . . . . . . . . . . . . . . . . . . . . . .  1.729 
Constants A, B and C............. 2.269 , 0.364, 0.000 
No. of observations . . . . . . . . . . . . . .  27 

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

ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

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

RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 1.82063-005 ft/min 
yo = 3.4319E-001 ft 



UATA SET: 
SYU48MWI.DAT 
09/03/95 

AQUIFER MODEL: 
Uncon f i ned  

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
t e s t  date:  January 13. 1995 
obs .  w e l l :  4BMWi 

TEST DATA: 
HO = 3 .24  f t  
r c  = 0 .167  f t  
r w  = 0 .413  f t  
L = 30.  f t  
b = 50 .  f t  
H = 42.96 f t  

PARAMETER ESTIMATES: 
K = 9.178E-05 f t / m i n  
yo  = 2 .056  f t  

10. 

n 

RAAP S W M U - 4 8  4 8 M W 1  INJECTION 
CI i e n t :  Company: Parsons Engineering Science 

P r o j e c t :  722843 AOTESOLV 

1 1 1 1  I I I I I  I I I I ~ I I I I ~ I I I I _  - - 
- - 
- - 
- - 
- - 

- 

- 

3 

0 
Q 
4 

a 
rn 

s 

0.1 

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

1 1 1 1  I I I I I I I I I  I I I I I I I I I  

4. 11.2 18.4 25.6 32.8 40. 
Time (min) 



A Q T E S O L V  R E S U L T S  
Version 2.01 

Developed by Glenn M. Duffield 
(c) 1988-1995 Geraghty & Miller, Inc. 

................................................................................ 
TEST DESCRIPTION 

Data set . . . . . . . . . . .  
. . . . . . . .  Output file 

. . . . .  Data set title 
. . . . . . . . . . . .  Company 

Project . . . . . . . . . . . .  
Client . . . . . . . . . . . . .  

. . . . . . . . . . .  Location 
. . . . . . . . . .  Test date 
. . . . . . . . . .  Obs. well 

SMU4 8MW1. DAT 
SMU48MlI.OUT 
RAAP SWMU-48 48MW1 INJECTION 
Parsons Engineering Science 
722843 
USCOE 
Radford, Virginia 
January 13,1995 
4 8MW1 

Units of Mea~urement 
Length . . . . . . . . . .  ft 
Time . . . . . . . . . . . .  min 

Test Well Data 
Initial displacement in well . . . . .  
Radius of well casing . . . . . . . . . . . .  
Radius of wellbore . . . . . . . . . . . . . . .  
Aquifer saturated thickness . . . . . .  
Well screen length . . . . . . . . . . . . . . .  
Static height of water in well . . .  
Gravel pack porosity . . . . . . . . . . . . .  
Effective well casing radius . . . . .  
Effective wellbore radius . . . . . . . .  
Log(Re/Rw) . . . . . . . . . . . . . . . . . . . . . . .  
Constants A, B and C............. 
No. of observations . . . . . . . . . . . . . .  

............................................................................... ............................................................................... 
ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

............................................................................... _--__________---___-----------------------------------------------~------------ 
RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 9.17853-005 ft/min 
yo = 2.05563+000 ft 



DATA SET: 
SMU48MlW.DAT 
09 /03 /95  

AQUIFER MODEL: 
U n c o n f i n e d  

SOLUTION METHOD: 
Bouwer -R ice  

PROJECT DATA: 
r ? s t  d a t e :  JANUARY 13. 1995 
O ~ S .  w e l l :  4BMWI 

TEST DATA: 
HO = 4 . 2 2  f t  
r c  = 0 . 1 6 7  f t  
r w  = 0 . 4 1 3  f t  
L  = 3 0 .  f t  
b = 5 0 .  f t  
H =  4 3 .  f t  

PARAMETER ESTIMATES: 
K = 4 .107E-05 f t / m i n  
y o  = 3 . 5 7 9  f t  

10. I I I I  I I I I  I I I I ~ I I I I  I I  I l l  - - 
7 - 
- - 
- - 

- - 

- - 

RAAP S W M U - 4 8  48MW 1 WITHDRAWAL 

- 

1. 

c l i e n t :  USAEC 

L o c a t  i o n :  RADFORD, VIRGINIA 

company: PARSONS ENGINEERING SCIENCE 

p r o  j e c  t: 722843 AQTESOLV 

I  I  I  I  1 1 1 1  1 1 1 1 l 1 1 1 1  

10. 26. 42. 58. 74. 90. 
Time (min) 

1 1 1 1  



A Q T E S O L V  R E S U L T S  
Version 2.01 

Developed by Glenn M. Duffield 
(c) 1988-1995 Geraghty & Miller, Inc. 

................................................................................ ................................................................................ 
TEYT DESCRIPTION 

Data set . . . . . . . . . . .  
. . . . . . . .  Output file 

Data set title . . . . .  
Company . . . . . . . . . . . .  
Project . . . . . . . . . . . .  
Client . . . . . . . . . . . . .  
Location . . . . . . . . . . .  

. . . . . . . . . .  Test date 

. . . . . . . . . .  Obs. well 

SMU4 8MlW. DAT 
SMU4 8MlW. OUT 
RAAP SWMU-48 48MW1 WITHDRAWAL 
PARSONS ENGINEERING SCIENCE 
722843 
USAEC 
RADFORD, VIRZINIA 
JANUARY 13, ; 9 9 ~  
4 8MW1 

Units of Measurement 
Length . . . . . . . . . .  ft 
Time . . . . . . . . . . . .  min 

Test Well Data 
Initial displacement in well . . . . .  
Radius of well casing . . . . . . . . . . . .  
Radius of wellbore . . . . . . . . . . . . . . .  
Aquifer saturated thickness . . . . . .  
Well screen length . . . . . . . . . . . . . . .  
Static height of water in well . . .  
Gravel pack porosity . . . . . . . . . . . . .  
Effective well casing radius . . . . .  
Effective wellbore radius . . . . . . . .  
Log(Re/Rw) . . . . . . . . . . . . . . . . . . . . . . .  
Constants A, B and C............. 
No. of observations . . . . . . . . . . . . . .  

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

ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

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

RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 4.10693-005 ft/min 
YO = 3.57933+000 ft 



DATA SET: 
SMU48MW2.DAT 
09/03/95 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
t e s t  date:  January 13. 1995 
obs. we1 1: 48MW2 

TEST DATA: 
HO = 1 . 3 6  f t  
r c  = 0 . 0 8 6  f t  

L = 3 0 .  f t  
r w  = 0 . 2 0 8  f t  

b = 5 0 .  f t  
H = 1 9 . 1 1  f t  

t14RAMETER ESTIMATES: 
K = 2.923E-06 ft /rnin 
yo = 3 . 2 2 2  f t  

1O.LI 1 )  1 
- - 1 1 1 1 ~ 1 1 1 1 ~ 1 1 1 1 ~ 1 1 1 I =  

RAAP S W M U - 4 8  4 8 M W 2  INJECTION 
C l i e n t :  UsAEC 

L o c a t  i o n :  Radford, Virginia 

- - 
- - - - - 
- 

- - 

1. = 
- - 

Company: Parsons Engineering Science 

P r o j e c t :  722483 AOTESOLV 

n 
4 ccc 
Y 
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0.1, 
Q, 
0 
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a 
m 
5 

0.01 

- - - 
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- - - 
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- - 
- - 
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- - 
- - 
- - 
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- - 
- - 
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A Q T E S O L V  R E S U L T S  
Version 2.01 

Developed by Glenn M. Duffield 
(c) 1988-1995 Geraghty & Miller, Inc. 

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

TEST DESCRIPTION 

Data set . . . . . . . . . . .  SMU48MW2.DAT 
Output file . . . . . . . .  SMU48M2I.OUT 
Data set title . . . . .  RAAP SWMU-48 48MW2 INJECTION 
Company . . . . . . . . . . . .  Parsons Engineering Science 
Project . . . . . . . . . . . .  722483 
Client . . . . . . . . . . . . .  USCOE 
Location . . . . . . . . . . .  Radford, Virginia 
Test date . . . . . . . . . .  January 13, 1995 
Obs. well . . . . . . . . . .  48MW2 

units of Measurement 
Length . . . . . . . . . .  ft 
Time . . . . . . . . . . . .  min 

Test Well Data 
Initial displacement in well . . . . .  1.36 
Radius of well casing . . . . . . . . . . . .  0.086 
Radius of wellbore . . . . . . . . . . . . . . .  0.208 
Aquifer saturated thickness . . . . . .  50 
Well screen length . . . . . . . . . . . . . . .  30 
Static height of water in well . . .  19.11 
Gravel pack porosity . . . . . . . . . . . . .  0.3 
Effective well casing radius . . . . .  0.1347 
Effective wellbore radius . . . . . . . .  0.208 
Log(Re/Rw) . . . . . . . . . . . . . . . . . . . . . . .  3.207 
Constants A, B and C . . . . . . . . . . . . .  5.297 , 0.917, 0.000 
No. of observations . . . . . . . . . . . . . .  122 

............................................................................... ............................................................................... 
ANALYTICAL METHOD 

Bouwer-Rice (Unconfined Aquifer Slug Test) 

............................................................................... ............................................................................... 
RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 2.92253-006 ft/min 
yo = 3.22173+000 ft 



in- 
s 

DATA SET: 
SMU4BMW3.OAT 
09/03/95 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
t e s t  date: January 13. 1995 
obs. we1 1: 48MW3 

TEST DATA: 
HO = 3.08 f t  
r c  = 0.167 f t  
r w  = 0.413 f t  
L = 20. f t  
b = 50. f t  
H = 29.78 f t  

PARAMETER ESTIMATES: 
K = 7.268E-05 f t / m i n  
yo = 2.024 f t  

10. L I  I  I  I  - I I I I  - 1 1 1 1 ~ 1 1 1 1 ~ 1 1 1 1 :  

RAAP S W M U - 4 8  4 8 M W 3  INJECTION 

- - - - - - 
- 

- - 
- - 

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

0.1 = - - - - - 
- - 
- - 
- - - - - 
- 

0.01 =- - - 

10. 88. 166. 244. 322. 400. 
Time (min) 

C l i e n t :  UsAEC 

L o c a t  i o n :  Radford, Virginia 

Company: Parsons Engineering Science 

P r o  j e c  t: 722483 AOTESOLV 



A Q T E S O L V  R E S U L T S  
Version 2.01 

Developed by Glenn M. Duffield 
(c) 1988-1995 Geraghty & Miller, Inc. 

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

TEST DESCRIPTION 

. . . . . .  Data set..... 
. . . . . . . .  Output file 

. . . . .  Data set title 
Company . . . . . . . . . . . .  
Project . . . . . . . . . . . .  
Client . . . . . . . . . . . . .  
Location . . . . . . . . . . .  

. . . . . . . . . .  Test date 
Obs. well . . . . . . . . . .  

SMU4 8MW3 . DAT 
SMU4 8M3 I. OUT 
RAAP SWMU-48 48MW3 INJECTION 
Parsons Engineering Science 
722483 
USCOE 
Radford, Virginia 
January 13, 1995 
4 8MW3 

Units of Measurement 
Length . . . . . . . . . .  ft 
Time . . . . . . . . . . . .  min 

Test Well Data 
. . . . .  Initial displacement in well 

Radius of well casing . . . . . . . . . . . .  
Radius of wellbore . . . . . . . . . . . . . . .  

. . . . . .  Aquifer saturated thickness 
Well screen length . . . . . . . . . . . . . . .  
Static height of water in well . . .  
Gravel pack porosity . . . . . . . . . . . . .  
Effective well casing radius . . . . .  
Effective wellbore radius . . . . . . . .  
Log(Re/Rw) . . . . . . . . . . . . . . . . . . . . . . .  
Constants A, B and C............. 
No. of observations . . . . . . . . . . . . . .  

-------------------------------------------------------------------------------. ............................................................................... 
ANALYTICAL METHOD 

Bouwer-Rice .(Unconfined Aquifer Slug Test) 

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

RESULTS FROM VISUAL CURVE MATCHING 

VISUAL MATCH PARAMETER ESTIMATES 

Estimate 
K = 7.26843-005 ft/min 
yo = 2.02413+000 ft 
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GEOTECHNICAL DATA 



APPENDIX F 
GEOTECHNICAL DATA 

RADFORD ARMY AMMUNITION PLANT 

Grain Size Distribution (2) Atterberg Limits (3) 
Percent Percent Percent 

Sample Depth Description USCS (1) Gravel Sand Fines LL PL PI Comments 

31MW1 10-12' Light grey sandy CL 0 38 62 28 18.5 9.5 
silty clay 

48MW3 10-1 2' Brown clayey SC-SM 2 60 38 27.8 22 5.8 1 of 2 samples 
sand 

48MW3 10-1 2' Brown clayey SC-SM 2 65 33 28.8 22.5 6.3 2 of 2 samples 
sand 

48SB5 10-1 1' Brown silty sand SM 15 57 28 NP NP NP 
with gravel 

48MW2 40-42' Light grey ML 0 30 70 NP NP NP 
sandy silt 

54SB1 15-1 7' Brown silty SM 0 68 32 NP NP NP 
sand 

54SB2 10-1 2' Brown sandy ML 0 47 53 NP NP NP 
si lt 

54SB3 10-1 2' Brown silty SM 0 68 32 NP NP NP 
sand 

54SB4 5-7' Brown sandy CL-ML 0 40 60 26 21 5 
si lt 

54SB5 15-1 7' Brown silty SM 0 52 48 NP NP NP 
sand 

54SB6 15-20' Brown silty SM 0 52 48 NP NP NP 
sand - -  

54SB7 10-12' Brown silty SM 0 82 18 NP NP NP 
sand 

54SB8 15-17' Brown silty SM 0 59 4 1 NP NP NP 
sand 

54SB9 10-12' Brown sandy ML 0 46 54 24.1 21.2 2.9 
silt 



APPENDIX F 
GEOTECHNICAL DATA 

RADFORD ARMY AMMUNITION PLANT 

Grain Size Distribution (2) Atterberg Limits (3) 
Percent Percent Percent 

Sample Depth Description USCS (1) Gravel Sand Fines LL PL PI Comments 

54SBlO 10-12' Brownsilty SM 0 63 37 NP NP NP 
sand 

54SBl1 15-1 7' Brown silty SM 0 63 37 NP NP NP 
sand 

54SB12 5-7' Brown sandy CL-ML 0 42 58 23.2 18 5.2 
lean clay 

54SB13 5-7' Brown silty SM 0 48 52 NP NP NP 
sand 

54SB14 7-9' Brown silty SM 0 75 25 NP NP NP 
sand 

54SB16 10-1 2' Brown silty SM 0 7 1 29 NP NP NP 
sand 

BGIBUC3 3-5' Brown silty sand SM 0 81 19 33 19 4 
some clay 

BG4CUC17 15-1 7' Brown sandy ML 3 41 56 29 24 5 
silt 

BG8BUC5 3-5' Brown silty sand SM 0 61 39 41 28 13 
some clay 

BG8CUC10 8-10' Brown silty GM 35 33 32 36 26 10 
gravel with sand 

BG3CWL22 20-22' Brown sandy ML 0 17 83 NP NP NP 
silt 

BG5BWL3 1-3' Brown clayey SC 0 7 1 29 32 19 13 
silt 

BGSCWLB 6-8' Dark brown CL 0 4 1 59 30 20 10 
silty sand 

BG6BWL4 2-4' Brown clayey SC 0 64 36 31 20 11 
sin 



APPENDIX F 
GEOTECHNICAL DATA 

RADFORD ARMY AMMUNITION PLANT 

Grain Size Distribution (2) Atterberg Limits (3) 
Percent Percent Percent 

Sample Depth Description USCS (1) Gravel Sand Fines LL PL PI Comments 

BG1 BBL4 2-4' Brown clayey SC 0 57 43 28 16 12 
sandy silt 

BGlCBL10 8-10' Brown silty SM 0 52 48 30 25 5 
sand 

BG2CBL17 15-17' Brown clayey SC 0 6 1 39 32 22 10 
sitt 

BG4BBL5 3-5' Brown lean clay CL 2 27 71 26 18 8 

(I) USCS: Unified Soil Classification System 
(2) Grain Size Distribution: 

Gravel: Particles of rock that are retained on a 4.75 mm (No. 4) sieve. 
Sand: Particles that will pass a 4.75 mm sieve, but are retained on a 0.075 mm (No. 200) sieve. 
Fines: Include silt and sand. Particles that will pass a 0.075 mm (No. 200) sieve. 

(3) Atterberg Limits: 
LL: Liquid Limit 
PL: Plasticity Limit 
PI: Plasticity Index (PI = LL - PL) 
NP: Nonplastic 



VISUAL MANUAL S O U  CLASSIFICATION DATA SUMMARY 

Group 
Symbol 

Color 
Odor 

CL 

Light Brown 
None 

CL 
Light Brown\ 
Gray-Brown 
None 

CH 

Brown 
None 

CL 
Darlr 
Red-Brown 
None 

CL 

Light Brown 
None 

ML 

Brown 
None 

ML 

Brown 
None 

Red-Brown 
None 
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DATA SUMMARY TABLES FOR JANUARY 1995 SAMPLING EVENT 





D h t h y l  p h t h l l a t e  2.2  U 2.2  U 2 .2  U 2 .2  U 2.2 U 2.2 U 2.2  U 2.2 U 2 . 2  U 2.2 U 

DI-n-butyl phthalate  3 3  U 3 3  U 3 3  U 3 3  U 3 3  U 3 3  U 3 3  U 3 3  U 3 3  U 3 3  U 

Dl-n-octyl phthalate  1.5 U 1.5 U 1.5 U 1.5 U 1.5 U 1.5 U 1.5 U 1.5 U 1.5 U 1.5 U 
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2-l.leth;~lphencl 0.11 U 0.12 - U 0.12 n mG.13 U "11 U 0 .11  U 0.12 U 0.12 U 
3 , 3 ~ h l c ~ r c , b e n z i d i n e  1 .87  U p  1 .?3 Ll 2.f3.I I! 2 . 1 7  U 1 .90  U - 
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4-BP.'ZI~I?FHEtl'iLFHEIIYL ETHER 0 . 5 5  U 0." TJ O.Cl5 U C.06 U 0.05 V 0.04 U 0 .05 U 0 .05  U - 
3-I.IETHYL-?-CHLOR,ZFHENOL - I  .C? U 1 . 1 2  U 1 .18  U 1 . 2 6  U 1 .07 U 1 .01  U 1 . 1 3  U 1 .16  U 
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Diethyl phthalate 

Dimethyl phthalate 
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S e l e n i u m  

L e a d  

S i l i ' e r  

B a r i u m  

B e r ; ' l l  i urn 
Cadtniurn  

C h r o m i u m  

l l i c k e l  

A n t i m o n y  

T h a l l i u m  

I.lcrcur:' 

17ASB105 

0809429 

94.87 

0 .58  

5 , 2 5 6 . 4 1  

4 2 . 3 1  

5 , 1 2 8 . 2 1  
1 . 6 5  

1 3 . 7 2  

2 , 0 5 1 . 2 8  

902 .56  
7 7 . 9 5  

43.97 

0 .29  

54 

UJ4 

5 6  

54 

J 1  
J4  

56  

J4  

LfJ1 

J4  

17ASB110 

UBO6430 

9.30 

5 .57  

1 0 1 . 3 9  

0 . 3 9  

63 .12  

2 .22  

1 . 5 2  
5 5 . 5 1  

21 .84  

24 .84  

43.47 

0 .14  

17ASB115 

W06431 

1 3 . 5 0  

0 . 5 5  

5 6 . 4 4  

0 .02  

69 .20  

2 . 1 1  

1 .47  

5 4 . 7 2  

2 9 . 2 0  
2 4 . 0 5  

4 2 . 0 9  

0 . 1 6  

54 

UJ4 
5 6  

54 

J1 

54 

U 
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U 
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54 

J4  
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5 6  
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J1 
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0 . 5 5  
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2 .12  
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1.'- 

U 

56 

54  

U 

UJ4 

54 

UJ4 
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5 6  

UJ4 

J1 

54  

1 . 4 0  - 1 . 5 7  

68 .50  

28 .37  

- 25.62 

44.84 

0 . 0 9  

54 

UJ4 
J 6  

J.1 

J 1  

J-1 
- 

U 
5 6  

J4 

U 

UJ1 

J 4  

1 .44  
49 .70  

p-pp--p-- 

27.78 

23.47 

41 .08  

0 . 0 6  

L' 

17ASB205 

W06435 

7 . 3 3  

,?. 56 

2 6 . 2 8  

Cs.C.2 

64 .38  

2 . 2 3  -. . - -- 

17ASB122 

UB06433 

3 .27  

0 . 5 9  

1 1 . 7 9  

0 .02  

7 1 . 5 0  

2 . 1 3  

17R9B210 

UB06436 

2 .99  

0 .54  

1 4 . 1 3  

0 . 0 1  

7 5 . 6 9  

2 . 0 6  

-. - 

J4  

UJ4 

56  

115-1 

J 1  

J-1 - - - 
1 . 4 ~ .  

54.9; 

2 4 . 2 8  

2 4 . 4 1  

42 . -1  

0 . 1 1  

U 

JE 

J4  

U 

lJJ4 

54 

46 .82 

2 6 . 1 5  

1 Z 4 . 4 1  

- 4 2 . 7 1  

C.lG 

U 

5 6  

54 
U 

UJ4 

UJ4 

J 6  

54 

U -- 
!JJ4 

J4  

U 
5 6  

54 
U 
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J 4  

1 . 7 3  
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J1 
54 

54 

UJ4 
56  

UJ4 

J1 

54 

llASB21b 

W06437 

8 . 9 8  

0 . 6 5  

69 .06  

0 .02  

8 6 . 9 1  

4 .52  

1 .84  
122 .27  

78 .96  

30 .11  

52 .69  

0 .08  

l7ASB220 

0806438 

3.84 

0 . 6 9  

41 .78 

0 .02  

134.26 

6.82 
U 

5 6  

5 4  
U 

UJ4 
UJ4 

UJ4 

UJ4 

5 6  

UJ4 

J1 
54  

1 . 7 2  
7 .56  

6 .12  

2 8 . 0 8  

49.14 
0 .07  

U 

5 6  

54 
U 

UJ4 

UJ4 

l7ASB225 

0806439 

3 .58  

0 .64  
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0 .02  
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0 . 6 1  
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5 6  

UJ4 

J1 
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54 
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UJ4 

54 

UJ4 
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54 

J 1  
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54 
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11.98 
0 .55  

41.82 

0.02 
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1.46 
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UJ4 

56 
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36 
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~4 
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0 2 1  
31.58 

1 .55  

1.32 

' 45.44 

23.71 

21.51 

37.65 

0.05 

54 54 
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56 

54 

U 
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54 

17BSS1 

UB06463 

127.72 

0 .65  
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54 
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0.13 
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76.05 
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28.28 
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0.68 

27.08 

0.02 
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S e l e n i u m  

L e a d  
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37.53 

0.05 

UJ4 

UJ4 
56 

UJ4 

J1 
UJ4 

UJ4 
56  

54 

UJ4 

UJ4 

UJ4 

3.27 

0 .50  

2,354.26 

0.03 

224.22 
1 .76  

1 . 3 5  

27 .91  

10 .25  

21.97 
38 .45  

0 .13  

54 

UJ4 
56 

54 

J 1  

54 

U J 4  
36 

54 

UJ4 

U J 4  

54 

3.07 

0 .55  

14.23 

0.03 

175.46 

1.33 

1.47 

29 .45  

16.69 

24.05 

42.09 

0 .06  

UJ4 

UJ4 
56 

54 

J 1  

54 

UJ4 

56 

54 
UJ4 

UJ4 

UJ4 

2 .87  

L 52 

UJ4 

UJ4 

321.61 

0 .03  

178.16 

1.-11 
1 . 3 8  

2E.16 

13 .45  

22 .53  

30 .43  

5 .06  

56 

54 

J 1  

54 

UJ4 

56 

54 

UJ4 

yJ4 
J 1  



Field S q l e  Number -> 54SB3B 54SB4A 54SB4B 54SBSA 
.. .. . - . . -. . - - 54SBSB 54SB6A 545668 . -- - .- . - .- S4SB7A 54SB7B 54SBBA 

L.bAnalyrir N&er -> MO659s MO65 09 b06600 VB06601 M06602 UB06642 UB06643 M06644 M06645 Mob646 
~~ 

- - 

Page 7 
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Page 10 

Antimony 

T h a l l i u m  

l4ercury 

24.11 

42.19 

0.06 

UJ4 

UJ4 

UJ4 

28 .91  

5,2. 59 
L , ? 7  

LlJ4 

U J 4  

U J 4  

27.80 

48.65 

0 .07 

U J 4  

U J 4  

U J 4  
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Field S-10 Numbar -> 
lab~n;l l~s i~  Nu~hcu -> 

TOTAL PETR,2LELn.l HYDROCARBOIIS (ug/g) 

48SB4All 

W06567 

12.76 U 

48SB4B21 

UB06568 

12.09 U 

48SB5B37 

UBO 6573 

12.33 

48SB5A19 

UBO6572 

4,337.7: U 

48SS1 

W06558 

13.25 

48SS4 

UBO6561 

14.25 U 

48955 

W06562 

414.09 

48SS2 

UB06559 

12.27 

48953 

W06560 

11.60 U U 
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U 

4 8 m B 4 6  

UBO6586 

10.88 

Field Sanple Nmber -> 
L a b  Analysis Nmber -> 

TCTAL PETROLE'JM HYDROCARBONS (ug I g i 

48-832 

UC00029 

12.44 

48SS6 

UBO6563 

11.70 U U U 

48-2 

Uc00028 

12.15 L' 

48SS8 
-- 
UBO6564 
-. 

12.05 

48MWZA42 
.- 

UBO6585 

11.55 U I! U 

48MWlA22 

UBO6575 

12.72 

48t~IB54 

UBO6576 

13.53 



FimldS.apl.thmh.r->117~~1 I 1 1 7 ~ 8 2  I 1 1 7 ~ ~ ~ 3  I 1 1 7 ~ ~ 8 1  ( I I ~ C S B ~  I 1 1 7 ~ ~ ~ 2  1 117131182 1 140~84 I 1 4 8 ~ ~ 5  1 1541181 1 15411112 1 
Lab Analymim Ihuber ->(UB06434 1 IV806440 I IV806448 1 lV806460 1 1V806402 1 lUB06472 1 lV806409 1 1~806569 j lUB06574 1 IUB06608 1 )UB06609 1 

PH 1 7.461 1 7.OEI 1 7.631 1 8.081 1 4 5  1 7.19) 1 7.621 1 4.791 1 5.311 1 7.001 1 6.921 

Page 1 



~i.ids.mpi.1hub.~->I17~~1 1 1 1 7 ~ ~ 2  ( ( 1 7 ~ ~ 3  1 J I ~ C S B I  1 1licse.i ( ( 1 7 c m 2  1 llrnwa I 1tese.c ] ltsres I lstssi I lstssa I 
Lab Analysim Ihub-r ->)11806434 1 I11806660 1 ( ~ 8 0 6 6 6 8  1 111806468 1 /LIB06682 1 1 ~ 8 0 6 6 7 2  1 1 ~ ~ 0 6 4 8 9  ( I n 0 6 5 6 9  / IVB06574 I (11806608 ( 111806609 I 

+PH 1 7.461 1 7 .  1 7.631 1 8.081 1 7 . 4 5 )  1 7.191 1 7.621 1 4.751 1 5 .311  1 7.001 1 6.921 

Page 1 
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Field Sample Number -> N R S W l  NRSW2 ~ ~ s d h e e f l  NRSW5 NRSW6 NRSW8 
-. - - - -- . 

NRSW4 - 

Lab Analysis Number - > U C 0 2 3 8 1  UC02382  UC02383  UC02481  UC02272 UC02482 UC02273 

Volatile Organics (ug/L) 
~-.. - -~ -, .- 

1, 1,l-Tri,zhl~z,roethane 1 U 1 U 1 1.1 1 U 
- .- 

1 u 1 u 1 u 
1,1,2-Trichlcroethane 1 U 1 U 1 U 1 U 1 U 1 U 1 U 

1,l-Dichlorocthene 1 U 1 U 1 11 1 U 1 U 1 U 1 U 

1,1-Dichlor,?ethanc 1 U 1 U 1 Sr 1 U 1 U 1 U 1 U 
-- 

*1,2-D1cHLC;ROETHYLEbIES (Total) 5 U 5 U 5 I! 5 U 5 U 5 U 5 U 
..- -~ 

1,2-Dichlcrcsthane 1 U 1 U 1 U 1 U 1 U 1 U 1 U 

2 -BUTANONE 1 0  U 10 U 10 U 1 0  U 10 U 10 U 10 U 

4-METHYL-2-PENTNONE 1 . 4  U 1.4 U 1.3 U 1 . 4  U 1.4 U 1.4 U 1.4 U 

1,1,2,2-Tetrazhloroethane 

Tetrachlc.rcethene 

Trichloroethcne 

XYLENES , TOTAL 

1.5  

1 

1 

2 

U 

U 

U 

U J 8  

1.5 
1 

1 

2 

U 

U 

U 

UJ8 

1.5 

1 

1 

2 

U 

1' 

U 
UJ8 

1.5 

1 

1 

2 

U 

U 

U 

U J 8  

1.5 

1 

1 

2 

U 

U 

U 

UJ8 

1.5 

1 

1 

2 

U 

U 

U 

U 

1.5 

1 
1 

2 

U 

U 

U 

UJ8 







3-Nitrophenol 

Anthracene 

Eis (2-chloroethoxy) methane 

B i s  (i-chloroisopropyl) ether 

Bis (2-chloroethyl) ether 

sv2wdv.xls Page 1 

96 

5 . 2  

6 . 8  

5  

0 . 6 8  

U 

U 

U 

U 

U 

9 6  

5 . 2  

5.8  

5 

0 .58  

u 
11 

U 

U 

U 

9 6  - 

5.2 

5 . 8  

5 

i l . 68  

U  

U 

U 

U  

U  

96  

5 . 2  

6 . 8  

5  

0 . 6 8  

U 

U 

U 

U 

U 

9 6  

5.2 

6 . 8  

5 

0 . 6 8  

U J 7  

U J 7  

U J 7  

U J 7  

U J 7  

96  

5.2 

6 . 8  

5 

0 . 6 8  

U  

U  

U  

U 

U 

96  

5.2 

6 . 8  

5 

0 . 6 8  

U J 7  

U J 7  

U J 7  

U J 7  

U J 7  
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Pentachlcrophenol 

Phenanthrene 

Phenol 

Pyrene 

9.1 

9.9 

2.2 

17 

U 

U 

U 

U 

0 . 1  

9.9 

2 . 2  

17 

U  

U 

U 

11 

9 . 1  

4 . 9  

2 . 2  

1 7  

U 
... 

U 

U 

U 

9.1 

9.9 

2.2 

17 

U 

0 

U 

U 

9 . 1  

0 . 0  

2 . 2  

1 7  

UJ7 

UJ7 

UJ7 

UJ7 

9 . 1  

9 . 9  

2 . 2  

1 7  

U  

U 

U 

U 

9 . 1  

9 . 9  

2 . 2  

1 7  

UJ7 

UJ7 

UJ7 

UJ7 



I Samivulatilr Oraanics (ua/L) I I I I I 

Field Sample  umber -> 
Lab Analysis Number -> 

14 -EhOI4OPHENYLPHENYL ETHER I 2 2 1 ~ 5 7  1 2 2 1 ~ ~ 7  I 

NRSEEQ 

VC02264 

l~enzcla l anthracene I 9 .8 lUJ7  1 9 . 8 h ~ 7  I 

UC02265 

Pis (2-chlcroethoxy) methane 

Bis ti-chloroisopropyl) ether 

Bis (2-chloroethyl) ether 

Bis(2-ethvlhexvl) ohthalate 

l~enzol kl fluoranthene . I 1 0 1 ~ ~ 7  I 1 0 1 ~ ~ 7  I 

5 . 8  

5 

0 . 6 8  

7 . 7  

Benzc[alpyrene 

Ben;o[b]fluoranthene 

But.;lbenzvl ohthalate 

Hexachlorobenzene 

Hexachloroc~clopentadiene 

UJ7 

UJ7 

UJ7 

UJ7 

14 

1 0  

28 

Ithi-n-butvl ohthalate I 3 3 1 ~ 5 7  1 3 3 1 ~ ~ 7  1 

Diethyl phthalate 

 ID^-n-octvl ohthalate I 1 . 5 1 ~ ~ 7  I 1 . 5 1 ~ ~ 7  I 

€ .  E 

5 

(1. € 8  

7 .  7  

UJ7 

UJ7 

UJ7 

Sheet1 

Page 3 

UJ7 

UJ7 

UJ7 

L l J i  

5 . G  

1 4  

1 0  

2 8  

Cimethyl phthalate 

1.lJi 

UJ7 

UJ7 

UJ7 

2 . 2 1 ~ ~ 7  I 2 . 2  IUJ7 

5 . 9  UJ7 
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2,6-Dinitrctoluene 0.6 U Cl . E !I 0.6 U 0.6 U 0.6 U 0.6 U 
Cyclotetrarnethylenetetranitrarnine 0.533 U 0.533 11 (2.533 U fi.533 U 0.533 U 0.533 U 0.533 U 

Cyclonit~ (RON) Cv.416 U 0.415, C1.416 U (1.416 U U 0.416 U 0.416 U 0.416 U 

TETRYL 0.631 U 0.631 U 0.631 U 0.631 U 0.631 U 0.631 U 0.631 U 

Page I 
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:, 6-Din i  t r o t o l u e n e  
.- 

,-. - y c l o t e t r a m e t h y l e n e t e t r a n i t r a m i n e  . 

'C3-clc,ni te  (RDX) 
TETRYL 

0 . 6  

4 . 6 3  

0 . 4 1 6  

0 . 6 3 1  

U 

UJ8 

U 

C1.6 

3 . 1 ~  

0 . 4 1 6  

0 . 6 3 1  

U 

J ~ O  

U 

U 

0 . 6  

0 . 5 3 3  

0 . 4 1 6  

0 . 6 3 1  

U 

U 

U 

U 

0 . 6  

0 . 5 3 3  

0 . 4 1 6  

*:I. 631  

U 

U 

U 

11 

0 . 6  

0 . 5 3 3  

0 . 4 1 6  

0 . 6 3 1  

U 
U 
U 
U 

0 . 6  

0 .533  

0 . 4 1 6  

0 . 6 3 1  

U  

U 

U 

U  
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I Field Sample Number ->I 31MW3 I 
Lab Analysis Number -> UC02217 UC02219 UC02306 

- 

- 

A n t  imcin;- 60 U 60 U 60 U 
Thallium 1251~ 1 2 5 1 ~  I 1251~ 

48W4 NRSEEQ NRSWFB 

UC02480 1 I UC02264 I 1 VC02265 1 

Page 3 
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- - -  

Thallium 1 2 5 1 ~  1 2 5 1 ~  1 2 5 1 ~  1 2 5 ) ~  I 

Page 1 
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Lead 
Selenium 
Silver 
Barium 1 
Beryllium 
C a d m i  um 
Ch r omi um 
Nickel 
.ant imonl; 
Thallium 

4 . 4 7  
2.53 

0.333 

264 
3.98 - 
6.78 
16.8 

32.1 
60 

125 

U 
U 
U 

U 
U 
U 

U 

U 

J,J7 
5 .4  

9.333 

i' 4.47 U 

U 

U 
. - 

l_i 

19.7 - 
1.12 

2.53 
0.333 

24.7 
1.86 

27 

1.63 
-- 

4 . 4 7  -- 
2.51 
0.333 

- U 

E.7e - 

16.8 
35.1 

G r  

125 

1.1 

V 

?I 

6.78 
16.8 
32.1 
60 
125 

69.7 
4.05 

LI 
C' 

Y 

L' 

4,47 

2.53 
0.333 

U 
U 

U 
U 

U 

816 

2.69 

6.78 
16.8 

32.1 
60 

125 

U 
U 

U 

6.78 
16.8 
32.1 
60 

125 

69.8 
1.12 

U 

U 

U 
CT 

U 

4.47 

2.53 
0.333 

U 

U 

U 

U 

U 

U 

6.7E 
16.2 
32.1 
69 

125 

U 
U 
U 

6.78 
16.8 
32.1 
60 

125 

IJ 

V 

1) 

TJ 

U 

U 

U 

U 

U 

U 

4.47 

2.53 

0.333 

U 

U 

U 
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Sheet1 

60 (U Fntimcny 60 1U 

Thallium 1 2 5 1 ~  125  [ U  
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Field Sarnple Number -> 
Lab Analysis Number -> 

*TOTAL ORGANIC CARBON ( u g / L )  
Chloride (uglL) 

NRSWl 

UC02381 

2 1 8 0  

3740 

W W 2  

UC02382 

2 3 2 0  

3600 

NRSW3 

UC02383 

2080  

3660 

NRSW4 

UC02401 

1 9 6 0  

3800 

NRSWS 

UC02272 

1 8 1 0  

3870 

NRSW6 

UC02402 

2 3 1 0  

3960 

54MW1 

UC02223 

1 1 7 0  



Page 2 

Field Sample Number -> 
Lab Analysis Number -> 

+TOTAL ORGANIC CARBON ( u g / L )  

Chloride (ug/L) 

54MW2 

UC02271 

1 0 0 0  UJ7 

5 4MW3 

VC02270 

1 0 0 0  

NRSWe 

UC02273 

1 8 7 0  

3840 

NRSEEQ 

UC02264 

lOD0 U J 7  J 7  

J7 
U 

NRSWFB 

UC02265 

1 0 0 0  

278 
U U  

U 

5 4MWEQ 

UC02266 

1 0 0 0  



Page 1 

5 4MWl 

UC02223 

10 .8  

F i e l d  S u n p l e  Number 
- 

Lab  A n a l y s i s  Number 

+TOTAL ORGANIC HALOGENS ( I J ~ : L )  

->NRSWl 

- > U C 0 2 3 8 1  

1 0  
-- 

U 

NRSW2 

UC02382  
- 

10 

NRSW3 

UC02383  

113 U 

-- 

I! 

NRWS 4 

UC02-62 

10 

lNRSw5 

UC02272  
1 

U 1 1 0  U 

NRSW6 

UC02482 

1 0  U 



Page 2 

-- 
Field Sample N u m b e r  -> 
Lab Analysis N u m b e r  -> 

+TCT.hL CRSAbIIC HALOGENS ( u g i L )  U 

54MW2 

UC02271 
- 

13 

NRSWFB 

UC02265 

10 57 U 

5 4MW3 

UC02270  

10 

5-Q 

UC02266  

10 U UJ7 

NRSW0 

UC02273 

10 UJ7 

NRSEEQ 

UC02264 

10 



Page 1 

Field Sample Number -> 
Lab Analysis Number -> 

+TOTAL HARDNESS ( u g / L )  

NRSWl 

UC02381 

42700 

NRSW2 

UC02382  

42800 

NRSW3 ------ 
UC02383 

43200 

NRSW4 

UC02481 

44600 

NRSW5 

UC02272 

47800 

NRSW6 

UC02482  

51300 

NRSW8 

UC02273 

47700 

NRSWFB 

UC02265 

818 U 



. Page 1 

Tetrachlorcethylene 
Trichlcroethylene 

XYLEPIES, TOTAL 

0 . 3 3  

C.38 

1 . 6 2  

U 

L' 

UJ8 

0 .30  

0 . 1 3  

1 .35  

U 

U 

UJ8 

0 .25  
C.36 

1 .24  

U 
- 

U 

L'JE 

0 . 2 7  

0 . 3 8  

1 . 3 0  

U 

U 

U J B  

0 . 1 8  

0 . 2 6  

0 .87  

U 

U 

UJ8 

0 . 2 1  

0 . 3 0  

1.C1 

U 

U 

UJ8 

0 .22  
0 .32  

1 . 0 7  

U 

U 

UJ8 

0 .24  
0 . 3 5  

1 . 1 9  

U 

U 

U 

0 .22  

0 . 3 1  

1 .07  

U 
U 

UJ8 
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Sheet 1 
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Sheet 1 
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Field Sample Number -> 
Lab Analysis Number 

Metals (ug/g) 

A r s e n i c  

S e l s n i u m  

Lead 

S i l v e r  

Barium -- 
B e r y l l i u m  -. 

Cadmium 
.- 

Chrmiurn  

N icke l  

Antimcn;' 

U 

J1 

J 4  

J1 

BGlCUC8 

->UC02309 

6.96 

0.54 

15 .25  

0 . ~ 1 ~  

73.00  

2.92 

1.451U 

57.26  

36.32 

23 .73  
T h a l l i u m  41 .53  Ci -10.54 
Mercury  0.23 0.17 

BG2BUC5 

UC02310 

1 1 . 6 1  

0 .53  

27 .90  

0 . 0 1  

31 .44  

0 . 9 5  - 

U 

J l  

U 
-- 

43.75 

0 . 1 5  

U 

J1 
U 

J 1  

1 .42  

51.54 

1 3 . 3 6  

23 .17  

BG2CUCl1 

UC02311 

9.64 

0 . 5  7 

2C'.':13 

0  . 0 2  

85.25  

3 . 3 3  
- . 

U 

J 1  

U 
U 
.- U 

U 

1 . 5 3  

47 .96  

3E.01 

2  5 . #:I (:I 

41.18 

0 . 0 6  

11 

J 1  

1.1 

J 1  
.-- 

. . . . - - 

U 

J1 

J1 

BG3BUC3 

UC02355 

14.41 

0.54 

228.09  

0 .05  

286.92 

1 . 8 1  

I! 
. .--- 

dl 

1.1 

U 

U 

1 . 4 4  

58 .10  

2 2 . 8 1  

23 .53  

BG3CUC22 
-. 

UC02356 

2.74 

1:' . 4 4  

11.E2 
t: . (1, 1 

1,:- 9~~ -- 
0. ?2 

1 . 3 1  

31 .29  

1 6 . 1 9  

21.44 
p~ 

U 

U 

41 .73  

0 .06  

37 -3 
0 . 1:' 5 

I! 

11 

42 .66  

0 .06  

-- 

.- 

I! 

IJ 

J l  
I? 

,ll - 

U 

J1 

U 

J1 

BG4BUC5 

UCO2357 

4.34 

0 .55  

20.44 

0 .02  

244.53  

1 .46  

11 

-. 

!I 

U 

U 
U 

U 

1 . 4 6  

55 .96  

25 .30  

23.84 

BG4CUC17 

UC02358 

3 . 1 1  

0 .56  

18 .03  

0.02 

205.22 

1 .58  

1 . 4 9  

50.12 

28 .36  

24.38 
36 .18  

0 . 0 5  

U 

U 

J1 

U 

J1 

U  

U 

U 

U 

EG5BUC3 

UC02312 

2.64 

0 .47  

5 .20  

0 . 0 1  

36 .18  

0 .45  

U 

U 

J1 

U 

J1 

U 

1 . 2 7  

30 .70  

5 .15  

20 .68  

U 

J1 

U 
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Antimcny 

Thallium 

I-lersury 

2 3 . 8 2  

4 1 . 6 8  

0 . 0 6  

U 
U 
U 

2 4 . 1 7  

4 2 . 2 9  

0 . 0 6  

U 
U 
U 

22.137 

3 8 . 5 3  

C1.06 

U 
U 
U 

23.A7 

41.7Ei 

12.06 

U 
U 
U 

2 3 . 4 7  

4 1 . 0 8  

C . 1 9  

U 
U 

2 3 . 7 0  

4 1 . 4 8  

0 .06  

U 

U 
U 
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Fidd S-le Nunber -> 
Lab Analysis Umber -> 

-- 

other Parzumterr (ug/g) 

Extractable Organic Halldes (total) 

*TOTAL O h c J ~ t J I C  C>.RBON 

BQlBBL4 
-- - 

UC02324 

4,245.C.Q 

-- - -- 

1 

BO4BBLD 

UC02370 

14,610.80 

BO4CUC17 

UC02358 

1.666.67 

BQlBUC3 
. 

UC02308 

- 

1,245.88 

- 

1 

U 

BOlCBLlO --- 
UC0232.5 

-- 

- - 
1,2~3.9? 

-- 

U 

BQ2CBL17 

UC02327 

1,275.51 U 

BQ3CWL2 2 

UC02333 

1,203.3' 

. - 

- 

11 

BQ4BBL5 

UC02361 

2,250.30 
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February 19, 1997 

Alliant Techsystems Inc. 
Radford Army Ammun~tion Plant 
Route 114 
P.O. Box 1 
Radford, VA 24141-0100 

Ll. S .  En~ironmental Protection Agency 
Region 111 
84 1 Chestnut Building 
Philadelphia, P.4 19 109-443 1 

Attention: hIs. M a n  Beck, 3HW90 

Re: Radford A m y  Ammunition Plant. Sub;-.[ttal of revised Appendix H of the Draft RCRA 
Facility Investigation Report 

Enclosed are three copies. with signed certifica. .Jn. of the revised Appendix H, Summary 
Statistics for Background Distributions, of the 1 raft RCRA Facility investigation (RGFI) report 
for Solid Waste management Units 17, 3 1, 48, ; ~d 54, Radford Army .4mmunition Plant. A 
preliminary copy was delivered to you Thursda February 20, 1997 

The certification statement is Attachment 1 .  Th revisions to  Appendix H are based on the review 
comments from the USEP.4 and discussed in a t iephone conversation between Parsons ES, 
U S X C  and USEPA on June 18, 1996. A cop;. 3f these comments and the responses are 
included as Attachment 2. Attachment 3 includ s a brief explanation of the changes that were 
made and all of the pages of Appendix H that w :re affected by this revision. Attachment 4 
includes the revised version of Appendix H. PI<. 2se entirely replace Appendix H in Volume 11 of 
WI Report for Solid Waste management Units ' 7, 3 1, 48, and 54 with Attachment 4. 

The certified copies of  this submittal will be dei ;ered to you Friday, February 21, 1997. AEC is 
currently reviewing the Draft RFT Report for Sc id Waste Management Units 17, 3 1, 45, and 54 
to determine which sections will be affected by le revision to  Appendix H. 

Sincerely: 

Environmental Affairs Supervisor 

JJRedder:V:\S 15-063 
Enclosures 
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c: Robert Thomson, P.E., EPA Region 111 (2) 
8.1 1 Chestnut Building 
Philadelphia, PA 19 109443 1 

Leslie Romanchik 
Virginia Department of Environmental Quality 
Waste Division 
P. 0. Box 10009 
Richmond, VA 23240-0009 

Devlin Hams 
Virginia Department of Environmental Quality 
P. 0. Box 10009 
Rchrnond, VA 23240-0009 

Rob Davie, w/o enclosures 
A m y  Environmental Center 
Installation Restoration Division 
Bldg. EM80 
Aberdeen P.G., hiDD 210 10-5401 

John Segna w/o enclosures 
~arsons~ngineer in~ Science 
10 52 1 Rosehaven Street 
Fairfax, VA 22030 

Coordination: 92% + _  

R. L. Richardson 

c: Administrative Fie 
R L. Richardson- ACO St& 
S. J. Barker-ACO Staff 
C. A. Jake 
J. J. Redder 
Env. File 



ATTACHMENT 1 

CERTIFICATION 



Concerning the following documents, submitted, February 20, 1997: 

1. EPA comments dated April 22, 1996 and Parsons Engineering Science, Inc. resporsej 
2. Revisions made to Appendix H 
3 .  Revised Appendix H of the Draft RCRA Facility Investigation Report for Solid Waste 

Management Units 17, 3 1,48, and 54. 

I certify under penalty of law that this document and all attachments were prepared under ny 
direction or supervision in accordance with a system designed to assure that qualified persoace! 
properly gather and evaluate the information submitted. Based on my inquiry of the person c r  
persons who manage the system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and belief, true, aczclrat:, 
and complete. I ani aware that there are sipificant penalties for submitting false infomaticn: 
including the possibility of fines and imprisonment for knowing violations. 

\> 
SIGNATURE: \ - q- -uz- 
PRINTED NAME: Paul Wojciechowski 
TITLE: LTC, CM, Commanding 
Radford AAP 

SIGNATURE: 
PRINTED NA%: Ken ~ o f ~ h  
TITLE: Resident Manager 
Alliant Techsystems Lnc. 



ATTACHMENT 2 

USEPA COMMENTS DATED APRIL 22,1996 

AND 

PARSONS ENGINEERING SCIENCE, INC. RESPONSES 



RESPONSE TO USEPA REGION I11 

USEPA comments on the Dra3 RCRA Facility Investigation Report for Solid Waste 
Management Units 17, 31, 48 and 54 Radford Army Ammunition Plant, Radford, Virginia, 
Parsons Engineering Science, Inc., January 1996. 

Part I. Response to Draft Comments on RAAP Plan for Establishing Background Soil 
Concentrations and for Evaluating SWMU Data Against Background, by James R. Brown, U.S. 
EPA, Office of Solid Waste (5303W). These comments were responded to on June 18, 1996 in 
a conference call involving Jim Brown (U.S. EPA), Mary Beck (U.S. EPA), Rob Davie (U.S. 
AEC), John Segna (Parsons ES), and Tim Schmitt (Parsons ES). 

Comment 2a: 

Response: 

Comment 2b; 

Response: 

ment 2c: 

Response: 

Arsenic Soil C Shapiro-Wilk test-The wrong coefficients are 
used. The sample sue is 8, so the following coefficients (a(,. 
i+l,) should be used: 0.6052,0.3164,0.1743,0.0561. 

Concur. The wrong coefficients were used for the SWMU 17a 
and SWMU 17bcd arsenic soil horizon C Shapiro-Wilk tests. 
The analysis was performed again using the corrects coefficients. 
However, the results of the test did not change. 

For all Shapiro-Wilk test results, passing the test at the 1% 
significance level would suffice (Parsons Engineering used 
5%). This allows more of the data sets to pass the test on the 
original scale, and therefore obviates the need for data 
transformations in many cases. 

Parsons ES used the more conservative 5% significance level and 
it does not appear useful to change the significance level of the 
Shapiro Wilk test now. Parsons ES believes that the transformed 
data more accurately represents the natural distribution of metals 
in soil, which are typically assumed to be lognormally 
distributed. 

Chromium Soil &-An incorrect interpretation is made for 
the Shapiro Wilk normality test. The calculated W exceeds 
the critical W, so the correct conclusion should be that the 
lognormally transformed data meet the assumption of 
normality (Parsons Engineering declares incorrectly that the 
lognormally transformed data do not meet the assumption of 
normality). The same incorrect conclusions were given for 
Lead horizon B. 

Concur. Parsons ES incorrectly interpreted the Shapiro- Wilk test 
results for SWMU 17a and 17bcd for chromium and for lead in 
soil horizon B. These corrections have been made, but the 
corrections did not effect the results of the tolerance limit 
comparisons. 



Response: 

Comment 3: 

Response: 

The Normal Tolerance limits are incorrect. Parsons 
Engineering did not seem to multiply the tolerance factor (K) 
by the standard deviation. I observed this in the data set that 
I checked (Barium horizon b: which calculated the upper 
tolerance limit by adding to the mean the kappa factor 
without first multiplying the kappa factor by the standard 
deviation). I t  appears as though all other normal tolerance 
limits were calculated the same way. The poisson based 
tolerance limit calculations appear to be correct. 

Concur. The normal tolerance limits were recalculated using the 
correct formula. The results remain the same for all analyses 
with the exception that there are no longer exceedances for 
barium or lead in SWMU 17a, soil horizon B. 

The tail area probability "tests" provided for the sediments 
data are not very revealing. What criteria are used to 
evaluate samples? Was the Shapiro-Wilk test used to 
determine whether the normal o r  lognormal tail area 
probabilities would be calculated? 

Concur. Parsons ES chose the tail area probability comparison as 
a crude estimate of differences between sediment metals SWMU 
samples vs. background based on the limited number of 
background and SWMU sediment metals samples to be collected. 



ATTACHMENT 3 

REVISIONS MADE TO APPENDIX H 



ATTACHMENT 3 

Appendix H was reevaluated based on the comments from the USEPA included as Attachment 2. 
The changes that were required based on these comments are included in this Attachment, and 
s q a r i z e d  below. 

The Shapiro-Wilk Goodness of Fit Test was recalculated for one distribution. 
The Shapiro-Wilk Goodness of Fit Test was re-interpreted for two distributions regarding 
their fit to normal and lognormal distributions. 
A Table "Summary of Tolerance Limits" has been added to Appendix H. 
Thirty two (32) upper tolerance limits were recalculated for various constituents at each of 
the SWMUs. The upper tolerance limit was recalculated for all of the constituents listed on 
the Summary of Tolerance Limits Table which have a "normal" tolerance limit type. 
The revised calculations of the upper tolerance limits are shown on individual sheets. These 
sheets also show the reevaluation of the site data based on the revised tolerance limits. 



Arsenic Soil C 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1 .  Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to NJ2. Enter in cell 
4. Look up coefieicents from table A- l in EPA Statistical Course for G W Monitoring. 
Put into column a(n-i+ I). 
5 .  Sum the values in column b(i) and enter in cell 
6 .  Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.6510165 
N =  8 
K =  4 
b = 2.0315191 
W =  1.391 1045 
Critical W = 0.748 
Result = Lognormally transfoned data meets assumption of normality 



Chromium soil B 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples fiom smallest to largest in column x(i) 
2. Order samples fiom largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to N/2. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6 .  Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is' non-normal. Transform and re-test. 

std dev = 0.2 17995 
N = 8 
K = 4 
b = 0.557392 1 
W =  0.9339647 
Critical W = 0.818 
Result = Lognormally transformed data meets assumption of normality 



Lead horizon B 

SHAPIRO-WTLK GOODNESS OF FIT TEST 

I .  Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to Nl2. Enter in cell 
4. Look up coeffieicents from table A-1 in €PA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7 .  Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 1.0448547 
N =  8 
K = 4 
b = 2.5425256 
W =  0.8459035 
Critical W = 0.818 
Result = Lognormally transformed data meets assumption of normality 



SUMMARY OF TOLERANCE LIMITS 
RADFORD ARMY AMMUNITION PLANT 

SWMU 17A B 
SWMU 17A B 
SWMU17A B 
SWMU 17A B 
SWMU 17A B 
SWMU17A B 
SWMU 17A B 
SWMU17A B 
SWMU17A B 
SWMU 17A B 
SWMU17A B Thallium 33.5 Poisson 
SWMU 17A C Antimony 21.5 Poisson 
SWMU 17A C Arseruc 11.5 Poisson 
SWMU 17A C 
SWMU17A C 
SWMU17A C 
SWMU 17A C Chromium 5 0  Normal 
SWMU17A C 
SWMU17A C 
SWMU17A C 
SWMU17A C 
SWMU 17A C 
SWMU 17A C Thallium 33.5 Poisson 
SWMU 17BCD B 21.0 Poisson 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B Lead 8.7 Normal No 
SWMU 17BCD B Mercury 1.5 Poisson No 
SWMU 17BCD B Nickel 6.0 Normal No 
SWMU 17BCD B Selenium 2.5 Poisson No 
SWMU 17BCD B Silver 1.5 Poisson No 
SWMU 17BCD B Thallium 33.5 Poisson No 
SWMU 17BCD C Antimony 21.5 Poisson No 
SWMU 17BCD C Arseruc 11.5 Poisson No 
SWMU 17BCD C Barium 6.9 Normal NO 
SWMU 17BCD C Beryllium 2.3 Normal Yes 
SWMU 17BCD C Cadmlum 3.5 Poisson Yes 
SWMU 17BCD C Chromium 5.0 Normal No 
SWMU 17BCD C Lead 4.2 Normal Yes 
SWMU 17BCD C Mercury 1.5 Poisson No 
SWMU 17BCD C Nickel 5 4 N o d  No 
SWMU 17BCD C Seleruum 2.5 Poisson No 
SWMU 17BCD C Silver 1.5 Poisson No 
SWMU 17BCD C Thallium 33 5 Poisson No 



SUMMARY OF TOLERANCE LIMITS 
RADFORD ARMY -ON PLANT 

3 1.5 Po~sson 
20.5 Poisson 

32.0 Poisson 
20.5 Poisson 

SWMU 54 C Lead 4.1 N o d  Yes 
SWMU 54 C Mercwy 2.0 Poisson No 
SWMU 54 C Nickel 4.3 N o d  No 
SWMU 54 C Selenium 2.5 Poisson No 
SWMU 54 C Silver 1 .S Poisson No 
SWMU54 C Thallium 3 1.5 Poisson No 



Barium horizon B 

Normal Tolerance Limit (K) Calculation for Barium soil horizon B, SWMU 17A 

K =average+ t((N- I ),alpha)*SQRT(l+(lM)) average 4.39 
Where std. dev. 0.83 
t =  Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 6.39995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17ASB105 8.54 9.7019594 5128.21 16349.6 1 No 
17ASB205 4.16 9.7019594 64.38 16349.61 No 
17ASB305 4.27 9.7019594 71.26 16349.6 1 No 



Barium horizon C 

Normal Tolerance Limit (K) Calculation for Barium soil horizon C 

K =average+ t((N- 1 ),alpha)*SQRT(I+(IM)) average 4.51 
Where std. dev. 0.37 
t = Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 6.5 19951 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17ASB110 4.15 6.9223819 63.12 1014.7341 No 



Beryllium horizon C 

Normal Tolerance Limit (K) Calculation for Beryllium soil horizon C, SWMU 17A 

K =average+ t((N- 1 ),alpha)*SQRT( 1 +(IN)) average 0.7 
Where std. dev. 0.59 
t =  Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 2.70995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
I7ASBI I0 0.80 2.298871 1 2.22 9.962929 No 
17ASB210 0.72 2.298871 1 2.06 9.962929 No 
17ASB3 10 2.00 2.298871 1 7.39 9.962929 No 
17ASB115 0.75 2.298871 1 2.1 1 9.962929 No 
17ASB2 15 1.51 2.298871 1 4.52 9.962929 No 
17ASB3 15 0.79 2.29887 1 1 2.20 9.962929 No 
17ASB120 0.57 2.298871 1 1.77 9.962929 No 
17ASB220 1.92 2.298871 1 6.82 9.962929 No 
17ASB320 -0.56 2.298871 1 0.57 9.962929 NO 
17ASB122 0.76 2.298871 1 2.13 9.962929 No 
17ASB225 -1 .I7 2.298871 1 0.3 1 9.962929 NO 
17ASB325 -0.26 2.298871 1 0.77 9.962929 NO 
17ASB340 0.44 2.298871 1 1.55 9.962929 No 



Chromium soil B 

Normal Tolerance Limit (K) Calculation for Chromium soil horizon B, SWMU 17A 

K =average+ t((N- 1 ),alpha)* SQRT(1 +(IN)) average 3.82 
Where std. dev. 0.22 
t =  Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 5.82995 1 

FSarnpNo LN Value LN Limit Value Limit Limit Exceeded? 
I7ASBIOS 7.63 5.1025892 205 1.28 164.447 15 Yes 
17ASB205 3.85 5.1025892 46.82 164.44715 No 
17ASB305 3.98 5.1025892 53.71 164.44715 No 



Chromium soil C 

Normal Tolerance Limit (K) Calculation for Chromium soil horizon C, SWMU 17A 

K =average+ t((N- l),alpha)'SQRT(l +(I M)) average 3.83 
Where std. dev. 0.2 
t = Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 5.83995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17ASB 1 10 4.02 4.9979902 55.51 148.11518 No 



Lead horizon B 

Normal Tolerance Limit (K) Calculation for Lead soil horizon B, SWMU 17A 

K =average+ t((N- l ),alpha)* SQRT( 1 +( 1 /N)) average 3.24 
Where std. dev. 1.04 
t =  Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 5.24995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17ASB105 8.57 8.6999491 5256.41 6002.6065 No 
17ASB205 3.27 8.6999491 26.28 6002.6065 No 
17ASB305 3.30 8.699949 1 27.08 6002.6065 No 



Lead horizon C 

Normal Tolerance Limit (K) Calculation for Lead soil horizon C, SWMU 17A 

K =average+ t((N- l),alpha)*SQRT(I +(IN)) average 2.71 

Where std. dev. 0.3 1 
t =  Critical value of Student's t distribution t 1.895 

N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 4.7 1995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 

17ASB I 10 4.62 4.173 1848 101.39 64.921 888 Yes 
No 
No 
No 
Yes 
No 
Yes 
No 
No 
No 
Yes 
No 
No 



Nickel horizon B 

Normal Tolerance Limit (K) Calculation for Nickel soil horizon B, SWMU 17A 

K =average+ t((N-l),alpha)*SQRT(l +(IN)) average 2.97 
Where std. dev. 0.61 
t = Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 4.979951 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17ASB 105 6.8 1 6.007770 1 902.56 406.5757 Yes 
17ASB205 3.26 6.0077701 26.15 406.5757 No 
17ASB305 3.55 6.007770 1 34.64 406.5757 No 



Nickel horizon C 

Normal Tolerance Limit (K) Calculation for Nickel soil horizon C, SWMU 17A 

K =average+ t(W- 1 ),alpha)*SQRT( I +(IN)) average 3.24 
Where std. dev. 0.42 
t = Critical value of Student's t distribution t 1.895 
N = Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 5.24995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 

17ASB110 3.2 1 5.4449794 24.84 231.59252 No 



Barium horizon B 

Normal Tolerance Limit (K) Calculation for Barium soil horizon B, SWMU 17BCD 

K =average+ t((N- 1 ),alpha)*SQRT( I+( IN))  average 4.39 
Where std. dev. 0.83 
t = Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 6.39995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17CSB105 3.38 9.7019594 29.40 16349.6 1 No 
17CSB205 3.60 9.70 19594 36.74 16349.61 No 
17DSB 105 4.23 9.70 19594 68.93 16349.61 No 
17DSB205 4.19 9.7019594 65.89 16349.61 No 



Barium horizon C 

Normal Tolerance Limit (K) Calculation for Barium soil horizon C, SWMU I7BCD 

K =average+ t((N- l),alpha)*SQRT(I +(I M)) average 4.5 1 
Where std. dev. 0.37 
t = Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 6.519951 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 

17CSB110 4.36 6.9223819 78.55 1014.7341 No 



Beryllium horizon C 

Normal Tolerance Limit (K) Calculation for Beryllium soil horizon C, SWMU 17BCD 

K =average+ t((N-l),alpha)*SQRT(l+(lM)) average 0.70 
Where std. dev. 0.59 
t =  Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 2.70995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17CSBllO 1.65 2.29887 1 1 5.19 9.962929 No 
17CSB2 10 1.75 2.29887 1 1 5.77 9.962929 No 
17DSB I10 0.70 2.298871 1 2.02 9.962929 No 
17DSB210 0.91 2.298871 1 2.48 9.962929 No 
17CSB114 1.28 2.298871 1 3.61 9.962929 No 
17CSB2 15 0.92 2.298871 1 2.52 9.962929 No 
17DSB115 1.16 2.29887 1 1 3.21 9.962929 No 
17DSB2 15 2.06 2.29887 1 1 7.88 9.962929 No 
17DSB 120 1.1 1 2.29887 1 1 3.04 9.962929 No 
17DSB220 1.70 2.29887 1 1 5.48 9.962929 No 
17DSB 125 1.56 2.29887 1 1 4.77 9.962929 No 
17DSB225 2.47 2.298871 1 11.84 9.962929 Yes 
17DSB 127 1.77 2.298871 1 5.89 9.962929 No 
17CSB240 1.83 2.298871 1 6.2 1 9.962929 No 
17DSB240 0.80 2.29887 1 1 2.23 9.962929 No 



Chromium horizon B 

Normal Tolerance Limit (K) Calculation for Chromium soil horizon B, SWMU 17BCD 

K =average+ t((N- l),alpha)*SQRT( 1 +(IN))  average 3.82 
Where std. dev. 0.22 
t = Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here. 0.05) K 5.82995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17CSB105 4.13 5.1025892 6 1.87 164.447 15 No 
17CSB205 3.52 5.1025892 33.62 164.44715 No 
17DSB105 3.40 5.1025892 29.92 164.44715 No 
17DSB205 3.44 5.1025892 31.28 164.44715 No 



Chromium horizon C 

Normal Tolerance Limit (K) Calculation for Chromium soil horizon C, SWMU 17A 

K =average+ t((N- l ),alpha)*SQRT(I +(I M)) average 3.83 
Where std. dev. 0.2 
t =  Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here. 0.05) K 5.83995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17CSBI 10 4.29 4.9979902 72.8 1 148.11518 No 



Lead horizon B 

Normal Tolerance Limit (K) Calculation for Lead soil horizon B, SWMU 17BCD 

K =average+ t((N- l),alpha)*SQRT(I +(IN)) average 3.24 
Where std. dev. 1.04 
t =  Critical value of Student's t dishbution t 1.895 

N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 5.24995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 

17CSB105 3.73 8.699949 1 4 1.82 6002.6065 No 



Lead horizon C 

Normal Tolerance Limit (K) Calculation for Lead soil horizon C, SWMU 17BCD 

K =average+ t((N- l),alpha)*SQRT(l +(IN))  average 2.7 1 
Where std. dev. 0.3 1 
t = Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 4.71 995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17CSBl10 2.9 1 4.173 1848 18.44 64.921888 No 

No 
No 
No 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 



Nickel horizon B 

Normal Tolerance Limit (K) Calculation for Nickel soil horizon 9 ,  SWMU 17BCD 

K =average+ t((N- l),alpha)*SQRT(l+( 1M)) average 2.97 
Where std. dev. 0.6 1 
t = Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 4.97995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 

17CSB 105 3.26 6.0077701. 25.95 406.5757 No 
17CSB205 2.93 6.0077701 18.68 406.5757 No 
17DSB 105 2.68 6.0077701 14.58 406.5757 No 
17DSB205 2.41 6.0077701 11.18 406.5757 No 



Nickel horizon C 

Normal Tolerance Limit (K) Calculation for Nickel soil horizon C, SWMU 17BCD 

K =average+ t((N- l),alpha)*SQRT(l +(IN)) average 3.24 
Where std. dev. 0.42 
t =  Critical value of Student's t distribution t 1.895 
N= Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 5.24995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17CSBl I0 3.83 5.4449794 46.17 23 1.59252 No 



Barium horizon C 

Normal Tolerance Limit (K) Calculation for Barium soil horizon C, SWMU 3 1 

K =average+ t((N- l),alpha)*SQRT(l+( 1/N)) average 4.53 
Where std. dev. 0.38 
t =  Critical value of Student's t distribution t 2.0 15 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 6.7064488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
3 1MW3A1 4.90 7.0784505 134.00 1186.1292 No 
3 1MW2A 4.90 7.0784505 134.90 1186.1292 No 
3 1 MW4A 1 4.92 7.0784505 136.78 1186.1292 No 
3 1MW3B2 4.32 7.0784505 75.10 1186.1292 No 
3 1MW2B 4.58 7.0784505 97.33 1186.1292 No 
31MW4B2 4.42 7.0784505 82.68 1186.1292 No 
3 lMWlA2 3.34 7.0784505 28.11 1186.1292 No 
3 1 MWl B3 4.07 7.0784505 58.39 1186.1292 No 
3 1MW4C4 4.95 7.0784505 140.53 1186.1292 No 



Beryllium C 

Normal Tolerance Limit (K) Calculation for Beryllium soil horizon C, SWMU 3 1 

K =average+ t((N- l),alpha)*SQRT(I+(IM)) average -0.09993 
Where std. dev. 0.27 
t = Critical value of Student's t distribution t 2.0 15 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 2.0765 188 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
31MW3A 1 -0.05 0.4607301 0.95 1 NO 

1 .OO 1 Yes 
1.18 1 Yes 
0.75 1 No 
1.06 1 Yes 
0.83 1 No 
0.94 1 No 
1.18 1 Yes 
1.22 1 Yes 



Chromium horizon C 

Normal Tolerance Limit (K) Calculation for Chromium soil horizon C, SWMU 3 1 

K =average+ t((N- l),alpha)*SQRT( 1+(1M)) average 3.55 
Where std. dev. 0.22 
t =  Critical value of Student's t distribution t 2.015 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 5.7264488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
3 lMW3A1 3.29 4.8098187 26.80 122.70937 No 
3 l MW2A 3.78 4.8098187 43.94 122.70937 No 
3lMW4A1 3.78 4.8098187 43.9 1 122.70937 No 
3 1MW3B2 2.97 4.8098 187 19.50 ' 122.70937 No 
3 lMW2B 3.53 4.8098 187 34.00 122.70937 No 
3 lMW4B2 3.47 4.8098187 32.03 122.70937 No 
3 lMWlA2 2.92 4.8098187 18.50 122.70937 .No 
3lMWlB3 3.18 4.8098187 24.10 122.70937 NO 
3 lMW4C4 3.79 4.8098 187 44.13 122.70937 No 



Lead horizon C 

Normal Tolerance Limit (K) Calculation for Lead soil horizon C, SWMU 3 1 

K =average+ t((N- l),alpha)*SQRT(l+(lM)) average 2.77 
Where std. dev. 0.26 
t =  Critical value of Student's t distribution t 2.0 15 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 4.9464488 

Fsam~No LN Value LN Limit Value Limit Limit Exceeded? 
- 1  

3 lMW3Al 3.45 4.0560767 31.54 57.747305 No 
31MW2A 3.05 4.0560767 21.16 57.747305 No 
3 1 MW4A 1 2.87 4.0560767 17.70 57.747305 No 
3 1 MW3B2 3.69 4.0560767 40.00 57.747305 No 
3 lMW2B 3.04 4.0560767 20.86 57.747305 No 
3 1 MW4B2 2.64 4.0560767 13.96 57.747305 No 
3 1 MW 1 A2 -0.46 4.0560767 0.63 57.747305 NO 
3 1 MWl B3 1.99 4.0560767 7.32 57.747305 No 
3 1 MW4C4 2.99 4.0560767 19.98 57.747305 No 



Nickel horizon C 

Normal Tolerance Limit (K) Calculation for Nickel soil horizon C, SWMU 3 1 

K =average+ t(W-l),alpha)*SQRT(l+(lM)) average 2.69 
Where std. dev. 0.34 
t =  Critical value of Student's t distribution t 2.0 15 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 4.8664488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
31MW3A10 2.53 4.3445926 12.60 77.060635 No 
3 1MW2A 2.59 4.3445926 13.37 77.060635 No 
3 1MW4A12 3.01 4.3445926 20.23 77.060635 No 
3 1MW3B20 2.59 4.3445926 13.30 77.060635 No 
3 1 MW2B 3.1 3 4.3445926 22.78 77.060635 No 
3 1MW4B22 2.90 4.3445926 18.18 77.060635 No 
3 1MWlA25 3.16 4.3445926 23.62 77.060635 No 
3 lMW 1B35 3.43 4.3445926 30.89 77.060635 No 
3 1 MW4C40 3.07 4.3445926 2 1.49 77.060635 No 



Barium horizon B 

Normal Tolerance Limit (K) Calculation for Barium soil horizon B, SWMU 54 

K =average t(W- l),alpha)*SQRT(I +(IN)) average 4.95 
Where std. dev. 0.35 
t =  Critical value of Student's t distribution t 2.0 15 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 7.1264488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 

54SB 10A 5.77 7.4442571 3 19.23 1710.0144 No 
54SBl lA 5.41 7.4442571 223.57 1710.0144 No 
54SB 12A 5.46 7.4442571 235.96 1710.0144 No 
54SB 13A 5.42 7.4442571 226.99 1710.0144 No 
54SB 14A 5.03 7.4442571 153.30 1710.0144 No 
54SB 16A 5.44 7.4442571 23 1.33 1710.0144 No 
54SB 1A 5.10 7.4442571 164.51 1710.0144 No 
54SB2A 5.41 7.4442571 224.22 1710.0144 No 
54SB3A 5.18 7.4442571 178.16 1710.0144 No 
54SB4A 5.75 7.4442571 313.51 1710.0144 No 
54SB5A 5.64 7.4442571 281.80 1710.0144 No 
54SB6A 6.98 7.4442571 1077.02 1710.0144 No 
54SB7A 4.93 7.4442571 138.29 1710.0144 No 
54SB8A 5.24 7.4442571 188.63 1710.0144 No 



Barium horizon C 

Normal Tolerance Limit (K) Calculation for Barium soil horizon C, SWMU 54 

K =average+ t((N- l),alpha)*SQRT(I +( IN))  average 4.53 
Where std. dev. 0.38 
t =  Critical value of Student's t dismbution t 2.015 
N = Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 6.7064488 
Limit = Avg. + K(std. dev.) 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB15A 5.82 7.0784505 338.27 1186.1292 No 
54SB9A 5.27 7.0784505 193.90 1186.1292 No 
54SB16B 5.32 7.0784505 203.70 1186.1292 No 
54SB14B 5.1 1 7.0784505 166.27 1186.1292 No 
54SB6B 5.89 7.0784505 362.50 1186.1292 No 
54SB10B 5.06 7.0784505 158.09 1186.1292 No 
54SBl lB 5.17 7.0784505 175.54 1186.1292 No 
54SB12B 5.5 1 7.0784505 248.34 1186.1292 No 
54SB2B 5.17 7.0784505 175.46 1186.1292 No 
54SB3B 4.47 7.0784505 87.63 1186.1292 No 
54SBJB 4.68 7.0784505 108.30 1186.1292 No 
54SB5B 5.50 7.0784505 244.59 1186.1292 No 
54SB7B 6.04 7.0784505 420.9 1 1186.1292 No 
54SB8B 5.49 7.0784505 243.14 1186.1292 No 
54SB9B 5.30 7.0784505 201.01 1186.1292 No 
54SB10D 4.95 7.0784505 141.88 1186.1292 No 
54SBl3B 4.78 7.0784505 1 18.64 1186.1292 No 
54SB 1 B 5.73 7.0784505 307.44 1186.1292 No 
54SB 16D 5.47 7.0784505 237.56 1186.1292 No 



Beryllium horizon B 

Poisson-based Tolerance Limit (K) Calculation for Beryllium soil horizon B, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB 10A 1.81 5 No 
5JSB1 IA 1.49 5 No 
54SB 12A 1.54 5 No 
54SB13A 1.42 5 No 
54SB 14A 0.89 5 No 
54SB 16A 1.47 5 No 
54SB 1 A 0.93 5 No 
54SB2A 1.76 5 No 
54SB3A 1.11 5 No 
54SB4A 1.78 5 No 
54SB5A 1.55 5 No 
54SB6A 1.11 5 No 
54SB7A 0.82 5 No 
54SB8A 1.15 5 No 

Tn 7.83 
2Tn+2 17.66 
Chi Square (2Tn+2) 28.4343 
n 6 
Lambda Tn 2.369525 
Z(Lambda Tn) 4.73905 
Chi SquareO.O5[2K+2]>= 4.73905 
[2K+2] = 12 
K = 5  



Chromium horizon B 

Normal Tolerance Limit (K) Calculation for Chromium soil horizon B. SWMU 54 

K =average+ t((N- l),alpha)*SQRT(l +(IN)) average 3.76 
Where std. dev. 0.2 1 
t =  Critical value of Student's t distribution t 2.015 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 5.9364488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 

54SB 10A 3.52 5.0066542 33.86 149.40403 No 



Chromium horizon C 

Normal Tolerance Limit (K) Calculation for Chromium soil horizon C, SWMU 54 

K =average+ t((N- l),alpha)*SQRT(l +(IN)) average 3.55 
Where std. dev. 0.22 
t = Critical value of Student's t distribution t 2.015 
N = Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 5.7264488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB 15A 3.83 4.8098187 45.93 122.70937 No 



Lead horizon B 

Normal Tolerance Limit (K) Calculation for Lead soil horizon B, SWMU 54 

K =average+ t((N- l),alpha)*SQRT(l+(l/N)) average 2.9 1 
Where std. dev. 0.35 
t =  Critical value of Student's t distribution t 2.015 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 5.0864488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB 10A 5.33 4.6902571 205.56 108.881 17 Yes 
54SB 1 lA 4.5 1 4.6902571 91.13 108.88117 No 
54SB 12A 3.06 4.6902571 2 1.22 108.88117 No 
54SB 13A 4.91 4.6902571 134.97 108.881 17 Yes 
54SB 14A 3.60 4.6902571 36.56 108.88117 No 
54SB 16A 3.46 4.6902571 31.82 108.88117 No 
54SB 1 A 6.57 4.6902571 716.80 108.881 17 Yes 
54SB2A 7.76 4.6902571 2354.26 108.881 17 Yes 
54SB3A 5.77 4.6902571 321.84 108.881 17 Yes 
54SB4A 4.43 4.6902571 84.26 108.88117 No 
54SB5A 3.69 4.6902571 39.90 108.88117 No 
54SB6A 8.24 4.6902571 3789.73 108.881 17 Yes 
54SB7A 3.92 4.6902571 50.29 108.88117 No 
54SB8A 5.44 4.6902571 229.75 108.881 17 Yes 



Lead horizon C 

Normal Tolerance Limit (K) Calculation for Lead soil horizon C 

K =average+ t((N- 1 ),alpha)*SQRT(I+( l/N)) average 2.77 
Where std. dev. 0.26 
t = Critical value of Student's t distribution t 2.015 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 4.9464488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB15A 3.35 4.0560767 28.40 57.747305 No 
54SB9A 3.04 4.0560767 20.85 57.747305 No 
54SB 16B 2.70 4.0560767 14.81 37.747305 No 
54SB 14B 2.58 4.0560767 13.25 57.747305 No 
54SB6B 6.07 4.0560767 430.56 57.747305 Yes 
54SBlOB 2.46 4.0560767 1 1.69 57.747305 No 
54SBl lB 2.49 4.0560767 12.11 57.747305 No 
54SB12B 2.59 4.0560767 13.28 57.747305 No 
54SB2B 2.66 4.0560767 14.23 57.747305 No 
54SB3B 2.69 4.0560767 14.74 57.747305 No 
54SB4B 2.12 4.0560767 8.36 57.747305 No 
54SB5B 2.82 4.0560767 16.82 57.747305 No 
54SB7B 3.13 4.0560767 22.79 57.747305 No 
54SB8B 3.05 4.0560767 2 1.20 57.747305 No 
54SB9B 2.76 4.0560767 15.83 57.747305 No 
54SB 1 OD 2.58 4.0560767 13.16 57.747305 No 
54SB13B 2.1 1 4.0560767 8.23 57.747305 No 
54SB 1 B 1.75 4.0560767 5.77 57.747305 No 
54SB 16D 2.62 4.0560767 13.68 57.747305 No 



Nickel horizon B 

Normal Tolerance Limit (K) Calculation for Nickel soil horizon B, SWMU 54 

K =average+ t((N- l),alpha)*SQRT(l +(lM)) average 2.98 
Where std. dev. 0.4 
t =  Critical value of Student's t distribution t 2.015 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 5.1564488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB 10A 2.98 5.0425795 19.71 154.86898 No 



Nickel horizon C 

Normal Tolerance Limit (K) Calculation for Nickel soil horizon C, SWMU 54 

K =average+ t((N- l),alpha)*SQRT(l+(lM)) average 2.69 
Where std. dev. 0.34 
t = Critical value of Student's t distribution t 2.0 15 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 4.8664488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB15A 5.26 4.3445926 26.05 77.060635 No 



ATTACHMENT 4 

REVISED APPENDIX H OF THE 

DRAFT RCRA FACILITY INVESTIGATION (RFI) REPORT FOR 

SOLID WASTE MANAGEMENT UMTS 17,31,48, AND 54 

RADFORD ARMY AMMUNITION PLANT 



APPENDIX H 

SL3151ARY STATISTICS FOR BACKGROC'ND DISTRIBUTIONS 



SC'RlhlARY STATISTICS 

FOR 

BACKGROUND DISTRIBUTIONS 



Ihckgrot~tid. llrhon Complcx Soil Type 

Soil Type Urban Complcx 
. .... 

Soil Iiori7nn 
........ -- ................ 

~ c l a l  . 
-- 

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

- .. - ~_1..-.... C 
Antimony 

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

Urhnn Co~iiplcx 

. .  l3 I .. c -  ~. 
hrscnic 

Urhan Co~iiplcx 
- . . . . . -  .- . 

13 [ c 
........ 

I3arium 
110.3 1 97.76 

~ 

6.80 
- . . .  

.... 

5.4; 
. -~ 

Mcan 
- . -- - - - - - . . -. -. . - 

12.62 12.67 

Standard Error 0.60 0.42 
..... 

Median 12.07 12.50 

Sample Variance 
. - ~ . . 

~ " r los i s  
. . .  

...-...... 

1.85 
-................. 

6.38 
5.24 

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

. ~ 

0.0 1 

- - 
0.54 

.~ 
0.09 

........ 
0.24 

~ . 
0.66 

...................... 
0.37 

............. 1.26 
-0.25 

.~ ~ 

.-... 

Standard Deviation 
...-.... .............. 

.... 

2093.-1-1 
5.74 
2.30 

~ 

142.60 
62.63 

205.22 
782.09 

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

8 
. ~ .~ 

31.70 

..... 
1.7 1 1.19 

12.27 
-2.05 

~- . 

. . . . . . . . . . .  
-0.2 1 
8.32 
1.37 

. . . . . . . . . . .  

9.69 
....... 

43.70 

8 ~ 

2.43 

2.92 1.42 27.42 

0.03 
.. 

0.77 
..........--.. 

o .o i  

2.10 3.28 
. . 

0.29 
0.23 0.82 0164~ 

~. -- .. 

0.22 0.4 1 0.04 
............. ... 

I .37 2.36 0.74 

1.37 

. . .  
-1.17 
0.13 

9798.59 
~. . 

-- . ~ 

0.06 
1.30 

255.47 
. . . . . . .  

3 1.44 
286.91 
882.51 

8 
68.59~ 

~. 

-0.44 0.49 
~ 

Skcwness 0.7 1 
. . -. - - . - - - - - - - - - ~~ 

0.1 1 
Range 4.86 3.95 
~p ..... 

Minimum 10.34 10.72 
-- .. ....... -.......... 

Maximum 15.20 14.67 
-.-... ...... . . 

Sum - - -- -. - - 
100.94 10 1.34 

-. 

cbunt 8 8 
confidence LeveI(95.000Oh) 1.19 0.83 

Orban Complex Urban Complex 

16.18 
83.64 

. . .  

45.75 

1.24 
6.23 

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

......... 
0.6 I 

. 
0.0 1 

. .  
-0.53 -- 
0.74 

~ 

- 1.93 
......... 

~- 
0.23 
I 3.09 

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

1.32 
14.41 
5513 

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

8 
...................... 

3.63 

. . . . . .  
0.96 
6.23 

.......... 

~ 

8 
0.05 

. ..... ........ 
2.33 4.10 0.93 

10.67 18.39 6.20 

. . .  .. I3 E- c 
. ncryllium 

. . ~  

35.00 -- . . . . . .  

68.74 

8 8 
0.42 0.8 1 

............. -- n [:-:-- c--- 
Cadmium 

~- ~ 

1.17 

8 
-~ 

0.07 

....................... 
0.10 3.50 

- ---. 

1.33 
........ .................... 

2.30 0.78 

. 
98.99 

-... 

0.78 
- 



Ili~ckground, Ilrhnn Co~iiplcx Soil 'Type 

Soil l'ypc 
~ - - . - . . - -- 

~ o i l  l lorizon 
~ . 

Metal 
-~ . . . .  

Mean 
. 

Standard Error 
- -. . . . . -  -. 

Mcdian 
~ . ~ 

Standard Deviation 
- - -- .... ....... 

Sample Variance 
-.. 

Kurtosis 
.. 

Skewness 
.- 

kangc ~ 

Minimum 
. . . .  

Maximum 
. . -  

Sum 
. .~ .. -- 

Count - -. 
~onl idcnce ~eve1(95.00@/.) 

. . . . . . .  
IJrhnn . Complcx 

. ,  . ~ 

I 3  C 
. 

.... Mercury - - ~ - ~  . 

0.10 0.08 
. . . . . . . . . . . . . . .  

. . . .  . . . . . . . .  
0.03 0.03 

~ ~~ ~~ 0.04 . ~. .- 
0.04 

. . . . . . . .  
0.09 0.08 

.~ . 

.......... 
0.0 1 

~- - 
0.0 1 

- 1.95 0.45 
~ ~ 

. . . . . . .  
0.51' 1.50 

.. .. 

0.18 -- 0.20 
0.03 0.03 

. . ---- ~- . ~ ~ 

0.2 1 
~ 0.~23 

0.76 0.63 
..... 

8 8 
..... . .  . 

0.06 0.06 

......... 
IJrha~i . - Complcx 
II 1 -  - C 

~ . - -  .- . .- 

............ 
Nickcl 

- - - 
2 1.98 

......... 
32.87 

...... ... ... 
3.2 1 4.07 

- 

.... 
24.06 37.16 

~~ ~ 

~ - . . 
9.08 11.52 

. . . . . .  
82.37 132164 
0.1 I -0.97 

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

..... 
-0.97 -0.63 

... . . . .  
2 5 . 0 8  - 30.85 - 

16.19 
. 

5.15 
. - ----  

. .  .. 

30.23 47.04 
175.85 262.93 

....... - ---- ..-.. -~ 

8 
- 

8 
. . . . .  

6.29 7.98 

Urban . Co~nplcx 

~ ~ I .  c 
Chromiurii 

Urban Complcx 

.~ ~- I3 - [---;Ic ; ' -. - 

. .. 
Selenium 
0.29 0.29 
- . - - - - - - - 

0.0 1 
-- ~.. ~ . 

0.0 1 
0.28 0.29 

.- . ~ . 

0.04 0.03 

.... 
0.00 0.00 

-0.54 .. . 

. .- 
0.28 

0.66 
-- - - - -. - - - . . - . - 

0.25 

... ....- 

~ 0.1 I 0.09 
-- 

0.24 0.25 
.... 

. 

0.35 
---- 

0.34 
2.34 2.34 

- 

.- 8 
-. . - - -. - 

8 
0.03 0102 

46.43 
- 

3.35 

48.4 1 
. 

9.48 
89179~ 
-0.83 
-0.46 
27.4 1 .. 
30.70 
58.10 

371.44 . 
8 

6.57 

IJrhan Coniplcx , . . .  
n - .  

c, 
Lead 

. 

46.85 
. .  

3.1 1 
..................... 

49.04 
~~ . ~ 

.. ~ ~ 

8.7R 

77. i6 
........ 

-0.35 
. . .  

-0.7 1 
. . . . . . .  

25.97 
..  

3 1.29 
~ - - .  . 

. - 57.26 
374.78 . .  

8 
p.-..--..---..------.. 

6.09 

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

46.97 

26.03 

- ~ 

2 11k3' 

- -. -. . 
73.63 

5421.13 

. . 
71 72 
2.G 

222.89 
. . . . . .  

5.20 
. - -~ ~- --. 

228.09 
375.78 

8 
5 1.02 

15.69 
. . . . . . . . . . . . . . . . . . .  

1.78 
. . . . .  

..... 
i4.3 I 

. 

5.03 
. ~ 25.26 

. . -. ~ 

0.09 
- 0.83 
15.27 

- . 

9.63 
- -. . ~ . - 

....... 
24.90 

125.48' 
............. 

8 
~ - - ~ ~  

3.48 



Ilackgrourtd, IJrlxtrt Coniplcx Soil Type 

Soil l'ype 
- . .. ....... 

Soil Horizon 
--  . . . . ----  . 

Mcta~ 
. . . . . .  .... -- . 

Mean 
. -- ~ . -  - .  - . . ~  . 

Standard Error 
-.- 

~ e d k n  . .~ . ~ 

.......... 

Standard Deviation 
............ 

Sample Variancc 
......... .. - -- ... 

Kurtosis 
.-. . -- - 

Skewness . . --  .. -~~ -~ 

Range ~ -~ ~ ~ 

Minimum 
.. -. . - ~ ~- 

Maximum 
. . . . .  . . . . . . . . .  

Sum 
- -  . . .  

Count -- .. - ....... . . . .  

Confidence Levc1(95.000%) 

IJrhan Co~nplcx 

- l3 I C~~Z 
. . . . . . . .  

l'lialliunt 
-- - 

22.08 22-17 
I .06 

- ~ 

0.74 

. . .  21.13 2 1.88 
~- ~- . 

2.99 2.08 ~- ~ ~ -- ~ ~.~ 

8 .06 4.34 
- - -  - .  

-0.44 0.49 
. - . . - - .. 

0.7 1 0.12 
- . -- 

8.50 6.9 1 
~~ 

18.09 
- - 

18.77 

26.59 
........ 

25.68 

....... -. - - 176.62 177.36 

~ ~ 

8 8 
2.07 1.44 

Urhan Complex 
....... 

li - 1  . c -  
.... 

silver 

- ~ 

0.02 
0.0 1 

.. 

0.0 1 

0.03 
0.00 
2.15 
I .76 

~. 
0.08 
0.01 
0.08 

~ 

0.18 
8 

0.02 

. . . . .  
0.03 
0.01 

~ 

0.0 1 
0.03 
0.00 

... 
-0.0 . . l 
1.43 
0.0s 

-- .. 

0.0 1 

~ . ~ .  - 
0.08 

. - ............... 
0.22 

- - 
8 

0.02 



Ik~ckground, Wliccling I,oam Soil Typc 

Soil Type 
~. 

Soil 1 lorison 
~ c t a l  

- -- - - -- 

Mean 
. ~ - -- . . -- 
Standard Error 
- - - .. . - - - 

Median 
- - - - - - -- - - - - 

Standard Deviation 
- 

Sample Variance 
. 

~ G o s i s  
skewness 

.. ~ - -- 

Range . . 

Mininium 
- -~ 

Maximum 
.~ . ----p---p---p-...- 

Sum 
. 

Count 
. . -. - - -. - - 

Confidence l,eve1(95.000%) 

Wheeling L,onm 
--.---.--. . 

I3 1 C - .~ .. 

Antimony 
. 

- 
1 1.78 -- 
0.09 
- - - 

1 1.77 
- -. 

0.22 

0.05 
1.85 

-0.37 
~ 

0.67 
-. 

1 1.42 
- . . . 

12.09 
70.65 

- 
6 

-- - 

0.17 

. 
Wliccling I,oa~li 

~ ~i ~ J - . c . . -. . 

I3ariu11i 

Wheeling L.oam . 
13 I C1 

~ .. 

hr.kcnic . ~ 

-. - - - . 

1 1.55 
.. -~ . . 

0.23 
-. . - - . . 

1 1.83 
. - - . - . . 

0.5s 
0.30 

.- -- - ~. 

-0.75 
~~. 

- 1.09 
-- 

1.33 
I 0.67 

- - -- - .  

-- -~ 
12.00 
69.27 
.~ 

6 
- .~  ~ ~- .. 

0.44 

147.20 
-. 

18.4 1 
... ~ - -  ~ 

155.26 
-- .. . 

4 5.09 
2032.89 
~ . . ~ . . .  

- 1.08 
~-~ 

-0.57 
~. - .  

115.72 
~~. ~ 

79.72 
- .  

195.44 
. . .. 

883.22 
6 

36108 

. 
2.3 1 

. . 

0.52 
~ 

. . . 
1.5 1 
1.27 

~. ~~ 

1.60 
~- .. . . 

- 1.00 
~~. 

. . .  ~ 

1.01 
2.08 
1.46 
4.14 

. . 

- - 
13.85 

6 
. . .~ 

1 .0 1 

~ ~~ -. . - ~ ~. . 

98.82 
-~ . . 

16.72 
9h.5i 

... . . . 

40.95 
~. 

1677.24 
3.05 

. .  - 

. 
1.52 

119.34 
~. 

55.63 
-. .- ~- .. 

174.97 
-- ~ . ~ ~ 

592.90 
k 

32.77. 

- 
2.38 
0.59 

~ 

. ~- -. 
1.53 
I .45 

~ . . ~  

2.10 
~~ ~ 

0.09 
~ . .  

1.29 
.. 

.. . 
3.46 

~. . 
1.36 
4.82 

i4.26 
6 

1.16 

Wheeling I,oam 
.. - " . . -. 

I3  1 0 
-. . . . -- 

lkryl l ium 

Wheeling I,oam 3.-.- ~ ,. , - 

C 
. .. . - - ~ - -  . 

Cadmium 
.. . . . 

1.30 
. . . . - - - 

0.15 
- - ~ ~ .... 

- -  1.5 I 
--- -- - . - 

. . --- 
,037 
0.14 

. . -- . 

-0.18 
- 1.23 

-.. .. -- 
0.89 

~ ~ 

0.69 
- ~ 

1.58 
.. - 

7.83 
- 

6 
~~ 

0.30 

., - - 

0.72 
- - -~ 

0.01 

0.72 
~~ 

0.0 1 
. - - - . - 

0.00 
1.33 

. 

-0.44 
.- 

0.04 
~ 

0.70 
0.74 

. - -- - 

4.33 
6 

- - . . . 

0.0 1 

~ ~~~ . 

0.94 
. - . - - . . 

0.12 
.. - ~~ 

0.87 
- . -~ . 

. - 
0.29 
0.69 

~ - -  - 

4.43 
. ~- .. 

I .96 
~- 

0.84 
~ 

0.67 
-- -- .. - . 

1.5 1 
- -. .~.. . 

5.62 
...~ . 

6 
. -. . ~~ 

0.23 

. . - -- 
0.70 
- - 

. -~ -- 
0.02 

-- 
0.73 
0.05 

- . - 

.. --- 
~ . o h  

. .. -.. 
-0.80 
- 1.07 
0.1 I 

~-~ ..-. ~~~ 

0.63 
0.74 -. . -- 

4.2 1 
~ . ~- 

.- . - - -- - 
6 

0.04 



I3ackground. Wliccli~ig I,o;l~ii Soil l'ypc 

Soil Type Wheeling l .oam Wheeling Loam 
. ................... 

Soil I lorizon B C U C i 1 .  
Wheeling s:-~ Loam ..: .-.- 

B C 
..... 

. 
Selenium - - - - -. - - - 

.... .... . - .  
0.27 0.27 
- -. -- 

Metal - . . - - - 
Mean 
. - -  ~- ... 

Standard Error -- ............. . 

Wliccling Loam 

I 1 . .  C . . - . .  

Mercury 

Wllccling ~. , -- Loam e.- .- . 

13 -- .... 

Nickel 
. .  

0.04 

. . . . . . .  
0.0 1 
0.03 

.-- - - .  
0.02 
0.00 

. . . . . . . . . .  

6.00 
. . . . . . . . . . . .  

2.45 
............... 

0.04 
. 

- . .~ ~~ ~ 

20.86 
- .. 

0.05 
. . . . . . . . . . . . . . . . .  

. . . . . .  
0.0 1 

-. 
0.03 

..... 

. - ~ - -  
0.03 
0.06 
-I .65 
1.01 

- . . . . . . . .  

0.07 
. . . . .  

15.57 
.- 

Median - - - 45.96 35.95 
......... ...... 

. - - - 
0.00 

. 
0.27 

. . . .  

Chromium 

...... 
2.96 

. . . . . . . .  
23.83 

........ 

Lead 
43.76 

3.64 

0.03 

- . .  
0.07 
0.22 

~ 

6 
............. 

0.0 1 

19.17 

2.46 
. . . . . . .  

2 1 .48 

-~ ........... 

35.60 
... .... 

3.17 
...-........ 

. . . . . . . .  
7.25 

52.60 
........ - .. 

- 1.76 

2.48 - . -. - -. . - 

.. 

14.02 

. -  - .  
0.03 

- ~ 

0. 10' 
0.3 1 

~ 

6 
.... 

0.03 

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

16.36 
. . . .  

1.70 
15.99 

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

0.00 
- - - . 

0.27 
4.18 

.......- 

-- 
17.44 

.. 

0.44 
. 

0.46 
. 

12.i3 
... . 

10.83 
22.96 

-- ... 

98.18 
6 

.- - 

3.34 

....... 
6.09 

.--. 

37.04 
.... 

4.23 
~ 

6.02 
36.27 
- . . . . .  

- 1.97 
..... 

-0.67 

Standard Deviation 
-- .---.--p-pp-..-..... .... 

Sample Variance 
-. ............... 

Kurtosis 
....-.--pp .... 

Skewness 
-. . . . . . .  

-0.7 1 - .- ... . 

16.20 

. 
0.0 1 - - 
0.00 
2.50 

-...- 
0.0 1 -- 

....-.- 
0.00 

-0.45 
- - 

Range - 
. .. .. 

8.9 l 
79.4 1 - -- - . . 
-1.70 
-0.28 

. 

1.85 
17.77 

7.75 
......... 

60.14 
.............. 

-0.32 
............... 

0.43 0.00 
0.02 22.22 

. . 

......... 
0.25 
0.28 

.~ - - 

.. 
1.61 

~- 

~- 
6 

0.0 1 

.. .... 
10.56 9.57 0.26 

- - 

26.76 27.34 0.28 

-0.67 
~- - -~ 

. .  
0.03 2 1.05 13.63 

-. . . .  

Minimum 32.63 
. . . . .  . .... 

~ 

125.17 
6 --- ...-- 

~ 

~- 
93.4 1 

. 
1.62 

6 
... 

6 

26.58 
... 

11.31 
. . . .  

5.80 4.87 

24.94 
-. ...... 

1 1 5.02 
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 
...... 

4.82 

Maximum 
~ -. 

Sum 
- ........ .... 

Counl 
- . .- - - - - 

Confidence ~eve1(95.00&) 0.0 1 

54.85 
.- - . 

--- 262.59 
6 
. 

7.13 

47.63 - . - . . . . . .  

- 2 13.57'- 
6 

6.20 



Il;~ckgrou~id. Wliccl i~~g Imam Soil l'ypc 

Soil Type 
. ~~ . -. -- 

Soil I lorizon 
Metal 
-~ ~ ~ 

Mean 
Standard I<rror 

. - ~ ~. 

Median 
~. .~ 

Standard Deviation 
. . . . - . - -. - . . . ~ - 

Sample ~ Variance - ~ - -  

Kurtosis 
. ~ .  . - .. . ~~ . . 

Skewness 
-- . ~ .---. .. . ~ - ~  - 

Range 
.- . ~~ - .... 

Minimum 
. . -- ... . . -- 

~ax i r num . - 
Sum 
. ~. . -~ -~ .- . .-- -- .. 

Count 
~ --- - - - 

Confidence l,eve1(95.000%) 

Wliccling I,oam 

!! I 1ICI- 
-~ 

'l'lialliurn 
. - - ~ -  . - 

20.0 1 20.20 
~.~ - --. 

.. . ~ 

0.15 
~ ~. 

0.39 
20.00 

. -~ . . 
20T69 

- .  -~ 
0.38 

--. . -. 
0.97 

0.14 
~ . ~ - ~  

6.93 
- . - -  

I .KO -0.72 
- - 

-0.39 -1.10 
1.16 2.33 

~-~ .~ - - 

. ~ ~~~ 

19.99 
-- 18.66 

21.15 
. 

20.99 
. 

123.64 121.19 
.. -~ -- -. -. . . 

6 6 
.. ~- . 

0.30 0.77 

Wheeling L,oarn 

I3 I 
Silver 

0.10 
~- 

0.09 
0.01 
0.22 
0.05 
6.00 
2.45 
0.55 
0.0 l 
0.55 
0.59 

. ~ -  

6 
-~ ~ - .  - 

0. I 8  

~- ~.. 

0.0 1 
~ .~ 

0.00 

. ~ 

0.0 1 
0.00 
0.00 

.. ~- 

-1.88 
. .  ~ - -  . 

0.97 
. 

0.0 1 
~ ~ -~ . 

0.0 1 
- .... .~ ~ 

0.0 1 
. ~ 

0.04 
-. . . 

6 
-~ ... 

0.00 



I~;tckgro~lliil. 13raddock I.oani Soil 'l'ypc 

Soil Type 
- - 

Soil I iorimn 
- - -- -- - -. -- - -- 

Metal 
~ 

Mean 
Standard Error 
Median -- 
Standard Deviation 
. . -- ~ . -  - -  -- 

Sample Variance 
. . ~  ~ 

Kurtosis 
- ~ . . 

Skewness 
Range 
Minimum 
Maximum 
. .. 

Sum 
~ 

Count 
. -  . ~ 

Confidence Leve1(95.000%) 

I3ritddock Loam 
- . I3 

~. , ~ . . ~  .~ .. . -. 

. -~ 
Arsenic 

.. 

2.55 
~ ~ . 

4.26 
--. . . - - 

1.02 2.73 
.. ~ . .  -~ ~ ~- .. - ~ 

1.55 1.55 
. ~ 

2.07 
.. . 

5.45 
4.18 
. 

29.72 
. 

4.00 4.00 
. - 2.00 2.00 

4.12 - ~ 10.93 ~ 

.. - 
1.50 

..  . 
1.51 

5.62 
- -  - .. 

12.44 
- . . ~-~ 

- -. 
10.2 1 . - 17.05 -. 

4 4 
.- - - . - . . -- . 

2.00 5.34 

Braddock Loan1 
~- 

B ]-:L-c - - 

Antimony 
1 1.94 

- - -- . . 
0.1 1 

. 

11.91 
-- -. 
0.22 

~. 

0.05 
~ 

-1.88 
- .. 

0.55 .. 
0.49 

~ 

1 1.72 
12.21 
-~ 

47.74 
-. . 

4 
0.22 

ll - - .- ,:- Braddock Loam 

. - - -. -- - . . -. - -. . 
Cadmium 

Ilraddock I.oam 
. . ..- 

. 
I 3  1 c 

kriu111 . . .  
~ . 

12.17 
-. . . - - - . . 

.. 
0.15 

. . - 
12.17 
6.30 

. .- . . ~ 

0.09 
. - 

-3.38 
- 

. 0 . 0 i  
0.65 

- . 

11.85 
12.50 

.- ~- . 

48.68 
4 

0.29 

0.73 
0.0 1 

~ 

0.73 
0.02 ~- - .. - .- ~ 

0.00 
- - - - . 

-3.90 
. - - ~  

0.37 
-. - - - - - 

0.03 
0.72 

. --- -. - - . 
0.75 

-- -- .. - - - 
2.93 

4 
0.0 1 

I 17.61 
. 

~. 
30.95 

- 93.24 
61.89 

~ -. . 

3830.75 
3.55 

.. - - 

1.86 
- 134172 

74.6 1 
~. . 

209.33 
..- 

470.42 
4 

.~ - 
60.65 

. - . I3raddock Loam 
.. 

u [;-I . - . .. - 

13&ylliurn ~~ 

1.18 

- 
0.43 

~ ~ 

0.75 
0.86 

- - - - - 
0.75 

.. ~ -. 
4.00 
2.00 
1.74 
0.73 

.. - 

2.47 
- - - - - . 

4.70 
. 

-~ 
4 

0.85 

135.34 
- 22.52 

.. . 

. . 126.83 
45.04 

2028.46 
1.97 
1.06 

107.28 
90.2 1 

197.48 
541.34 
- 

4 
-~ 

44.i4 

0.57 
0.30 - - - . 

0.27 
- .. ~. 

0.60 
. .- ~ 

~- 
0.36 
4.00 
2.00 
.. 1.21 
0.26 
1.47 

. . - - 

2.26 
.- 

4 
~ 

0.59 

1.58 
~ 

0.48 
. - . . 

1.81 
- 

0.96 
~ ..- . 

. .. -- 0.92 
0.67 

-. . 

-1.13 
~ 

. -  2.16 ~-~ 

0.26 
2.42 

- - - - - 
6.30 

~ - -  

4 
0.94 



Ihckgrouncl. Iiri~ddock I,onm Soil 'l'ype 

Soil l'ype 
. . - . - . . - - - 

Soil Ilorizon 
. . - . - . - - . 

Metal 
~ 

Mean 
. . - . .- - 

Standard Error 
- -  ~ - -- ~ 

Median 
standard Deviation 

- . - .. - - - .- . 

Sample Variance 
~uGosis 

.. - . ~ .  -- 

Skewness 
Range 

. - - 

Minimum 
. .- 

Maximum 
- . . - . . - - - 

sum 
- - . . - - - -- -- 

Count 
-- - -- - -- --- 

confidence Leve1(95.000%) 

haddock I,oaln 
-~ ~ -- - ~ 

-.- Chroniiuni ~ . . .  . 

42.4 1 
~ 

2.28 
4 1.79 

4.56 -- 
20.82 
-3.64 

~- 

0.38 
~ ~ 

9.50 
. 

38.28 
- .. 

47.77 
169.64 

- 
4 
. -. 

4.47 

. . 
Ijraddock I,ontn 
I1 I c '  

~ , - .. 

- . Ixad . 
. . 

43.15 

4.05 
~ . . ~ . 

43.45 
- .. . 

8.1 l 
. . . 
65.70 

~ ....- . 

0.4 1 
-~ ~ .... ~ 

-0.20 
~. - -  .. 

19.45 
, - .. - 

-- 
33.13 
52.58 
- . 
172.61 

-. . .~- - 
4 

7.94 

1 7.08 

2.93 
- - - - - .. 

17.19 
~~ 

5.86 
34.40 

~ ~ 

-4.42 
-0.05 

~ 

12.26 
~~ . ~ 

10.85 
. -~ 

23.10 
~. ~ 

-- . 
68.33 

-- -. . 
4 

5.75 

24.07 
- . . ~  

6.64 
- . 

19.30 
13.28 

176.28 
2.69 

. . 

I .65 
29.05 
14.32 
43.37 
96.29 

4 
13.01 

Iiraddock I,onrn 
. . 

- .  
C I3 'I.: 

Mercury 
0.05 

0.02 
- - - ~ .  . . 

~ -. . 
0.03 
0.03 

. - ~ -  - 

. ~. 
0.00 
4.00 
2.00 
0.06 

. 

0.03 
. 

0.09 
. - ~- 

0. 18 
4 

~ ~ 

0.03 

. .~ 

0.07 
0.02 

. .. 

. - 
0.07 

. 0.05 
0.00 

.. - ~ 

-6.00 
. ~ 

0.00 
.-..- . 

0.08 
-~ ~. 

0.03 
--- -- - - 

0.1 1 
- . -- . ~ 

0.28 
- ~- 

4 
-- - -- - ~ 

0.05 

ljraddock Loam 
~ .~~~ ..- . . . . . - 

I 3  C 
Nickel 

haddock I.oa~n * - - . . .- . - - ... 

1 :. c ...... ~- 
Selenium 

~ - 
12.59 

~ 

1.16 
.--- - . - 

12.77 
. - .. 

2.3 1 
~ -- . 

5.34 
~- 

-4.03 
~ - -  

-0.23 
-~ .... ~ ~ 

4.86 
.- 

9.98 
.~ ~ .. 

14.83 
~- 

50.34 
- - - ~ 

4 
- - . .- - 

2.27 

~ 

0.28 
0.00 .. 
0.28 
~- 

0.0 1 
~. 

0.00 . 
-6.00 

.. - 

0.00 
. 

-- 
0.01 
0.27 

- -~ - .- . - 
0.28 

--- .. . - 

.- -- ~ 

1.10 
4 

- . .. ~~ .- 

0.0 1 

~ 

26.42 
~ 

5.69 
27.17 

~~ 

1 1.39 
12969 

-~ 

-5.66 
- -  .~ - - 

-0.06 
-- -- 

- 
21.1 1 

. ~ . ~ .  

15.1 1 
- 

3623 
- -- - - 

105.68 
... -~ . - - 

4 
. ~- 

1 1 . 1 6  

- .~ - -  

0.28 
~ 

- .  
0.00 

. -  ~ . .  
0.28 

...~- - 
0.0 1 

~ - - -  
0.00 
I .SO 
0.00 

. .. . 
0.02 
0.27 

.- . . 
0.29 

~ . . ~  
1.12 

~ . . 
4 

0.0 1 



I l i~cky~.ou~~d. I3raddock Loam Soil Type 

Soil Type 
. ~. 

Soil I lorizon 
. ~ 

Metal ~ -~ 

Mean 
~ 

.- 

Standard ~Eko r  
. ... . - ~ ~ 

Median . ~~ 

~ t i n d a r d ~ c v i a t  - ion . ~~ 

%mplc variance - 

Kuriosis 
. - ~ -  ~~ . 

~ k i i n e s s  
- . . - . . . - . .. 

Range 
. .-. ~ 

Minim,& - - 

Maximum 
- .. .- . -  - ~ 

Sum 
.... ~.~ . - .  . ~- ~ . 

Count 
. - ~ .. - .~~- -~~ -~ .- - 

Confidence Leve1(95.000%) 

I3raddock L.oam 
-..~ 

I 1 c 
Silver 

0.0 1 
0.00 

. ~. . 

0.01 

0.00 
0.00 

-6.00 
~ 

. . 
0.00 
0.0 l 
0.0 1 
0.0 l 

~ . - 
0.03 

.- ~ - . .  

~ 

Ilri~ddock I.oam 

1% 1 (3 

~l~l,i,lli,,"I 
. . 

0.0 l 
~ -~ . .  

0.00 

0.0 l 
~ ~ 

0.00 

- ~~ .. 6.06 
NA 

. . . . - . . . . 

NA 

.. - - 
0.00 

~ 0.0 I 
~. ~ 

0.0 1 
~~ - ~ -  

0.04 
~ 

4 
~ - ~ . . . ~ 

0.00 

20.89 

~~ 

O. lc )  
20.83 

0.38 

. .~ 0. I S  
-2.10 

~. 

0.55 
- 

0.84 
20.52 

. 
2 1.36 
83.54 

~- . 

2 1.30 

0126 

2 1.28 

. . .  . 
0.52 

0.27 

-3.37 
~ .~ - 

0.10 
~- . . 

1.14 

... ~~ 

20.74 
2 I .88 

. .  ~ 

. 
85.18 

4 . -. ~ 

0.5 1 
4 

. .- -~ . 

NA 
. - 

4 
0.37 





POSITIVE RESULTS TABLE O F  BACKGROUND SOIL SAMPLES 
RADFORD ARMY AMMUMTION PLANT 

Field h m p k  Humher BClBBtA BGlBUC3 BGlBWLS BGlCBLlO BClCUCX BClGWI.8 BG2BBU BC2BB W 

mm'ALS (u#@ 
Arsenic 1 1.47 6.96 4.82 11.61 
Lead 13.45 J1 21.32 JI 11.31 JI 14.32 JI 15.25 JI 16.81 JI 10.85 JI 27.90 JI 
Silver 0.08 J9 0 08 J9 
Barium 97.88 J1 46.88 JI 144.07 JI 122.28 J l  73.00 JI 102.06 JI 88.60 JI 31.44 JI 
Beryllium 1.42 1.53 1.49 2.92 0.91 0.99 
Cadmium 
Chromium 38.98 JI 50.75 JI 43.10 JI 41.49 JI 57.26 JI 37.97 JI 44.61 J1 51.54 JI 
Nickel 9.98 30.17 2 1.07 18 12 36.32 13.78 1 1.34 13.36 
Mercury 0.2 1 0.23 0.10 0.09 0.17 

OTHER 
Total Organic Carbon (uglg) 4246.58 1246.88 1223.99 

PH 5.49 4.67 5.47 



POSITIVE RESULTS TABLE O F  BACKGROUND SOIL SAMPLES 
RADFORD ARMY AMMUNITION PLANT 

Fdd Svmpk Numkr bG2CBLlf RGZCUCll BGtCWLl2 BGJBRW BG3BUC3 BC3BWW BGSCBUZ 
YI " '  I 

METAM (u&) 
Arxnic 12.44 9.69 14.41 
Lead 12.14 J I  43.37 J1 20.03 J1 15.18 J1 20.93 J1 228.09 J1 23.19 JI 16.48 JI 
Silver 0.05 0.55 
Ilarium 110.70 JI 131.38 J1 85.20 J1 80.7R JI 209.33 J1 286.92 J1 79.72 JI 197.48 JI 
Beryllium 1.00 2.42 3.33 0.84 1.47 1.81 0.69 2 13 
Cadmium 2.47 
Chromium 34.01 JI 45.41 J1 47 96 J1 39.17 J1 38.28 58.10 32.63 JI 52.58 
Nickel 13.46 36.22 38.01 9.57 14.83 22.81 10 56 36.23 
Mercury 0.1 1 0.19 0.09 0.07 

OTHER 
Total Organic Carbon (ug/g) 1275.51 

pH 5.97 



POSITIVE RESULTS TABLE OF BACKGROUND SOIL SAMPLES 
RADFORD ARMY AMMUNITION PLANT 

Fwld Smpk humbet BCWWCZ2 BG3CWL22 BCJBBW BCJBBLD* BGJBUCS BG4BWL4 ' BC4CBLtO BG4CUC17 . 
METALS (udd 

Arsenic 5.62 5.47 4.34 3.73 
Lead 11.82 JI 10.83 J I  23.10 J l  17.60 JI 20.44 J l  24.94 J l  22.13 JI 18.03 JI 
Silver 
Barium 107.99 JI 100.24 J l  74.61 JI 76 65 J l  244 53 J l  195.44 J l  90.21 JI 205.22 J l  
Beryllium 0.82 0.89 1.46 1.49 1.58 
Cadmium 
Chromium 3 1.29 33.94 J l  47 77 42.04 55.96 49.16 33.13 50.12 
Nickel 16.19 15.28 14.20 14.61 25.30 26.74 15.1 1 28.36 
Mercury 0.19 0.1 1 

OTHER 
Total Organic Carbon (ug/g) 1203.37 2250.30 14610.80 1666.67 

PH 6.93 7.33 7.13 7.49 

RG4BBLD is a duplicate sample of BG4BBL5 



POSITIVE RESULTS TABLE OF BACKGROUND SOlL SAMPLES 
RADFORD ARMY AMMUNITION PLANT 

Field Snmpk Number BDIWCr)* BEICWL13 BCS BUC3 WSBW W BGSCUCX BCSCWU BGSCWLD* BWBUCS 

IMEl'ALS (udd 
Arsenic 8.10 8.42 
Lead 19.24 J1 13.82 J1 5.20 J1 19.76 Jl  24.90 J1 22% JI 22.37 JI 33.18 JI 
Silver 
Barium 144.95 JI 79.22 J1 36.18 JI 186.83 J1 82.08 J I 174 97 JI 175.33 JI 62.95 Jl  
Beryllium 1.50 0.80 1.56 1.96 1.5 1 1.46 1.31 
Cadmium 
Chromium 53.1 1 28.29 30.70 JI 54.85 54.45 JI 47.63 48.85 40.47 JI 
Nickel 26.43 14.25 5.15 26.59 42.68 27 34 27.93 30.23 
Mercury 0.2 1 

OTHER 
Total Organic Carbon (uglg) 1778.32 3365.27 1980.56 

PH 7.5 1 6.99 6.2 1 

* BG4CUCD is a duplicate sample of BG4CUC 17 
* BGSCWLD is a duplicate sample of RGSCWLR 



POSITIVE RESULTS TABLE OF BACKGROUND SOIL SAMPLES 
RADFORD ARMY AMMUNlTION PLANT 

METALS (ud@ 
Arsenic 4.14 8.92 3.52 5.50 
Lead 23.67 JI 12.46 JI 18.58 JI 17.72 JI 21.93 Jl 9.63 Jl 13.37 JI 
Silver 0.08 J9 
Rarium 166.46 JI 70.51 J1 55.63 JI 99.08 JI 95.46 Jl 74.54 JI 62.63 JI 
neryllium 1.58 2.75 0.67 2.33 4.10 1.1 1 0.94 
Cadmium 
Chromium 48.83 41.47 JI 26 58 46.07 J l  52.82 JI 37.86 Jl 39.41 J1 
Nickel 26.76 37.87 13.18 29.89 47.04 18.93 16.45 
Mercury 

OTHER 
Total Organic Carbon (uglg) 2 157.83 1305.48 1275.5 1 

PH 7.03 5.08 5.09 



SUMMARY OF TOLERANCE LIMITS 
RADFORD ARMY AMMUNITION PLANT 

SWMU17A B 
SWMU17A B 
SWMU17A B 
SWMU 17A B 
SWMU 17A B 
SWMU 17A B Thallium 33.5 Poisson 
SWMU17A C 21.5 Poisson 
SWMU17A C Arsenic 11 5 Po~sson 
SWMU 17A C 
SWMU 17A C 
SWMU 17A C 
SWMU 17A C 
SWMU 17A C 
SWMU 17A C 
SWMU 17A C 
SWMU17A C 
SWMU 17A C 
SWMU 17A C Thallium 33 5 Poisson 
SWMU I7BCD B 21 0 Poisson 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 6.0 Normal 
SWMU 17BCD B 
SWMU i7BCD B 
SWMU 17BCD B Thallium 33.5 Poisson No 
SWMU 17BCD C Anumony 21.5 Po~sson No 
SWMU 17BCD C Arsenic 11.5 Poisson No 
SWMU 17BCD C Barium 6.9 Normal No 
SWMU 17BCD C Beryllium 2.3 Normal Yes 
SWMU 17BCD C Cadmum 3.5 Poisson Yes 
SWMU 17BCD C Chromium 5.0 Normal No 
SWMU 17BCD C Lead 4.2 Normal Yes 
SWMU 17BCD C Mercury 1.5 Poisson No 
SWMU 17BCD C Nickel 5 4 Nonnal No 
SWMU 17BCD C Selenium 2.5 Poisson No 
SWMUl7BCD C Silver - 1.5 Poisson No 
SWMU 17BCD C Thallium 33.5 Poisson No 



SUMMARY OF TOLERANCE LIMITS 
RADFORD ARMY AMMUNITION PLANT 

2 0 Poisson 

2.5 Poisson 

31  5 Poisson 
20 5 Poisson 

2 5 Poisson 
2 0 Poisson 
32 0 Poisson 
20 5 Poisson 

4.8 Normal 

pVM'IJ 54 C Thallium 31.5 Poisson No I 



SHAPIRO-WILK GOODNESS OF FIT TEST 

UNISON-URBAN LAND COMPLEX SOIL TYPE 

FOR SMWU 17A, 17BCD 



Arsenic soil B 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. O r d a  samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to Nl2. Enter in cell 
4. Look up cwfieicenu from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5, Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

1 x(i) x(n-i+ 1) x(n-i+ 1)-x(i) a(n-i+l ) b(i) 
1 1.47 2.67 1.20004806 0.6646 0.7975519 
2 2.1 3 2.45 0.32125697 0.24 13 0.0775 193 
3 2.44 2.44 0 0 0 
4 2.45 2.13 -0.32125697 0 0 
5 2.67 1.47 -1.20004806 0 

0.8750712 
std dev = 0.46789 17 
N =  5 
K =  2 
b =  0.8750712 
W =  0.8744522 
Critical W = 0.762 
Result = Lognmal ly  transformed data meets assumption of normality 



Arsenic Soil C 

SHAPIRO-WILK GOODNESS OF FIT TEST 

I. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to  samllest in column x(n-i-1) 
3. Compute K as the greatest integer less than or equal to N:2. Enter in cell 
4. Look up coeffieicents from table A-I in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i-I). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.6510165 
\I = 8 

= 4 
b = 2.0315191 
br = 1.391 1035 

Critical W = 0.748 
Result = Lognormally transformed data meets assumption of normality 



Barium soil B 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1.  Order samples fiom smallest to largest in column x(i) 
2. Order samples fiom largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to NR. Enter in cell 
4. Look up coefiieicents fiom table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.825904 
N =  8 
K =  4 
b = 2.0825925 
W =  0.9083463 
Critical W = 0.8 18 
Result = Lognorma!ly transformed data meets assumption of normality 



Barium soil B 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1. Orda  samples from smallest to largest in column x(i) 
2. Order samples from largest to jcmllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to Nt2. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+ 1). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Cnitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 98.987826 
N =  8 
K =  4 
b = 230.27996 
W =  0.773 1267 
Critical W = 0.8 18 
Result = Untransfomed data does not meet assumption of normality 



Barium soil C 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to Nl2. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Swn the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Cnitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.37055 19 
N =  8 
K =  4 
b = 0.9298954 
W =  0.8996471 
Critical W = 0.818 
Result = Lognormally transformed data meets assumption of normality 



Barium soil C 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

I .  Order samples from smallest tc: largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to Nl2. Enter in cell 
4. Look up coeffieicents from table A- I in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+ I). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 45.750472 
N =  8 
K =  4 
b = 105.00579 
W =  0.7525534 
Critical W = 0.8 18 
Result = Untransformed data does not meet assumption of normality 



beryllium soil B 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples 6om smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to N/2. Enter in cell 
4. Look up coeffwicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column .(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in ceU 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is wn-normal. Transform and re-test. 

std dev = 0.7006256 
N =  8 
K =  4 
b = 1.64361 76 
W =  0.786 1973 
Critical W = 0.818 
Result = Lognormally transformed data does not meet assumption of normality 



beryllium soil B 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

I .  Order samples ffom smallest to largest in column x(i) 
2. Order samples ffom largest to samllest in column x(n-i+ I) 
3. Compute K as the greatest integer less than or equal to NO. Enter in cell 
4. Look up coeffieicents ffom table A- 1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.6123102 
N =  8 
K =  4 
b =  1.595779 
W =  0.9702964 
Critical W = 0.8 18 
Result = Untransformed data meets assumption of normality 



beryllium soil C 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples fiom smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to NO. Enter in cell 
4. Look up coeffieicents from table A- 1 in EPA Statistical Course for GW Monitoring. 
P U ~  into column a(n-i+ i 1. 
5. Sum the values in column Mi) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.591 1619 
N =  8 
K =  4 
b =  1.5 137568 
W =  0.9367016 
Critical W = 0.8 18 
Result = Lognormally transformed data meets assumption of normality 



beryllium soil C 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to NO. Enter in cell 
4. Look up coefieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 1.169182 
N =  8 
K =  4 
b =  3.0408836 
W =  0.9663564 
Critical W = 0.818 
Result = Untransformed data meets assumption of normality 



Chromium soil B 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+ 1) 
3. Compute K as the greatest integer less than or equal to Nl2. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+ 1). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.2 17995 
N =  8 
K =  4 
b =  0.557392 1 
W =  0.9339647 
Critical W = 0.8 18 
Result = Lognormally transformed data meets assumption of normality 



Chromium soil B 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1. Order samples from smallest to largest in column x(i) 
2. Order samples 6om largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to NQ. Enter in cell 
4. Look up coeffieicents from table A- l in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l ). 
5. Sum the values in column Mi) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 9.4759327 
N =  8 
K =  4 
b =  24.506396 
W =  0.9554697 
Critical W = 0.8 18 
Result = Untransformed data meets assumption of normality 



Chromium soil C 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples h r n  smallest to largest in column x(i) 
2. Order samples fiom largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to N/2. Enter in cell 
4. Look up coeffieicents fiom table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.2032647 
N =  8 
K =  4 
b =  0.5 135743 
W= 0.91 19788 
Critical W = 0.8 18 
Result = Lognormally transformed data meets assumption of normality 



Chromium soil C 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1. Order samples fiom smallest to largest in column x(i) 
2. Order samples fiom largest to sarnllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to N/2. Enter in cell 
4. Look up coefieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 8.7839255 
N =  8 
K =  4 
b = 22.575391 
W =  0.9436 159 
critical W = 0.8 18 
Result = Untransformed data meets assumption of normality 



Lead horizon 6 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to Nl2. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+ I ) .  
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 1.0448547 
N =  8 
K =  4 
b = 2.5425256 
W =  0.8459035 
Critical W = 0.818 
Result = Lognormally transformed data meets assumption of normality 



Lead horizon B 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1. Order samples fkom smallest to largest in column x(i) 
2. Order samples h m  largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to Nt2. Enter in cell 
4. Look up coefieicents fkom table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 9.4759327 
N =  8 
K =  4 
b =  24.506396 
W =  0.9554697 
Critical W = 0.818 
Result = Untransformed data meets assumption of normality 



Lead horizon C 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples fiom smallest to largest in column x(i) 
2. Order samples fiom largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to N12. Enter in cell 
4. Look up coeffieicents fiom tat;.: A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crlitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.3 106604 
N =  8 
K =  4 
b =  0.8136915 
W =  0.980053 
Critical W = 0.818 
Result = Lognormally transformed data meets assumption of normality 



Lead horizon C 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to NL!. Enter in cell 
4. Look up coeffieicents fi-om table A- 1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Tiansfom and re-test. 

std dev = 8.7839255 
N =  8 
K =  4 
b =  22.575391 
W =  0.9436159 
Critical W = 0.818 
Result = Untransformed data meets assumption of normality 



Nickel horizon B 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples fiom smallest to largest in column x(i) 
2. Order samples fiom largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to Nl2. Enter in cell 
4. Look up coeffieicents from table A- l in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.6065954 
N =  8 
K =  4 
b =  1.4 147403 
W =  0.7770647 
Critical W = 0.8 18 
Result = Lognormally transformed data does not meet assumption of normality 



Nickel horizon 6 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to NL?. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+ I). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 9.075745 1 
N =  8 
K =  4 
b =  22.5532 12 
W =  0.8821739 
Critical W = 0.8 18 
Result = Untmsformed data meets assumption of normality 



Nickel horizon C 

SHAPIRO-WILK GOODNESS OF FIT TEST 

I. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to NQ. Enter in cell 
4. Look up coefieicents from table A- 1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column Mi) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.4163 123 
N =  8 
K =  4 
b =  1.000446 
W= 0.824994 1 
Critical W = 0.8 18 
Result = Lognormally transformed data meets assumption of normality 



Nickel horizon C 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples fiom smallest to largest in column x(i) 
2. Order samples fiom largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to ND. Enter in cell 
4. Look up coefieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 1 1.5 16846 
N =  8 
K =  4 
b = 28.738305 
W =  0.889523 
Critical W = 0.8 18 
Result = Untransformed data meets assumption of normality 



SHAPIRO-WILK GOODNESS OF FTI' TEST 

WHEELING SANDY LOAM SOIL TYPE 

FOR SMWU 31,54 



Barium soil B 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to N/2. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+ 1). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

I x(i) x(n-i+ 1) x(n-i+ 1)-x(i) a(n-i+ 1) b(i) 
1 4.38 5.28 0.89674806 0.643 1 0.5766987 
2 4.7 1 5.23 0.52338181 0.2806 0.1468609 
3 4.97 5.11 0.14447794 0.0875 0.0126418 
4 5.1 1 4.97 -0.14447794 0 
5 5.23 4.71 -0.52338181 0 
6 5.28 4.38 -0.89674806 0 

0.7362014 
std dev = 0.3456863 
N =  6 
K =  3 
b = 0.7362014 
W =  0.9071079 
Critical W = 0.788 
Result = Lognormally transformed data meets assumption of normality 



Barium soil B 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to N/2. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

I x(i) x(n-i+ 1) x(n-i+ 1)-x(i) a(n-i+ 1) b(i) 
1 79.72 195.44 1 15.723365 0.643 1 74.421696 
2 110.70 '86.83 76.1292348 0.2806 21.361863 
3 144.07 166.46 22.393353 1 0.0875 1.9594184 
4 166.46 ''4.'' -22.393353 1 0 
5 186.83 110.70 -76.1292348 0 
6 195.44 79.72 -1 15.723365 0 

97.742977 
std dev = 45.087632 
N =  6 
K =  3 
b = 97.742977 
W =  0.93991 
Critical W = 0.788 
Result = Untransformed data meets assumption of normality 



Barium soil C 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to Nl2. Enter in cell 
4. Look up coeffieicents from table A- 1 in EPA Statistical Course for GW M o n i t o ~ g .  
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical Win Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.3803367 
N =  6 
K =  3 
b = 0.8268823 
W =  0.9453246 
Critical W = 0.788 
Result = Lognonnally transformed data meets assumption of normality 



Barium soil C 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1. Order samples fiom smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to Nl2. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 40.954097 
N =  6 
K = 3 
b = 84.858065 
W =  0.8586606 
Critical W = 0.788 
Result = Untransformed data meets assumption of normality 



beryllium soil B 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples from smallest to largest in column x(i) 
2. Order samples h m  largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to ND. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+ 1). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

I x(i) x(n-i+ 1) x(n-i+ 1 )-x(i) a(n-i+ 1) b(i) 
1 -0.377877 0.4563473 0.83422443 0.643 1 0.5364897 
2 -0.0036 12 0.4426878 0.44630008 0.2806 0.12523 18 
3 0.3966333 0.4222722 0.02563895 0.0875 0.0022434 
4 0.4222722 0.3966333 -0.02563895 0 
5 0.4426878 -0.003612 -0.44630008 0 
6 0.4563473 -0.377877 -0.83422443 0 

0.6639649 
std dev = 0.342046 1 
N =  6 
K =  3 
b =  0.6639649 
W =  0.7536 175 
Critical W = 0.788 
Result = Lognormally transformed data does not meet assumption of normality 



beryllium soil B 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1. Order samples h m  smallest to largest in column x(i) 
2. Order samples h m  largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to NQ. Enter in cell 
4. Look up coefieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+ 1). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less thaa critical W, 
the distribution is non-normal. Transform and re-test. 

i x(i) x(n-i+l) x(n-i+ 1 >x(i) a(n-i+l) b(i) 
1 0.69 1-58 0.89298367 0.643 1 0.5742778 
2 1.00 1.56 0.56049195 0.2806 0.157274 
3 1.49 1.53 0.038613 14 0.0875 0.0033786 
4 1.53 1.49 -0.03861314 0 
5 1.56 1.00 -0.56049195 0 
6 1.58 0.69 -0.89298367 0 

0.6639649 
std dev = 0.3739058 
N =  6 
K =  3 
b =  0.6639649 
W= 0.630661 
Critical W = 0.788 
Result = Untransformed data does not meet assumption of normality 



beryllium soil C 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples fiom smallest to largest in column x(i) 
2. Order samples fiom largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to NL!. Enter in cell 
4. Look up coeftieicents fiom tab!e A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.2727758 
N =  6 
K =  3 
b =  0.5637949 
W= 0.8543987 
Critical W = 0.788 
Result = Lognormally transformed data meets assumption of normality 



beryllium soil C 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to NL?. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+ 1). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.2923 879 
N =  6 
K =  3 
b =  0.5744987 
W= 0.772 1282 
Critical W = 0.788 
Result = Untransformed data does not meet assumption of normality 



Chromium horizon B 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to N12. Enter in cell 
4.  Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

I x(i) x(n-i+l) x(n-i+ 1)-x(i) a(n-i+ 1) b(i) 
1 3.49 4.00 0.51925194 0.643 1 0.3339309 
2 3.53 3.90 0.36830934 0.2806 0.1033476 
3 3.76 3.89 0.1248102 0.0875 0.0109209 
4 3.89 3.76 -0.1248102 0 
5 3.90 3.53 -0.36830934 0 
6 4.00 3.49 -0.51925 194 0 

0.4481994 
std dev = 0.21 18383 
N =  6 
K =  3 
b = 0.448 1994 
W =  0.8952898 
Critical W = 0.788 
Result = Lognormally transformed data meets assumption of normality 



Chromium horizon B 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to Nl2. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+ 1). 

5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7 .  Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

i x(i) x(n-i+ 1) x(n-i+ 1)-x(i) a(n-i+ 1) b(i) 
1 32.63 54.85 22.2 162659 0.643 I 14.28728 1 
2 34.01 '9.16 15.1462498 0.2806 4.2500377 
3 43.10 48.83 5.72933299 0.0875 0.5013 166 
4 48.83 43.10 -5.72933299 0 
5 49.16 34.01 - 15.1462498 0 
6 54.85 32.63 -22.2 162659 0 

19.038635 
std dev = 8.91 12582 
N =  6 
K = 3 
b = 19.038635 
W =  0.9129007 
Critical W = 0.788 
Result = Untransformed data meets assumption of normality 



Chromium horizon C 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples from smallest to largest in column x(i) 
2. Order samples fiom largest to sarnllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to Nl2. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l ). 
5. Sum the values in column b(i) and enter in cell 
6 .  Enter N in cell 
7. Compare W statistic to Crtitical Win Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

I x(i) x(n-i+ I) x(n-i+ 1)-x(i) a(n-i+ 1) b(i) 
1 3.28 3.86 0.58344567 0.643 1 0.3752139 
2 3.34 3.67 0.32528638 0.2806 0.0912754 
3 3.52 3.64 0.1 1231 1 1 0.0875 0.0098272 
4 3.64 3.52 -0.1123111 0 
5 3.67 3.34 -0.32528638 0 
6 3.86 3.28 -0.58344567 0 

0.4763 165 
std dev = 0.2173526 
N = 6 
K = 3 
b = 0.4763 165 
W =  0.9604872 
Critical W = 0.788 
Result = Lognormally transformed data meets assumption of normality 



Chromlum horizon C 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1 .  Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3 .  Compute K as the greatest integer less than or equal to N/2. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5 .  Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

I x(i) x(n-i+ 1) x(n-i+ 1)-x(i) a(n-i+l) b(i) 
1 26.58 47.63 21.0540463 0.643 1 13.539857 
2 28.29 3917  10.8760648 0.2806 3.05 18238 
3 33.94 37.97 4.03354604 0.0875 0.3529353 
4 37.97 33.94 -4.03354604 0 
5 39.17 28.29 - 10.8760648 0 
6 47.63 26.58 -2 1.0540463 0 

16.9446 16 
std dev = 7.7547526 
N =  6 
K = 3 
b = 16.944616 
W =  0.9548993 
Critical W = 0.788 
Result = Untransformed data meets assumption of normality 



Lead horizon B 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples fiom smallest to largest in column x(i) 
2. Order samples fiom largest to samllest in column x(n-i+l) 
3. Compute K as the greatest intefer less than or equal to N/2. Enter in cell 
4. Look up coeffieicents fiom table A- 1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+ I). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.3533872 
N =  6 
K =  3 
b =  0.7101374 
W =  0.80763 13 
Critical W = 0.788 
Result = Lognormally transformed data meets assumption of normality 



Lead horizon B 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1. Order samples fiom smallest to largest in column x(i) 
2. Order samples fiom largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to NL?. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 6.0227659 
N =  6 
K =  3 
b =  12.304209 
W =  0.8347289 
Critical W = 0.788 
Result = Untransformed data meets assumption of normality 



Lead horizon C 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest ta samllest in column x(n-i+1) 
3. Compute K as the greatest integer less than or equal to Nl2. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+1). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Critical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 0.257596 
N =  6 
K = 3 
b = 0.575366 
W =  0.997796 
Critical W = 0.788 
Result = Lognormally transformed data meets assumption of normality 



Lead horizon C 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+l) 
3. Compute K as the greatest integer less than or equal to N12. Enter in cell 
4. Look up weflieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Puteinto column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Critical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 4.17581 
N =  6 
K = 3 
b = 9.28244 1 
W= 0.988264 
Critical W = 0.788 
Result = Untransformed data meets assumption of normality 



Nickel horizon B 

SHAPIRO-WILK GOODNESS OF FIT TEST 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+ 1) 
3. Compute K as the greatest integer less than or equal to N/2. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

i x(i) x(n-i+ 1) x(n-i+ 1)-x(i) a(n-i+l) b(i) 
1 2.36 3.29 0.92977917 0.643 1 0.597941 
2 2.60 3.29 0.68627194 0.2806 0.1925679 
3 3.05 3.28 0.23278519 0.0875 0.0203687 
4 3.28 3.05 -0.23278519 0 
5 3.29 2.60 -0.68627194 0 
6 3.29 2.36 -0.92977917 0 

0.8 108776 
std dev = 0.40378 16 
N =  6 
K =  3 
b =  0.8108776 
W =  0.8065803 
Critical W = 0.788 
Result = Lognonnally transformed data meets assumption of normality 



Nickel horizon B 

SHAPIRO-WILK GOODNESS OF FIT TEST ON UNTRANSFORMED DATA 

1. Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i+ I) 
3. Compute K as the greatest integer less than or equal to N/2. Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+ 1). 
5. Sum the values in column b(i) and enter in cell 
6 .  Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

std dev = 7.25274 
N =  6 
K =  3 
b = 14.625382 
W =  0.8132802 
Critical W = 0.788 
Result = Untransformed data meets assumption of normality 



Nickel horizon C 

SHAPIRO-R'ILK GOODNESS OF FIT TEST 

1 .  Order samples from smallest to  largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i-1) 
3. Compute K as the greatest integer less than or equal to N.2.  Enter in cell 
4. Look up coeffieicents from table A-1 in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Crtitical W in Table A-2 in same guidance. If W is less than critical W, 
the distribution is non-normal. Transform and re-test. 

I x(i) ( n + )  ( n - i + l ) - ( i )  a(n-i+l ) b(i) 
I 2.26 3.3 1 1.0195 I365 0.643 1 0.6749122 
2 2.58 2.73 0.138355 1 0.2806 0 0316283 
3 2.62 2.66 0 03351745 0.0875 0.0029328 
3 2.66 2.62 -0.0335 1735 0 
5 2.73 2.58 -0.1483551 0 
6 3.: 1 2.26 -1.0395 1365 0 

0.71 95033 
std dev = 0.34279 
N =  6 
K = 3 
b = 0 7195034 
\4' = 0.881 1289 
Critical U' = 0.788 
Rrsulr = Lognormally transformed data meets assun~ption of normalit\ 



Ntckel horizon C 

SHAPIRO-&'ILK GOODNESS OF FIT TEST ON ISNTRANSFORhtED DATA 

1.  Order samples from smallest to largest in column x(i) 
2. Order samples from largest to samllest in column x(n-i-I) 
3. Compute K as the greatest integer less than or equal to N'3. Enter in cell 
4. Look up coeffieicents from table A-I in EPA Statistical Course for GW Monitoring. 
Put into column a(n-i+l). 
5. Sum the values in column b(i) and enter in cell 
6. Enter N in cell 
7. Compare W statistic to Cnitical W in Table A-2 in same guidance. If VI' is less than critical W. 
the distribution is non-normal. Transform and re-test. 

I x(i) x(n-i.- I ) s(n-+I)-x(i) a(n-i+1) 
1 9 57 2'3' 17.7674004 0.613 3 1 1.4162 15 
7 13.18 - 15.28 1.1071 1608 0.1806 0.5912568 
, 13.76 I-'-" 0.4698604 1 0.0875 0.03 1 1 128 
3 14.25 1 3 7 8  -0.46986041 0 
5 15 .48  ' 3 . ' '  -2.107 1 1608 0 

6 27 34 9 s7  - 17.7673004 0 
17.058585 

std dev = 6.0863135 
x =  6 

= 3 
b = 11.058585 
i\* = 0.78505 19 
Critical VI' = 0.788 
Result = Untransformed data does not meet assumption of normality 



TOLERANCE LIMIT CALCULATIONS 



SUMMARY OF TOLERANCE LIMITS 
RADFORD ARMY AMMUNITION PLANT 

SWMU17A B 
SWMU 17A B 
SWMU17A B 
SWMU 17A B 
SWMU17A B 
SWMU 17A B 
SWMU 17A B 
SWMU 17A B 
SWMU 17A B Thallium 33.5 Poisson 
SWMU 17A C 21.5 Poisson 
SWMU17A C Arsenic 11 5 Poisson 
SWMU 17A C 
SWMU17A C 
SWMU 17A C 
SWMU 17A C 
SWMU17A C 
SWMU17A C 
SWMU 17A C 
Swhfu 17A C 
SWMU17A C 
SWMU17A C Thallium 33 5 Poisson 
SWMU 17BCD B Anurnon?. 21.0 Poisson 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B 
SWMU 17BCD B Thallium 33.5 Poisson No 
SWMU 17BCD C Antimony 2 1.5 Poisson No 
SWMU 17BCD C Arsenic 11.5 Poisson No 
SWMU 17BCD C Barium 6.9 Normal No 
SWMU 17BCD C Beryllium 2.3 Normal Yes 
SWMU 17BCD C Cadmium 3.5 Poisson Yes 
SWMU 17BCD C Chromium 5.0 Normal No 
SWMU 17BCD C Lead 4.2 Normal Yes 
SWMU 17BCD C Mercury 1.5 Poisson No 
SWMU 17BCD C Nickel 5.4 Normal No 
SWMU 17BCD C Selenium 2.5 Poisson No 
SWMU 17BCD C Silver 1.5 Poisson No 
SWMU 17BCD C Thallium 33.5 Poisson No 



SUMMARY OF TOLERANCE LIMITS 
IUDFORD ARMY AMMUNITION PLANT 

V P P ~  
Tolenace Tdeturce 

Soil H o r h a  Soit M e s  Canstihrent *it Limit Type Exceedance? 
SWMU 31 C Antimony 20.5 Poisson No 
SWMU 31 C Arsenic 7.0 Poisson No 
SWMU 31 C Barium 7.1 N o d  No 
SWMU 31 C Beryllium .5 N o d  No 
SWMU 31 C Cadnuum 3.5 Poisson No 
SWMU 31 C Chromium 4.8 N o d  No 
SWMU 31 C Lead 4.1 N o d  No 
SWMU 31 C M e r q  2.0 Poisson No 
SWMU 31 C Nickel 4.3 N o d  No 
SWMU 31 C Selenium 2.5 Poisson No 
SWMU 31 C Silver 1.5 Poisson No 
SWMU 31 C Thallium 3 1.5 Poisson No 
SWMU 54 B Antimony 20.5 Poisson No 
SWMU 54 B Arseruc 6.5 Poisson No 
SWMU 54 B Barium 7.4 N o d  No 
SWMU 54 B Beryllium 5.0 Poisson No 
SWMU 54 B Cadnuum 3.5 Poisson Yes 
SWMU 54 B Chromium 5.0 N o d  No 
SWMU 54 B Lead 4.7 N o d  Yes 
SWMU 54 B Mercury 1.5 Poisson Yes 
SWMU 54 B Nickel 5.0 N o d  No 
SWMU 54 B Selenium 2.5 Poisson No 
SWMU 54 B Silver 2.0 Poisson No 
SWMU 54 B Thallium 32.0 Poisson No 
SWMU 54 C Antimony 20.5 Poisson No 
SWMU 54 C Arsenic 7.0 Poisson No 
SWMU 54 C Barium 7.1 N o d  No 
SWMU 54 C Beryllium .5 Nonnal Yes 
SWMU 54 C Cadmium 3.5 Poisson No 
SWMU 54 C Chromium 4.8 N o d  No 
SWMU 54 C Lead 4.1 N o d  Yes 
SWMU 54 C Mercury 2.0 Poisson No 
SWMU 54 C Nickel 4.3 N o d  No 
SWMU 54 C Selenium 2.5 Poisson No 
SWMU 54 C Silver 1.5 Poisson No 
SWMU 54 C Thallium 3 1.5 Poisson No 



Antimony soil B 

Poisson-based Tolerance Limit (K) Calculation for Antimon~f soil horizon B, SWMU 17A 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
17ASB 105 77.95 2 1 Yes 
17ASB205 12.21 2 1 No 
17ASB305 14.83 2 1 No 

Tn 100.91 
2Tn+2 203.88 
Chi Square (2Tn+2) 238.191 
n 8 
Lambda Tn 14.886938 
2(Lambda Tn) 29.773875 
Chi SquareO.O5[2K+2]>= 29.773875 
[2K+2] = 44 
K = 2 1  



Antimon). soil C 

Poisson-based Tolerance Limit (K) Calculation for Antimon)'soil horizon C. S k N U  17A 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K42] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (I :Zn)*((Chi Square at alpha) of (2Tn+2) 
W'here 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here. 0.05) 

FSampNo Value Limit Limit Exceeded? 
I7ASBIIO 12.42 2 1.5 N o 

Tn I01 .34 
2Tn+2 204.68 
Chi Square (2Tn+2) 239.056 
n 8 
Lambda Tn 14.94 1 
2(Lambda Tn) 29.882 
Chi SquareO.O5[2K+2]>= 29.882 
[ZK+2] = 45 
K=21 .5  



Arsenic horizon B 

Poisson-based Tolerance Limit (K) Calculation for Arsenic soil horizon B, S W U  17A 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= Z(Lambda of Tn) 
Where 
Lambda of Tn = (112n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here. 0.05) 

FSampNo Value Limit Limit Exceeded? 
17ASB105 94.87 5.5 Yes 
17ASB205 7.33 5.5 Yes 
17ASB305 6.70 5.5 Yes 

Tn 55.13 
2Tn+2 112.26 
Chi Square (ZTn+2) 137.988 
n 8 
Lambda Tn 8.62425 
Z(Lambda Tn) 17.2485 
Chi SquareO.O5[2K+2]>= 17.2485 
[ZK+2] = 13 
K = 5.5 



Arsenic horizon C 

Poisson-based Tolerance Limit (K) Calculation for Arsenic soil horizon C, SWMU 17A 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here. 0.05) 

FSampNo Value Limit Limit Exceeded? 
I7ASB I I0 9.30 11.5 N o 
17ASB2 10 1.50 11.5 No 
I7ASB3 10 7.5 1 11.5 No 
17ASB115 13.50 11.5 Yes 
17ASB2 15 8.98 11.5 N o 
I7ASB3 15 4.64 11.5 No 
17ASB 120 16.69 11.5 Yes 
17ASB220 I .92 11.5 No 
17ASB32O 3.75 11.5 No 
17ASB 122 1.64 11.5 N o 
17ASB225 1.79 11.5 No 
17ASB325 1.37 11.5 N o 
17ASB340 3.30 11.5 No 

Tn 43.70 
2Tn+2 89.40 
Chi Square (2Tn+2) 112.471 
n 8 
Lambda Tn 7.0294375 
2(Lambda Tn) 14.058875 
Chi SquareO.O5[2K+2]>= 14.058875 
[2K+2] = 25 
K =  11.5 



Barium horizon B 

Normal Tolerance Limit (K)  Calculation for Barium soil horizon B. SN'hIU 17A 

K =average+ t((N- 1 ),alpha)*SQRT( 1 +(I M ) )  average 4.39 
W e r e  std. dev.. 0.83 
t = Critical value of Student's t distribution t 1.895 
N = Sample size N 8 
alpha = Probab i l i~  level test is conducted at (here, 0.05) K 6.39995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17ASB 105 8.54 9.7019594 5128.21 16349.6 1 No 



Barium horizon C 

Normal Tolerance Limit (K) Calculation for Barium soil horizon C 

K =averagei t((N- l),alpha)*SQRT(I +(I /N)) average 4.5 1 
Where std. dev. 0.37 
t = Critical value of Student's t distribution t 3.895 
N = Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 6.5 1995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
I7ASBI 10 4.15 6.92238 19 63.12 1014.7341 No 
17ASB2 10 4.33 6.9223819 75.69 1014.7341 No 
17ASB3 I0 4.84 6.92238 19 126.39 1014.7341 No 
I7ASBI I5 4.24 6.9223819 69.20 1014.7341 No 
17ASB2 15 4.46 6.92238 19 86.91 1014.7341 No 
17ASB3 15 3.81 6.9223819 45.16 1014.7341 No 
I7ASB120 4.24 6.92238 19 69.36 1014.7341 No 
17ASB220 4.90 6.9223819 134.25 1014.7341 No 
17ASB320 3.97 6.9223819 52.97 1014.7341 No 
1 7ASB 122 4.27 6.92138 19 7 1.50 1014.7341 No 
17ASB225 2.26 6.92238 19 9.56 1014.7341 No 
17ASB325 4.00 6.9223819 54.7 1 1014.7341 No 
17ASB340 3.54 6.922381 9 34.58 1014.7341 No 



Beqllium horizon B 

Poisson-based Tolerance Limit (K) Calculation for Beq~llium soil horizon B, SWMU 17A 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (liZn)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
17ASB 105 1.65 4.5 No 

Tn 10.67 
2Tn+2 23.34 
Chi Square (2Tn+2) 35.5955 
n 8 
Lambda Tn 2.2247 188 
2(Lambda Tn) 4.4494375 
Chi SquareO.O5[2K+2]>= 4.4494375 
[2K+2] = 1 1  
K = 4.5 



Beryllium horizon C 

Normal Tolerance Limit (K) Calculation for Ber)lliurn soil horizon C, SU'MU 17A 

K =average+ t((N-l),alpha)*SQRT(I +( IN))  average 0.7 
Where std. dev. 0.59 
t = Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 2.70995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
I7ASBI I0 0.80 2,298871 I 2.22 9.962929 No 



Cadmium soil B 

Poisson-based Tolerance Limit (K) Calculation for Cadmium soil horizon B, SUWU 17A 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (I /Zn)*((Chi Square at alpha) of (2Tn-2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here. 0.05) 

FSampNo Value Limit Limit Exceeded? 
I7ASBIOS 13.72 3 .5 Yes 
17ASB205 0.75 3.5 N o 
17ASB305 0.91 3.5 No 

Tn 6.2 
2Tn+2 14.40 
Chi Square (2Tn+2) 24.2 105 
n 8 
Lambda Tn 1.5131563 
2(Larnbda Tn) 3.0263 125 
Chi SquareO.O5[2K+2]>= 3.0263 125 
[ZK+2] = 9 
K = 3.5 



Cadmium soil C 

Poisson-based Tolerance Limit (K) Calculation for Cadmium soil horizon C. SWMU 17A 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tni2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
I7ASBllO 0.76 3.5 No 

Tn 6.23 
2Tn+2 14.46 
Chi Square (2Tn+2) 24.2892 
n 8 
Lambda Tn 1.5 18075 
2(Lambda Tn) 3.03615 
Chi SquareO.O5[2K+2]>= 3.036 15 
[2K+2] = 9 
K = 3.5 



Chromium soil B 

Normal Tolerance Limit (K) Calculation for Chromium soil horizon B. SU'MU 17A 

K =average- t((N-l).alpha)*SQRT(I+(l N ) )  average 3.82 
M e r e  std. dev. 0.22 
t = Critical value of Student's t distribution t 1.895 
N = Sample size N 8 
alpha = Probabil i~.  level test is conducted at (here, 0.05) K 5.82995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17ASB 105 7.63 5.1025892 205 1.28 164.44715 Yes 
17ASB205 3.85 5.1025892 46.82 164.44715 No 
17ASB305 3.98 5.1025892 53.71 164.44715 No 



Chromium soil C 

Normal Tolerance Limit (K) Calculation for Chromium soil horizon C, SWMU 17A 

K =average+ t((N- 1 ),alpha)*SQRT( I +(I IN)) average 3.83 
Where std. dev. 0.2 
1 = Critical value of Student's t distribution t 1.895 
N = Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 5.83995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
I7ASBI I0 4.02 4.9979902 55.5 1 148.11518 No 
17ASB2 10 3.91 4.9979902 49.70 148.11518 No 
17ASB3 10 4.37 4.9979902 79.33 148.11518 No 
17ASB115 4.00 4.9979902 54.72 148.11518 No 
17ASB2 15 4.45 4.9979902 86.01 148.11518 No 
17ASB3 15 4.33 4.9979902 75.99 148.11518 No 
17ASB I20 4.01 4.9979902 54.92 148.11518 No 
l7ASB22O 4.81 4.9979902 122.27 148.11518 No 
17ASB320 2.85 4.9979902 17.25 148.11518 No 
17ASB 122 4.23 4.9979902 68.50 148.11518 No 
1 7ASB225 2.02 4.9979902 7.56 148.11518 No 
17ASB325 3.12 4.9979902 22.59 148.11518 No 
17ASB340 3.82 4.9979902 45.44 148.11518 No 



Lead horizon B 

Normal Tolerance Limit (K) Calculation for Lead soil horizon B, SWMU 17A 

K =average+ t((N- l ),alpha)*SQRT(I+(I/N)) average 3.24 
Where std. dev. 1.04 
t = Critical value of Student's t distribution t 1.895 
N = Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 5.24995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 

I 7ASB I 05 8.57 8.6999491 5256.4 1 6002.6065 No 
17ASB205 3.27 8.6999491 26.28 6002.6065 No 
17ASB305 3.30 8.6999491 27.08 6002.6065 No 



Lead horizon C 

Normal Tolerance Limit (K) Calculation for Lead soil horizon C, SU'MU 17A 

K =average- t((N-1 ).alpha)*SQRT(I +(I IN))  average 2.71 
Where std. dev. 0.3 l 
t = Critical value of Student's t distribution t 1.895 
N = Sample size N 8 
alpha = Probability level test is conducted at (here. 0.05) K 4.7 1995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
I7ASBI I0 4.62 4.173 1848 101.39 64.92 1888 Yes 

No 
N 0 

N 0 

Yes 
N 0 

Yes 
No 
No 
N 0 

Yes 
N 0 

No 



Mercury. horizon B 

Poisson-based Tolerance Limit (K) Calculation for Mercury soil horizon B. Sb'MU 17A 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K-2]>= Z(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here. 0.05) 

Tn 0.76 
2Tn+2 3.52 
Chi Square (2Tn+2) 8.69852 
n 8 
Lambda Tn 0.5436575 
2(Lambda Tn) 1.0873 15 
Chi SquareO.O5[3K+2]>= 1.0873 15 
[2K+2] = 5 
K = 1.5 

FSampNo Value Limit Limit Exceeded? 
17ASB 105 0.29 1.5 No 
17ASB205 0.18 1.5 No 
17ASB305 0.18 1.5 No 



Mercuq. horizon C 

Poisson-based Tolerance Limit (K) Calculation for Mercun. soil horizon C, SWMU 17A 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [?Kc21 >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (I :2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
I7ASBI I0 0.14 1.5 No 

Tn 0.63 
2Tn+2 3.26 
Chi Square (2Tn+2) 8.26084 
n 8 
Lambda Tn 0.5 163025 
2(Lambda Tn) I .032605 
Chi SquareO.O5[2K+2]>= 1.032605 
[2K+2] = 5 
K =  1.5 



Nickel horizon B 

Normal Tolerance Limit (K) Calculation for Nickel soil horizon B, S b M U  17A 

K =average+ t((N- 1 ),alpha)*SQRT(I +(I N))  average 2.97 
Where std. dev. 0.61 
t =  Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 4.97995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17ASB105 6.81 6.0077701 902.56 406.5757 Yes 
17ASB205 3.26 6.0077701 26.15 406.5757 N o 
17ASB305 3.55 6.0077701 34.64 406.5757 No 



Nickel horizon C 

Normal Tolerance Limit (K) Calculation for Nickel soil horizon C, SbWU 17A 

K =averagei t((N- l ),alpha)* SQRT( I +(I m)) average 3.24 
U'here std. dev. 0.42 
t = Critical value of Student's t distribution t 1.895 
N = Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 5.24995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
I7ASBI I0 3.2 1 5.4449794 24.84 233.59252 No 
I7ASB2 I0 3.32 5.4449794 27.78 231.59252 No 
I7ASB3 10 4.27 5.4449794 7 1 .26 231.59252 No 
17ASB115 3.37 5.4449794 29.20 233.59252 No 
I 7ASB2 I 5 4.04 5.4449794 56.83 231.59252 No 
17ASB3 15 3.60 5.4449794 36.43 231.59252 No 
17ASB120 3.1 9 5.4449794 24.28 231.59252 No 
17ASB220 4.37 5.4449794 78.96 231.59252 No 
17ASB320 1.84 5.4449794 6.30 231.59252 No 
17ASB 122 3.35 5.4449794 28.37 231.59252 No 
17ASB225 1.8 1 5.4449794 6.12 231.59152 No 
17ASB325 2.39 5.4449794 10.90 231.59252 No 
I7ASB340 3.17 5.4449794 23.7 1 231.59252 No 



Selenium horizon B 

Poisson-based Tolerance Limit (K) Calculation for Selenium soil horizon B, SWMU 17A 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (112n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
1 7ASB 105 0.29 2.5 No 
17ASB205 0.28 2.5 No 
17ASB305 0.34 2.5 N o 

Tn 2.34 
2Tn+2 6.68 
Chi Square (2Tn+2) 13.5992 
n 8 
Lambda Tn 0.84995 
Z(Lambda Tn) 1.6999 
Chi SquareO.O5[2K+2]>= 1.6999 
[2K+2] = 7 
K = 2.5 



Selenium horizon C 

Poisson-based Tolerance Limit (K) Calculation for Silver soil horizon C, SWMU 17A 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (I /2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
17ASB I 10 0.29 2.5 No 
I7ASB2 I0 0.27 2.5 No 
I7ASB3 I0 0.33 2.5 No 
17ASB 1 15 0.28 2.5 No 
17ASB2 15 0.33 2.5 No 
17ASB3 15 0.3 1 2.5 No 
I7ASBI2O 0.28 2.5 No 
17ASB220 0.35 2.5 N o 
17ASB32O 0.25 2.5 N o 
17ASB122 0.3 2.5 No 
17ASB225 0.32 2.5 No 
17ASB325 0.25 2.5 No 
17ASB340 0.25 2.5 No 

Tn 2.34 
2Tn+2 6.68 
Chi Square (2Tn+2) 13.5992 
n 8 
Lambda Tn 0.84995 
2(Lambda Tn) 1.6999 
Chi SquareO.O5[2K+2]>= 1.6999 
[2K+2] = 7 
K = 2.5 



Silver horizon B 

Poisson-based Tolerance Limit (K) Calculation for Silver soil horizon B, SWMU 17A 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (I/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit LimitExceeded? 
17ASB105 42.3 1 1.5 Yes 
1 7ASB205 0.0 1 1.5 N o 
17ASB305 0.0 1 I .5 No 

Tn 0.18 
2Tn+2 2.36 
Chi Square (2Tn+2) 6.67 165 
n 8 
Lambda Tn 0.4 16978 1 
2(Lambda Tn) 0.8339563 
Chi SquareO.O5[2K+2]>= 0.8339563 
[2K+2] = 5 
K = 1.5 



Silver horizon C 

Poisson-based Tolerance Limit (K) Calculation for Silver soil horizon C, SWMU 17A 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1 /2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here. 0.05) 

FSampNo Value Limit Limit Exceeded? 
I7ASBI I0 0.39 I .5 N o 
I7ASB2 I0 0.005 1.5 No 
I7ASB3 10 0.01 1.5 N o 
17ASB115 0.01 1.5 No 
17ASB215 0.01 1.5 No 
17ASB3 15 0.01 1.5 No 
17ASB120 2.12 1.5 Yes 
17ASB220 0.0 1 1.5 N o 
I7ASB32O 0.005 1.5 No 
17ASB122 0.01 I .5 No 
17ASB225 0.0 1 1.5 No 
17ASB325 0.005 1.5 N o 
17ASB340 0.005 1.5 N o 

Tn 0.215 
2Tn+2 2.43 
Chi Square (2Tn+2) 6.80037 
n 8 
Lambda Tn 0.425023 1 
2(Lambda Tn) 0.8500463 
Chi SquareO.O5[2K+2]>= 0.8500463 
[2K+2] = 5 
K = 1.5 



Thallium Horizon B 

Poisson-based Tolerance Limit (K) Calculation for Thallium soil horizon B, SWMU 17A 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here. 0.05) 

FSampNo Value Limit Limit Exceeded? 
17ASB105 21.99 33.5 N o 

Tn 176.62 
2Tn+2 355.24 
Chi Square (2Tn+2) 400.19 
n 8 
Lambda Tn 25.01 1875 
2(Lambda Tn) 50.02375 
Chi SquareO.O5[2K+2]>= 50.02375 
[2K+2] = 69 
K = 33.5 



Thallium horizon C 

Poisson-based Tolerance Limit (K) Calculation for Thallium soil horizon C 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1 /2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
17ASBI I0 21.74 33.5 N o 

Tn 177.36 
2Tn+2 356.72 
Chi Square (2Tn+2) 40 1.762 
n 8 
Lambda Tn 25.1 10125 
2(Lam bda Tn) 50.22025 
Chi SquareO.O5[2K+2]>= 50.22025 
[2K+2] = 69 
K = 33.5 



Antimony soil B 

Poisson-based Tolerance Limit (K) Calculation for Antimony soil horizon B, S N W  I7BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [1K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

F SampNo Value Limit Limit Exceeded? 
17CSB105 12.06 2 1 N o 

Tn 100.94 
2Tn+2 203.88 
Chi Square (2Tn+2) 238.191 
n 8 
Lambda Tn 14.886938 
2(Lambda Tn) 29.773875 
Chi SquareO.O5[2K+2]>= 29.773875 
[2K+2] = 44 
K = 2 1  



Antimony soil C 

Poisson-based Tolerance Limit (K) Calculation for Antimony soil horizon C, S\MU I7BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
I7CSBI I0 13.39 21.5 N o 

Tn 101.34 
2Tn+2 204.68 
Chi Square (2Tn+2) 239.056 
n 8 
Lambda Tn 14.94 1 
2(Lambda Tn) 29.882 
Chi SquareO.O5[2K+2]>= 29.882 
[2K+2] = 45 
K=21.5 



Arsenic horizon B 

Poisson-based Tolerance Limit (K) Calculation for Arsenic soil horizon B, SWMU I7BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1 Rn)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
17CSB105 1 1.98 5.5 Yes 
17CSB205 1.56 5.5 No 
17DSB105 1.60 5.5 No 
17DSB205 1.54 5.5 NO 

Tn 55.13 
2Tn+2 1 12.26 
Chi Square (2Tn+2) 137.988 
n 8 
Lambda Tn 8.62425 
2(Larnbda Tn) 17.2485 
Chi SquareO.O5[2K+2]>= 17.2485 
[2K+2] = 13 
K = 5.5 



Arsenic horizon C 

Poisson-based Tolerance Limit (K) Calculation for Arsenic soil horizon C, Sb'MU I7BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (I /2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here. 0.05) 

FSampNo Value Limit Limit Exceeded? 
I7CSBI I0 1.71 11.5 N o 

Tn 43.70 
2Tn+2 89.40 
Chi Square (2Tn+2) 112.471 
n 8 
Lambda Tn 7.0294375 
2(Lambda Tn) 14.058875 
Chi SquareO.O5[2K+2]>= 14.058875 
[2K+2] = 25 
K=11 .5  



Barium horizon B 

Normal Tolerance Limit (K) Calculation for Barium soil horizon B, SWMU I7BCD 

K =average+ t(W-I),aIpha)*SQRT(l + ( I / ' ) )  average 4.39 
Where std. dev. 0.83 
t =  Critical value of Student's t distribution t 1.895 
N = Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 6.39995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17CSB 105 3.38 9.701 9594 29.40 16349.6 I No 
17CSB205 3.60 9.7019594 36.74 16349.6 1 N o 
17DSB105 4.23 9.7019594 68.93 16349.6 1 No 
17DSB205 4.19 9.701 9594 65.89 16349.6 1 No 



Barium horizon C 

Normal Tolerance Limit (K) Calculation for Barium soil horizon C, SWMU I7BCD 

K =average+ t((N- I),alpha)*SQRT(l +(I N))  average 4.5 1 
M e r e  std. dev. 0.37 
t =  Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 6.5 1995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
I7CSBI I0 4.36 6.9223819 78.55 1014.7341 No 
I7CSB2lO 4.25 6.9223819 70.12 1014.7341 No 
I7DSBI I0 4.1 0 6.92238 19 60.40 1014.7341 No 
I7DSBZIO 4.39 6.9223819 80.98 1014.7341 No 
17CSB114 4.43 6.9223819 84.33 1014.7341 No 
I7CSB2 I5 4.65 6.9223819 104.70 1014.7341 No 
I7DSBI I5 4.2 1 6.92238 19 67.05 1014.7341 No 
l7DSB2 I5 4.96 6.9223819 142.65 1014.7341 No 
17DSB 120 4.24 6.9223819 69.69 1014.7341 No 
17DSB2ZO 4.72 6.92238 19 1 1  1.91 1014.7341 No 
17DSB 125 4.29 6.92238 19 72.73 1014.7341 No 
17DSB225 4.02 6.92238 19 55.95 1014.7341 No 
17DSB127 4.71 6.9223819 1 1 1.48 1014.7341 No 
17CSB240 4.46 6.922381 9 86.49 1014.7341 No 
17DSBq40 4.23 6.92238 19 68.85 1014.7341 No 



Beryllium horizon B 

Poisson-based Tolerance Limit (K) Calculation for Beryllium soil horizon B, SWMU 17BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Larnbda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
17CSB 105 3.23 4.5 N o 

Tn 10.67 
2Tn+2 23.34 
Chi Square (2Tn+2) 35.5955 
n 8 
Lambda Tn 2.2247 188 
2(Lambda Tn) 4.4494375 
Chi SquareO.O5[2K+2]>= 4.4494375 
[2K+2] = 1 1  
K = 4.5 



Beryllium horizon C 

Normal Tolerance Limit (K) Calculation for Beryllium soil horizon C, SWMU 17BCD 

K =average+ t((N- 1 ),alpha)*SQRT(l +(I M))  average 0.70 
Where std. dev. 0.59 
t =  Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 2.70995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
I7CSBI I0 1.65 2.298871 1 5.19 9.962929 No 

9.962929 No 
9.962929 No 
9.962929 No 
9.962929 No 
9.962929 No 
9.962929 No 
9.962929 No 
9.962929 No 
9.962929 No 
9.962929 No 
9.962929 Yes 
9.962929 No 
9.962929 No 
9.962929 No 



Cadmium horizon B 

Poisson-based Tolerance Limit (K) Calculation for Cadmium soil horizon B, S W U  I7BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
17CSB105 0.74 3.5 No 

Tn 6.2 
2Tn+2 14.40 
Chi Square (2Tn+2) 24.2 105 
n 8 
Lambda Tn 1.5131563 
2(Lambda Tn) 3.0263 125 
Chi SquareO.O5[2K+2]>= 3.0263 125 
[2K+2] = 9 
K = 3.5 



Cadmium horizon C 

Poisson-based Tolerance Limit (K) Calculation for Cadmium soil horizon C, SWMU I7BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
I7CSB I I0 0.82 3.5 No 

No 
No 
No 
N 0 

Yes 
No 
No 
No 
No 
N 0 

No 
N 0 

No 
No 

Tn 6.23 
2Tn+2 14.46 
Chi Square (2Tn+2) 24.2892 
n 8 
Lambda Tn 1.5 18075 
2(Lambda Tn) 3.03615 
Chi SquareO.O5[2K+2]>= 3.03615 
[2K+2] = 9 
K = 3.5 



Chromium horizon B 

Nonnal Tolerance Limit (K) Calculation for Chromium soil horizon B. S \ W  I7BCD 

K =average+ t((N- l ),alpha)*SQRT( I +(I /N)) average 3.82 
\%ere std, dev. 0.22 
t = Critical value of Student's t distribution t 1.895 
N = Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 5.82995 1 

FSarnpNo LN Value LN Limit Value Limit Limit Exceeded? 
17CSB 105 4.13 5.1025892 61.87 164.44715 No 



Chromium horizon C 

Normal Tolerance Limit (K) Calculation for Chromium soil horizon C, SWMU 17A 

K =average+ t((N- 1 ),alpha)*SQRT( I +( 1 N))  average 3.83 
Where std. dev. 0.2 
t =  Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 5.83995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17CSBllO 4.29 4.9979902 72.81 148.11518 No 
17CSB2 10 3.99 4.9979902 54.29 148.11518 No 
17DSBl I0 3.78 4.9979902 43.94 148.11518 No 
17DSB2 10 4.03 4.9979902 56.30 148.11518 No 
17CSB114 4.09 4.9979902 59.89 148.11518 No 
17CSB2 15 4.28 4.9979902 7 1.92 148.11518 No 
17DSB115 4.22 4.9979902 67.82 148.11518 No 
17DSB2 15 4.58 4.9979902 97.09 148.11518 No 
17DSB 120 4.03 4.9979902 56.07 148.11518 No 
17DSB220 4.15 4.9979902 63.30 148.11518 No 
17DSB 125 4.47 4.9979902 86.92 148.11518 No 
17DSB225 4.35 4.9979902 77.76 148.11518 No 
17DSB127 4.36 4.9979902 77.87 148.11518 No 
17CSB240 4.3 1 4.9979902 74.38 148.11518 No 
17DSB240 3.90 4.9979902 49.18 148.11518 No 



Lead horizon B 

Normal Tolerance Limit (K) Calculation for Lead soil horizon B, SWMU I7BCD 

K =average+ t((N- l ),alpha)*SQRT(l +(IN)) average 3.24 
Where std. dev. 1.04 
t =  Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 5.24995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17CSB 105 3.73 8.6999491 41.82 6002.6065 No 



Lead horizon C 

Normal Tolerance Limit (K) Calculation for Lead soil horizon C, SWMU 17BCD 

K =average+ t(m- 1 ),alpha)*SQRT(I +(I M))  average 2.7 1 
Where std. dev. 0.3 l 
t =  Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 4.7 1995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17CSBl I0 2.91 4.1731848 1 8.44 64.921888 No 

No 
No 
No 
No 
Yes 
No 
N 0 

N 0 

No 
No 
No 
No 
No 
No 



Mercury horizon B 

Poisson-based Tolerance Limit (K) Calculation for Mercury soil horizon B, SWMU I7BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
17CSB 105 0.03 1.5 No 

Tn 0.76 
2Tn+2 3.52 
Chi Square (2Tn+2) 8.69852 
n 8 
Lambda Tn 0.5436575 
2(Lam bda Tn) 1.0873 15 
Chi SquareO.O5[2K+2]>= 1.0873 15 
[2K+2] = 5 
K =  1.5 



Mercury horizon C 

Poisson-based Tolerance Limit (K) Calculation for Mercury soil horizon C, SNWU I7BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here. 0.05) 

FSampNo Value Limit Limit Exceeded? 
I7CSBIIO 0.10 1.5 No 

Tn 0.63 
2Tn+2 3.26 
Chi Square (2Tn+2) 8.26084 
n 8 
Lambda Tn 0.5 163025 
2(Lam bda Tn) 1.032605 
Chi SquareO.O5[2K+2]>= I .032605 
[2K+2] = 5 
K =  1.5 



Nickel horizon B 

Normal Tolerance Limit (K) Calculation for Nickel soil horizon B, SWMU I7BCD 

K =average+ t(W-l),alpha)*SQRT(l +(IN)) average 2.97 
Where std. dev. 0.6 1 
t =  Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 4.97995 1 

FSarnpNo LN Value LN Limit Value Limit Limit Exceeded? 
17CSB105 3.26 6.0077701 25.95 406.5757 No 
17CSB205 2.93 6.0077701 18.68 406.5757 No 
17DSB105 2.68 6.0077701 14.58 406.5757 No 
17DSB205 2.41 6.0077701 11.18 406.5757 No 



Nickel horizon C 

Normal Tolerance Limit (K) Calculation for Nickel soil horizon C, SWMU 17BCD 

K =average+ t((N- 1 ),alpha)*SQRT( 1 +(I M)) average 3.24 
Where std. dev. 0.42 
t =  Critical value of Student's t distribution t 1.895 
N =  Sample size N 8 
alpha = Probability level test is conducted at (here, 0.05) K 5.24995 1 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
17CSB110 3.83 5.4449794 46.17 23 1.59252 No 
17CSB2 10 3.84 5.4449794 46.60 231.59252 No 
17DSBllO 2.79 5.4449794 16.21 231.59252 No 
17DSB2 10 3.36 5.4449794 28.79 231.59252 No 
17CSB 114 3.56 5.4449794 35.33 231.59252 No 
17CSB215 3.82 5.4449794 45.62 23 1.59252 No 
17DSB115 3.37 5.4449794 28.97 23 1.59252 No 
17DSB215 4.28 5.4449794 72.05 231.59252 No 
17DSB120 3.82 5.4449794 45.53 231.59252 No 
17DSB220 4.05 5.4449794 57.42 23 1.59252 No 
17DSB 125 3.92 5.4449794 50.40 23 1.59252 No 
17DSB225 4.48 5.4449794 87.82 231.59252 No 
17DSB 127 4.20 5.4449794 66.39 231.59252 No 
17CSB240 4.04 5.4449794 56.83 23 1.59252 No 
17DSB240 3.15 5.4449794 23.33 23 1.59252 No 



Selenium horizon B 

Poisson-based Tolerance Limit (K) Calculation for Selenium soil horizon B, SWMU 17BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
17CSB 105 0.28 2.5 No 
17CSB205 0.28 2.5 No 
17DSB 105 0.29 2.5 No 
17DSB205 0.28 2.5 No 

Tn 2.34 
2Tn+2 6.68 
Chi Square (2Tn+2) 13.5992 
n 8 
Lambda Tn 0.84995 
2(Lambda Tn) 1.6999 
Chi SquareO.O5[2K+2]>= 1.6999 
[2K+2] = 7 
K = 2.5 



Selenium horizon C 

Poisson-based Tolerance Limit (K) Calculation for Silver soil horizon C, SWMU 17BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
17CSBI 10 0.30 2.5 No 
17CSB2 10 0.33 2.5 No 
17DSBllO 0.28 2.5 No 
17DSB210 0.29 2.5 No 
17CSB114 0.30 2.5 No 
17CSB2 15 0.29 2.5 No 
17DSB 1 15 0.29 2.5 No 
17DSB2 15 0.37 2.5 No 
17DSB 120 0.30 2.5 No 
17DSB220 0.37 2.5 No 
17DSB 125 0.36 2.5 No 
17DSB225 0.32 2.5 No 
17DSB127 0.38 2.5 No 
17CSB240 0.35 2.5 No 
17DSB240 0.29 2.5 No 

Tn 2.34 
2Tn+2 6.68 
Chi Square (2Tn+2) 13.5992 
n 8 
Lambda Tn 0.84995 
2(Lambda Tn) 1.6999 
Chi SquareO.O5[2K+2]>= 1.6999 
[2K+2] = 7 
K = 2.5 



Silver horizon B 

Poisson-based Tolerance Limit (K) Calculation for Silver soil horizon B, SWMU I7BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
17CSB 105 0.0 1 1.5 No 
17CSB205 0.0 1 1.5 No 
17DSB105 0.03 1.5 No 
17DSB205 0.0 1 1.5 No 

Tn 0.18 
2Tn+2 2.36 
Chi Square (2Tn+2) 6.67 165 
n 8 
Lambda Tn 0.4 16978 1 
2(Lambda Tn) 0.8339563 
Chi SquareO.O5[2K+2]>= 0.8339563 
[2K+2] = 5 
K =  1.5 



Silver horizon C 

Poisson-based Tolerance Limit (K) Calculation for Silver soil horizon C, SWMU I7BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Prob?bility level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
I7CSBIIO 0.01 1.5 No 
17CSB2 10 0.0 1 1.5 No 
I7DSBIIO 0.01 1.5 No 
17DSB210 0.01 1.5 No 
17CSB114 0.01 1.5 No 
17CSB2 15 0.04 1.5 No 
17DSB115 0.01 1.5 No 
17DSB2 15 0.0 1 1.5 No 
17DSB120 0.01 1.5 No 
17DSB220 0.01 1.5 No 
17DSB125 0.01 1.5 No 
17DSB225 0.0 1 1.5 No 
17DSB 127 0.07 1.5 No 
17CSB240 0.01 1.5 No 
17DSB240 0.0 1 1.5 No 

Tn 0.215 
2Tn+2 2.43 
Chi Square (ZTn+2) 6.80037 
n 8 
Lambda Tn 0.425023 1 
Z(Lambda Tn) 0.8500463 
Chi SquareO.O5[2K+2]>= 0.8500463 
[2K+2] = 5 
K = 1.5 



Thallium Horizon B 

Poisson-based Tolerance Limit (K) Calculation for Thallium soil horizon B, SWMU 17BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value . Limit Limit Exceeded? 
17CSB105 21.10 33.5 No 

Tn 176.62 
2Tn+2 355.24 
Chi Square (2Tn+2) 400.19 
n 8 
Lambda Tn 25.01 1875 
2(Lambda Tn) 50.02375 
Chi SquareO.O5[2K+2]>= 50.02375 
[2K+2] = 69 
K = 33.5 



Thallium horizon C 

Poisson-based Tolerance Limit (K) Calculation for Thallium soil horizon C, SWMU I7BCD 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1 /2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
I7CSBllO 23.43 33.5 No 
17CSB210 25.37 33.5 No 
17DSBllO 21.23 33.5 No 
17DSB2 10 22.10 33.5 No 
17CSB114 22.78 33.5 No 
17CSB215 21.79 33.5 No 
17DSB115 21.99 33.5 No 
17DSB215 27.71 33.5 No 
17DSB 120 22.90 33.5 No 
17DSB220 27.98 33.5 No 
17DSB125 27.35 33.5 No 
17DSB225 24.29 33.5 No 
17DSB127 28.54 33.5 No 
17CSB240 26.63 33.5 No 
17DSB240 2 1.63 33.5 No 

Tn 177.36 
2Tn+2 356.72 
Chi Square (2Tn+2) 401.761 
n 8 
Lambda Tn 25.1 10063 
2(Lambda Tn) 50.220 125 
Chi SquareO.O5[2K+2]>= 50.220 125 
[2K+2] = 69 
K = 33.5 



Antimony horizon C 

Poisson-based Tolerance Limit (K) Calculation for Antimony soil horizon C, SWMU 3 1 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
31MW3A1 9.80 20.5 No 
31MW2A 12.13 20.5 No 
31MW4A1 11.27 20.5 No 
31MW3B2 9.80 20.5 No 
31MW2B 10.89 20.5 No 
31MW4B2 10.61 20.5 No 
31MWlA2 10.24 20.5 No 
31MWlB3 10.41 20.5 No 
3lMW4C4 11.38 20.5 No 

Tn 69.27 
2Tn+2 140.54 
Chi Square (2Tn+2) 169.204 
n 6 
Lambda Tn 14.100333 
2(Lambda Tn) 28.200667 
Chi SquareO.O5[2K+2]>= 28.200667 
[2K+2] = 43 
K = 20.5 



Arsenic horizon C 

Poisson-based Tolerance Limit (K) Calculation for Arsenic soil horizon C, SWMU 3 1 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
31MW3A1 1.46 7 No 
3 1 MW2A 1.55 7 No 
31MW4A1 1.44 7 No 
31MW3B2 1.39 7 No 
3 1 MW2B 4.40 7 No 
31MW4B2 1.36 7 No 
31MWlA2 1.31 7 No 
31MWlB3 1.33 7 No 
3 1MW4C4 1.45 7 No 

Tn 14.26 
2Tn+2 30.52 
Chi Square (2Tn+2) 44.4038 
n 6 
Lambda Tn 3.7003 167 
2(Lambda Tn) 7.4006333 
Chi SquareO.O5[2K+2]>= 7.4006333 
[2K+2] = 16 
K = 7 



Barium horizon C 

Normal Tolerance Limit (K) Calculation for Barium soil horizon C, SWMU 3 1 

K =average+ t((N- l),alpha)*SQRT(l+(lM)) average 4.53 
Where std. dev. 0.38 
t = Critical value of Student's t distribution t 2.015 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 6.7064488 

FSarn~No LN Value LN Limit Value Limit Limit Exceeded? 



Beryllium C 

Normal Tolerance Limit (K) Calculation for Beryllium soil horizon C, SWMU 3 1 

K =average+ t((N-l),alpha)*SQRT(l+(l/N)) average -0.09993 
Where std. dev. 0.27 
t =  Critical value of Student's t distribution t 2.015 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 2.0765 188 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
3 1MW3A1 -0.05 0.4607301 0.95 I NO 
3 1MW2A 0.00 0.4607301 1 .OO 1 Yes 
3 1MW4A1 0.17 0.4607301 1.18 1 Yes 
31MW3B2 -0.29 0.4607301 0.75 1 NO 
3 1 MW2B 0.06 0.4607301 1.06 1 Yes 
3 1MW4B2 -0.19 0.4607301 0.83 1 NO 
3 1 MWlA2 -0.06 0.4607301 0.94 1 NO 
31MWlB3 0.16 0.4607301 1.18 1 Yes 
3 1MW4C4 0.20 0.4607301 1.22 1 Yes 



Cadmium horizon C 

Poisson-based Tolerance Limit (K) Calculation for Cadmium soil horizon C, SWMU 3 1 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n= Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
31MW3A1 0.60 3.5 No 
3 1MW2A 0.75 3.5 No 
31MW4A1 0.69 3.5 No 
31MW3B2 0.60 3.5 No 
3 1 MW2B 0.67 3.5 No 
31MW4B2 0.65 3.5 No 
31MWlA2 0.63 3.5 No 
31MWlB3 0.64 3.5 No 
31MW4C4 0.70 3.5 No 

Tn 4.2 1 
2Tn+2 10.42 
Chi Square (2Tn+2) 18.8839 
n 6 
Lambda Tn 1.5736583 
2(Lambda Tn) 3.1473167 
Chi SquareO.O5[2K+2]>= 3.1473 167 
[2K+2] = 9 
K = 3.5 



Chromium horizon C 

Normal Tolerance Limit (K) Calculation for Chromium soil horizon C, SWMU 3 1 

K =average+ t((N- l),aipha)*SQRT(l+(l/N)) average 3.55 
Where std. dev. 0.22 
t = Critical value of Student's t distribution t 2.015 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 5.7264488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
31MW3A1 3.29 4.8098187 26.80 122.70937 No 



Lead horizon C 

Normal Tolerance Limit (K) Calculation for Lead soil horizon C, SWMU 3 1 

K =average+ t((N- 1 ),alpha)* SQRT( 1 +( 1 /N)) average 2.77 
Where std. dev. 0.26 
t =  Critical value of Student's t distribution t 2.015 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 4.9464488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
3 1MW3AI 3.45 4.0560767 31.54 57.747305 No 
3 1MW2A 3.05 4.0560767 21.16 57.747305 No 
3 1MW4AI 2.87 4.0560767 17.70 57.747305 No 
3 1MW3B2 3.69 4.0560767 40.00 57.747305 No 
31MW2B 3.04 4.0560767 20.86 57.747305 No 
3 1 MW4B2 2.64 4.0560767 13.96 57.747305 No 
3 1 MWlA2 -0.46 4.0560767 0.63 57.747305 NO 
31MWlB3 1.99 4.0560767 7.32 57.747305 No 
3 1 MW4C4 2.99 4.0560767 19.98 57.747305 No 



Mercury horizon C 

Poisson-based Tolerance Limit (K) Calculation for Mercury soil horizon C, SWMU 3 1 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
31MW3A1 0.18 2 No 
3 1 MW2A 0.03 2 No 
31MW4A1 0.03 2 No 
31MW3B2 0.03 2 No 
31MW2B 0.07 2 No 
31MW4B2 0.03 2 No 
31MWlA2 0.03 2 No 
31MWlB3 0.03 2 No 
31MW4C4 0.03 2 No 

Tn 0.3 1 
2Tn+2 2.62 
Chi Square (2Tn+2) 7.14479 
n 6 
Lambda Tn 0.5953992 
2(Lambda Tn) 1.1907983 
Chi Square0.05 [2K+2]>= 1.1907983 
[2K+2] = 6 
K = 2 



Nickel horizon C 

Normal Tolerance Limit (K) Calculation for Nickel soil horizon C, SWMU 3 1 

K =average+ t((N- l),alpha)*SQRT(l+(IM)) average 2.69 
Where std. dev. 0.34 
t =  Critical value of Student's t distribution t 2.015 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 4.8664488 

FSampNo LN Value LN Limit Value 
3 lMW3A10 2.53 4.3445926 12.60 
3 1MW2A 2.59 4.3445926 13.37 
31MW4A12 3.01 4.3445926 20.23 
3 1MW3B20 2.59 4.3445926 13.30 
3 1 MW2B 3.13 4.3445926 22.78 
3 1MW4B22 2.90 4.3445926 18.18 
3 1MW1 A25 3.16 4.3445926 23.62 
3 1MWlB35 3.43 4.3445926 30.89 
3 1MW4C40 3.07 4.3445926 21.49 

Limit Limit Exceeded? 
77.060635 No 
77.060635 No 
77.060635 No 
77.060635 No 
77.060635 No 
77.060635 No 
77.060635 No 
77.060635 No 
77.060635 No 



Selenium horizon C 

Poisson-based Tolerance Limit (K) Calculation for Selenium soil horizon C, SWMU 31 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
3 1MW3A10 0.26 2.5 No 
3 1MW2A 0.28 2.5 No 
31MW4A12 0.26 2.5 No 
3 1MW3B20 0.25 2.5 No 
3 1MW2B 0.27 2.5 No 
3 1 MW4B22 0.25 2.5 No 
31MWlA25 0.24 2.5 No 
31MWlB35 0.24 2.5 No 
3 1 MW4C40 0.26 2.5 No 

Tn 1.61 
2Tn+2 5.22 
Chi Square (2 1 1.4097 
n 6 
Lambda Tn 0.950808333 
2(Lambda Tn) 1.90 16 16667 
Chi SquareO.0 1.90 1616667 
[2K+2] = 7 
K = 2.5 



Silver horizon C 

Poisson-based Tolerance Limit (K) Calculation for Silver soil horizon C, SWMU 3 1 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= ~ ( ~ a m b d a  of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
3 1MW3A1 0.005 1.5 No 
3 1MW2A 0.0 1 1.5 No 
3 1MW4A1 0.005 1.5 No 
31MW3B2 0.11 1.5 No 
31MW2B 0.005 1.5 No 
3 1MW4B2 0.005 1.5 No 
31MWlA2 0.005 1.5 No 
31MWlB3 0.01 1.5 No 
3 1MW4C4 0.005 1.5 No 

Tn 0.04 
2Tn+2 2.08 
Chi Square (2Tn+2) 6.1455 
n 6 
Lambda Tn 0.5 12 125 
2(Lambda Tn) 1.02425 
Chi SquareO.O5[2K+2]>= 1.02425 
[2K+2] = 5 
K =  1.5 



Thallium horizon C 

Poisson-based Tolerance Limit (K) Calculation for Thallium soil horizon C, SWMU 3 1 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
31MW3A1 17.15 3 1.5 No 
31MW2A 21.23 3 1.5 No 
31MW4A1 19.72 3 1.5 No 
31MW3B2 17.15 31.5 No 
31MW2B 19.06 31.5 No 
31MW4B2 18.56 31.5 No 
31MWlA2 17.92 3 1.5 No 
31MWlB3 18.22 31.5 No 
31MW4C4 19.92 3 1.5 No 

Tn 121.19 
2Tn+2 244.38 
Chi Square (2Tn+2) 281.844 
n 6 
Lambda Tn 23.487 
2(Lambda Tn) 46.974 
Chi SquareO.O5[2K+2]>= 46.974 
[2K+2] = 65 
K = 31.5 



Antimony horizon B 

Poisson-based Tolerance Limit (K) Calculation for Antimony soil horizon B, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB 10A 11.85 20.5 No 
54SBl lA 11.91 20.5 No 
54SB 12A 12.24 20.5 No 
54SB 13A 12.03 20.5 No 
54SB 14A 11.56 20.5 No 
54SB 16A 12 20.5 No 
54SB 1 A 11.52 20.5 No 
54SB2A 10.99 20.5 No 
54SB3A 11.27 20.5 No 
54SB4A 12.15 20.5 No 
54SB5A 12.22 20.5 No 
54SB6A 1 1.93 20.5 No 
54SB7A 11.2 20.5 No 
54SB8A 1 1.85 20.5 No 

Tn 70.65 
2Tn+2 143.30 
Chi Square (2Tn+2) 172.234 
n 6 
Lambda Tn 14.352833 
2(Lambda Tn) 28.705667 
Chi SquareO.O5[2K+2]>= 28.705667 
[2K+2] = 43 
K = 20.5 



Antimony horizon C 

Poisson-based Tolerance Limit (K) Calculation for Antimony soil horizon C, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1 /2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB15A 12.2 20.5 No 
54SB9A 1 1.95 20.5 No 
54SB16B 12.1 20.5 No 
54SB14B 11.81 20.5 No 
54SB6B 13.61 20.5 No 
54SB10B 12.01 ' 20.5 No 
54SBl lB 1 1.87 20.5 No 
54SB 12B 13.02 20.5 No 
54SB2B 12.03 20.5 No 
54SB3B 12.9 20.5 No 
54SB4B 11.8 20.5 No 
54SB5B 12.49 20.5 No 
54SB7B 13.14 20.5 No 
54SB8B 12.22 20.5 No 
54SB9B 12.3 1 20.5 No 
54SB10D 1 1.22 20.5 No 
54SB 13B 1 1.87 20.5 No 
54SB 1 B 10.72 20.5 No 
54SB 16D 12.19 20.5 No 

Tn 69.27 
2Tn+2 140.54 
Chi Square (2Tn+2) 169.204 
n 6 
Lambda Tn 14.100333 
2(Lambda Tn) 28.200667 
Chi SquareO.O5[2K+2]>= 28.200667 
[2K+2] = 43 
K = 20.5 



Arsenic horizon B 

Poisson-based Tolerance Limit (K) Calculation for Arsenic soil horizon B, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB 10A 4.28 6.5 No 
54SB 1 1 A 1.57 6.5 No 
54SB 12A 1.56 6.5 No 
54SB 13A 1.54 6.5 No 
54SB 14A 1.48 6.5 No 
54SB 16A 1.53 6.5 No 
54SB 1A 1.47 6.5 No 
54SB2A 3.27 6.5 No 
54SB3A 1.44 6.5 No 
54SB4A 1.55 6.5 No 
54SB5A 1.56 6.5 No 
54SB6A 4.08 6.5 No 
54SB7A 1.43 6.5 No 
54SB8A 1.5 1 6.5 No 

Tn 13.85 
2Tn+2 29.70 
Chi Square (2Tn+2) 43.4086 
n 6 
Lambda Tn 3.6173833 
2(Lambda Tn) 7.2347667 
Chi SquareO.O5[2K+2]>= 7.2347667 
[2K+2] = 15 
K = 6.5 



Arsenic horizon C 

Poisson-based Tolerance Limit (K) Calculation for Arsenic soil horizon C, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB 15A 1.55 7 No 
54SB9A 1.53 7 No 
54SB 16B 1.55 7 No 
54SB 14B 1.51 7 No 
54SB6B 1.74 7 No 
54SB 10B 1.53 7 No 
54SBl lB 1.52 7 No 
54SB 12B 1.66 7 No 
54SB2B 1.54 7 No 
54SB3B 1.65 7 No 
54SB4B 1.5 1 7 No 
54SBSB 1.59 7 No 
54SB7B 1.68 7 No 
54SB8B 1.56 7 No 
54SB9B 1.57 7 No 
54SB 10D 1.43 7 No 
54SB13B 1.52 7 No 
54SB 1 B 1.37 7 No 
54SB16D 1.56 . 7 No 

Tn 14.26 
2Tn+2 30.52 
Chi Square (2Tn+2) 44.4038 
n 6 
Lambda Tn 3.7003 167 
2(Lambda Tn) 7.4006333 
Chi SquareO.O5[2K+2]>= 7.4006333 
[2K+2] = 16 
K = 7  



Barium horizon B 

Normal Tolerance Limit (K) Calculation for Barium soil horizon B, SWMU 54 

K =average+ t((N- l),alpha)* SQRT(1 +(IN)) average 4.95 
Where std. dev. 0.35 
t = Critical value of Student's t distribution t 2.0 15 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 7.1264488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB 10A 5.77 7.4442571 3 19.23 1710.0144 No 



Barium horizon C 

Normal Tolerance Limit (K) Calculation for Barium soil horizon C, SWMU 54 

K =average+ t((N- 1 ),alpha)* SQRT( 1 +(I /N)) average 4.53 
Where std. dev. 0.38 
t =  Critical value of Student's t distribution t 2.0 15 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 6.7064488 
Limit = Avg. + K(std. dev.) 

FSarnpNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB15A 5.82 7.0784505 338.27 1186.1292 No 



Beryllium horizon B 

Poisson-based Tolerance Limit (K) Calculation for Beryllium soil horizon B, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB10A 1.81 5 No 
54SBl lA 1.49 5 No 
54SB 12A 1.54 5 No 
54SB 13A 1.42 5 No 
54SB14A 0.89 5 No 
54SB16A 1.47 5 No 
54SBlA 0.93 5 No 
54SB2A 1.76 5 No 
54SB3A 1.1 1 5 No 
54SB4A 1.78 5 No 
54SB5A 1.55 5 No 
54SB6A 1.1 1 5 No 
54SB7A 0.82 5 No 
54SB8A 1.15 5 No 

Tn 7.83 
2Tn+2 17.66 
Chi Square (2Tn+2) 28.4343 
n 6 
Lambda Tn 2.369525 
2(Lambda Tn) 4.73905 
Chi SquareO.O5[2K+2]>= 4.73905 
[2K+2] = 12 
K = 5  



Beryllium horizon C 

Normal Tolerance Limit (K) Calculation for Beryllium soil horizon C, SWMU 54 

K =average+ t((N- l),alpha)*SQRT(l +(I M)) average -0.09993 
Where std. dev. 0.27 
t =  Critical value of Student's t distribution t 2.015 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 2.0765 188 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB 15A 0.66 0.4607301 1.93 1.5852309 Yes 

No 
No 
No 
Yes 
No 
No . 
Yes 
No 
No 
No 
Yes 
Yes 
Yes 
No 
No 
No 
No 
Yes 



Cadmium horizon B 

Poisson-based Tolerance Limit (K) Calculation for Cadmium soil horizon B, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB 10A 0.73 3.5 No 
54SBl lA 0.73 3.5 No 
54SB 12A 0.75 3.5 No 
54SB 13A 0.74 3.5 No 
54SB 14A 0.7 1 3.5 No 
54SB16A 0.74 3.5 No 
54SB 1A 2.4 3.5 No 
54SB2A 0.68 3.5 No 
54SB3A 0.69- 3.5 NO 
54SB4A 0.75 3.5 No 
54SB5A 0.75 3.5 No 
54SB6A 11.75 3.5 Yes 
54SB7A 0.69 3.5 No 
54SB8A 0.73 3.5 No 

Tn 4.33 
2Tn+2 10.66 
Chi Square (2Tn+2) 19.212 
n 6 
Lambda Tn 1.601 
2(Lambda Tn) 3.202 
Chi SquareO.O5[2K+2]>= 3.202 
[2K+2] = 9 
K = 3.5 



Cadmium horizon C 

Poisson-based Tolerance Limit (K) Calculation for Cadmium soil horizon C, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB15A 0.74 3.5 No 
54SB9A 0.73 3.5 No 
54SB 16B 0.74 3.5 No 
54SB 14B 0.73 3.5 No 
54SB6B 0.84 3.5 No 
54SB 10B 0.74 3.5 No 
54SBllB 0.73 3.5 No 
54SB12B 0.8 3.5 No 
54SB2B 0.74 3.5 No 
54SB3B 0.79 3.5 No 
54SB4B 0.72 3.5 No 
54SB5B 0.77 3.5 No 
54SB7B 0.8 1 3.5 No 
54SB8B 0.75 3.5 No 
54SB9B 0.76 3.5 No 
54SB 1 OD 0.69 3.5 No 
54SB13B 0.73 3.5 No 
54SB 1 B 0.66 3.5 No 
54SB 16D 0.75 3.5 No 

Tn 4.2 1 
2Tn+2 10.42 
Chi Square (2Tn+2) 18.8839 
n 6 
Lambda Tn 1.5736583 
2(Lambda Tn) 3.1473 167 
Chi SquareO.O5[2K+2]>= 3.1473 167 
[2K+2] = 9 
K = 3.5 



Chromium horizon B 

Normal Tolerance Limit (K) Calculation for Chromium soil horizon B, SWMU 54 

K =average+ t((N- I),aIpha)*SQRT(l+(l/N)) average 3.76 
Where std. dev. 0.2 1 
t =  Critical value of Student's t distribution t 2.015 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 5.9364488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB 1OA 3.52 5.0066542 33.86 149.40403 No 
54SBl lA 3.50 5.0066542 33.17 149.40403 No 
54SB12A 3.59 5.0066542 36.08 149.40403 No 
54SB13A 3.44 5.0066542 3 1.29 149.40403 No 
54SB14A 3 .U2 5.0066542 20.52 149.40403 No 
54SB 16A 3.53 5.0066542 34.27 149.40403 No 
54SB I A 3.23 5.0066542 25.38 149.40403 No 
54SB2A 3.33 5.0066542 27.91 149.40403 No 
54SB3A 3.34 5.0066542 28.16 149.40403 No 
54SB4A 3.57 5.0066542 35.56 149.40403 No 
54SB5A 3.54 5.0066542 34.54 149.40403 No 
54SB6A 4.92 5.0066542 136.92 149.40403 No 
54SB7A 3.18 5.0066542 24.00 149.40403 No 
54SB8A 3.32 5.0066542 27.69 149.40403 No 



Chromium horizon C 

Normal Tolerance Limit (K) Calculation for Chromium soil horizon C, SWMU 54 

K =average+ t((N- 1 ),alpha)* SQRT(1 +(IN)) average 3.55 
Where std, dev. 0.22 
t =  Critical value of Student's t distribution t 2.015 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 5.7264488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB15A 3.83 4.8098187 45.93 122.70937 No 
54SB9A 3.33 4.8098187 27.93 122.70937 No 
54SB 16B 3.53 4.8098187 34.20 122.70937 No 
54SB 14B 3.53 4.8098187 34.10 122.70937 No 
54SB6B 4.25 4.8098187 70.14 122.70937 No 
54SB 10B 3.39 4.8098187 29.78 122.70937 No 
54SB 1 lB 3.49 4.80981 87 32.93 122.70937 No 
54SB12B 3.84 4.8098187 46.48 122.70937 No 
54SB2B 3.38 4.8098 187 29.45 122.70937 No 
54SB3B 3.63 4.8098 187 37.76 122.70937 No 
54SB4B 3.06 4.8098 187 21.30 122.70937 No 
54SBSB 3.70 4.8098 187 40.64 122.70937 No 
54SB7B 4.04 4.8098 187 57.10 122.70937 No 
54SB8B 3.69 4.8098 187 40.15 122.70937 No 
54SB9B 3.63 4.8098187 37.56 122.70937 No 
54SB 10D 3.30 4.8098187 27.23 122.70937 No 
54SB13B 3.48 4.8098187 32.32 122.70937 No 
54SB 1 B 2.28 4.8098187 9.80 122.70937 No 
54SB 16D 3.77 4.8098187 43.53 122.70937 No 



Lead horizon B 

Normal Tolerance Limit (K) Calculation for Lead soil horizon B, SWMU 54 

K =average+ t((N- 1 ),alpha)*SQRT( 1 +(1 IN)) average 2.91 
Where std. dev. 0.35 
t = Critical value of Student's t distribution t 2.0 15 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 5.0864488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB10A 5.33 4.6902571 205.56 108.881 17 Yes 

108.88117 No 
108.88117 No 
108.88117 Yes 
108.88117 No 
108.88117 No 
108.881 17 Yes 
108.88117 Yes 
108.881 17 Yes 
108.88117 No 
108.88117 No 
108.881 17 Yes 
108.88117 No 
108.881 17 Yes 



Lead horizon C 

Normal Tolerance Limit (K) Calculation for Lead soil horizon C 

K =average+ t((N- l),alpha)*SQRT(l +(IN)) average 2.77 
Where std. dev. 0.26 
t =  Critical value of Student's t distribution t 2.0 1 5 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 4.9464488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB 15A 3.35 4.0560767 28.40 57.747305 No 

No 
No 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 



Mercury horizon B 

Poisson-based Tolerance Limit (K) Calculation for Mercury soil horizon B, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB 10A 0.03 1.5 No 
54SBl lA 0.03 1.5 No 
54SB12A 0.03 1.5 No 
54SB 13A 0.03 1.5 No 
54SB 14A 0.03 1.5 No 
54SB 16A 0.03 1.5 No 
54SB 1A 0.09 1.5 No 
54SB2A 0.13 1.5 No 
54SB3A 5.06 1.5 Yes 
54SB4A 0.03 1.5 No 
54SB5A 0.03 1.5 No 
54SB6A 72.13 1.5 Yes 
54SB7A 0.03 1.5 No 
54SB8A 0.03 1.5 No 

Tn 0.22 
2Tn+2 2.44 
Chi Square (2Tn+2) 6.81867 
n 6 
Lambda Tn 0.5682225 
2(Lambda Tn) 1.136445 
Chi SquareO.O5[2K+2]>= 1.136445 
[2K+2] = 5 
K =  1.5 



Mercury Horizon C 

Poisson-based Tolerance Limit (K) Calculation for Mercury soil horizon C, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSarnpNo Value Limit Limit Exceeded? 
54SB15A 0.03 2 No 
54SB9A 0.03 2 No 
54SB 16B 0.03 2 No 
54SB14B 0.03 2 No 
54SB6B 0.04 2 No 
54SB10B 0.12 2 No 
54SBl lB 0.03 2 No 
54SB12B 0.04 2 No 
54SB2B 0.03 2 No 
54SB3B 0.2 1 2 No 
54SB4B 0.03 2 No 
54SB5B 0.03 2 No 
54SB7B 0.04 2 No 
54SB8B 0.03 2 No 
54SB9B 0.03 2 No 
54SB10D 0.03 2 No 
54SB13B 0.03 2 No 
54SBlB 0.03 2 No 
54SB16D 0.03 2 No 

Tn 0.3 1 
2Tn+2 2.62 
Chi Square (2Tn+2) 7.14479 
n 6 
Lambda Tn 0.5953992 
2(Lambda Tn) 1.1907983 
Chi SquareO.O5[2K+2]>= 1 .I907983 
[2K+2] = 6 
K = 2  



Nickel horizon B 

Normal Tolerance Limit (K) Calculation for Nickel soil horizon B, SWMU 54 

K =average+ t((N-l),alpha)*SQRT(l+( 1 M)) average 2.98 
Where std. dev. 0.4 
t =  Critical value of Student's t distribution t 2.015 
N =  Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 5.1564488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB 10A 2.98 5.0425795 19.71 154.86898 No 



Nickel horizon C 

Normal Tolerance Limit (K) Calculation for Nickel soil horizon C, SWMU 54 

K =average+ t((N- l),alpha)*SQRT(l +(IN)) average 2.69 
Where std. dev. 0.34 
t = Critical value of Student's t distribution t 2.015 
N= Sample size N 6 
alpha = Probability level test is conducted at (here, 0.05) K 4.8664488 

FSampNo LN Value LN Limit Value Limit Limit Exceeded? 
54SB15A 3.26 4.3445926 26.05 77.060635 No 



Selenium horizon B 

Poisson-based Tolerance Limit (K) Calculation for Selenium soil horizon B, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB 10A 0.27 2.5 No 
54SBl lA 0.28 2.5 No 
54SB 12A 0.28 2.3 No 
54SB13A 0.28 2.5 No 
54SB 14A 0.27 2.5 No 
54SB 16A 0.28 2.5 No 
54SB 1A 0.27 2.5 No 
54SB2A 0.25 2.5 No 
54SB3A 0.26 2.5 No 
54SB4A 0.28 2.5 No 
54SB5A 0.28 2.5 No 
54SB6A 0.28 2.5 No 
54SB7A 0.26 2.5 No 
54SB8A 0.27 2.5 No 

Tn 1.62 
2Tn+2 5.24 
Chi Square (2Tn+2) 1 1.4404 
n 6 
Lambda Tn 0.9533667 
2(Lambda Tn) 1.9067333 
Chi SquareO.O5[2K+2]>= 1.9067333 
[2K+2] = 7 
K = 2.5 



Selenium horizon C 

Poisson-based Tolerance Limit (K) Calculation for Selenium soil horizon C, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB15A 0.28 2.5 No 
54SB9A 0.28 2.5 No 
54SB 16B 0.28 2.5 No 
54SB14B 0.27 2.5 No 
54SB6B 0.3 1 2.5 No 
54SB 10B 0.28 2.5 No 
54SBl lB 0.27 2.5 No 
54SB 12B 0.3 2.5 No 
54SB2B 0.28 2.5 No 
54SB3B 0.3 2.5 No 
54SB4B 0.27 2.5 No 
54SB5B 0.29 2.5 No 
54SB7B 0.3 2.5 No 
54SB8B 0.28 2.5 No 
54SB9B 0.28 2.5 No 
54SB 10D 0.26 2.5 No 
54SB 13B 0.27 2.5 No 
54SB 1 B 0.25 2.5 No 
54SB 16D 0.28 2.5 No 

Tn 1.6 1 
2Tn+2 5.22 
Chi Square (2Tn+2) 1 1.4097 
n 6 
Lambda Tn 0.9508083 
2(Lambda Tn) 1.9016167 
Chi SquareO.O5[2K+2]>= 1.90 16 167 
[2K+2] = 7 
K = 2.5 



Silver horizon B 

Poisson-based Tolerance Limit (K) Calculation for Silver soil horizon B, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1 /2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB 10A 0.07 2 No 
54SB 1 1 A 0.01 2 No 
54SB12A 0.01 2 No 
54SB 13A 0.07 2 No 
54SB14A 0.005 2 No 
54SB 16A 0.01 2 No 
54SBlA 0.07 2 No 
54SB2A 0.03 2 No 
54SB3A 0.03 2 No 
54SB4A 0.04 2 No 
54SB5A 0.04 2 No 
54SB6A 0.3 2 No 
54SB7A 0.005 2 No 
54SB8A 0.02 2 No 

Tn 0.585 
2Tn+2 3.17 
Chi Square (2Tn+2) 8.10743 
n 6 
Lambda Tn 0.6756 192 
2(Lambda Tn) 1.3512383 
Chi SquareO.O5[2K+2]>= 1.35 12383 
[2K+2] = 6 
K = 2  



Silver horizon C 

Poisson-based Tolerance Limit (K) Calculation for Silver soil horizon C, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB 15A 0.0 1 1.5 No 
54SB9A 0.02 . 1.5 NO 
54SB 16B 0.01 1.5 No 
54SB14B 0.005 1.5 No 
54SB6B 0.0 1 1.5 No 
54SB 10B 0.03 1.5 No 
54SB 1 1 B 0.01 1.5 No 
54SB 12B 0.0 1 1.5 No 
54SB2B 0.03 1.5 No 
54SB3B 0.04 1.5 No 
54SB4B 0.03 1.5 No 
54SB5B 0.05 1.5 No 
54SB7B 0.01 1.5 No 
54SB8B 0.0 1 1.5 No 
54SB9B 0.04 1.5 No 
54SB10D 0.03 1.5 No 
54SB13B 0.0 1 1.5 No 
54SB 1 B 0.005 1.5 No 
54SB 16D 0.0 1 1.5 No 

Tn 0.04 
2Tn+2 2.08 
Chi Square (2Tn+2) 6.1455 
n 6 
Lambda Tn 0.512125 
2(Lambda Tn) 1.02425 
Chi SquareO.O5[2K+2]>= 1.02425 
[2K+2] = 5 
K =  1.5 



Thallium Horizon B 

Poisson-based Tolerance Limit (K) Calculation for Thallium soil horizon B, SWMU 54 

K = Poisson based tolerance limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB 10A 20.74 32 No 
54SBllA 20.84 3 2 No 
54SB 12A 2 1.4 1 32 No 
54SB 13A 2 1.05 32 No 
54SB14A 20.23 3 2 No 
54SB 16A 20.99 32 No 
54SB 1 A 20.16 32 No 
54SB2A 19.23 32 No 
54SB3A 19.72 32 No 
54SB4A 2 1.25 32 No 
54SB5A 21.39 32 No 
54SB6A 20.97 32 No 
54SB7A 19.6 32 No 
54SB8A 20.74 3 2 No 

Tn 123.64 
2Tn+2 249.28 
Chi Square (2Tn+2) 287.107 
n 6 
Lambda Tn 23.925583 
2(Lambda Tn) 47.85 1 167 
Chi SquareO.O5[2K+2]>= 47.851 167 
[2K+2] = 66 
K = 3 2  



Thallium horizon C 

Poisson-based Tolerance Limit (K) Calculation for Thallium soil horizon C 

K = Poisson based tolerance 'limit 
Where 
Chi square at alpha [2K+2] >= 2(Lambda of Tn) 
Where 
Lambda of Tn = (1/2n)*((Chi Square at alpha) of (2Tn+2) 
Where 
Tn = Poisson count of background 
n = Background sample size 
alpha = Probability level test is conducted at (here, 0.05) 

FSampNo Value Limit Limit Exceeded? 
54SB15A 21.18 31.5 No 
54SB9A 20.92 31.5 No 
54SB16B 21.18 31.5 No 
54SB 14B 20.67 31.5 No 
54SB6B 23.82 31.5 No 
54SB 10B 2 1.02 31.5 No 
54SBl lB 20.77 31.5 No 
54SB12B 22.78 31.5 No 
54SB2B 2 1.05 31.5 No 
54SB3B 22.57 31.5 , No 
54SB4B 20.64 3 1.5 No 
54SB5B 2 1.85 31.5 No 
54SB7B 22.99 31.5 No 
54SB8B 21.39 31.5 No 
54SB9B 2 1.55 31.5 No 
54SB 1 OD 19.62 31.5 No 
54SB13B 20.77 31.5 No 
54SB 1 B 18.77 31.5 No 
54SB16D 21.33 31.5 No 

Tn 121.19 
2Tn+2 244.38 
Chi Square (2Tn+2) 281.844 
n 6 
Lambda Tn 23.487 
2(Lambda Tn) 46.974 
Chi SquareO.O5[2K+2]>= 46.974 
[2K+2] = 65 
K=31.5 



TAIL AREA PROBABILITY CALCULATIONS 



New River Surface Water, Barium 

Tail Area Probabilities 
- -  

Distributions available: 
(1) Bernoulli (7) Beta (13) Lognormal 
(2) Binomial (8) Chi-square (14) Normal 
(3) Discrete uniform (9) Erlang (15) Student's t 
(4) Geometric (10) Exponential (1 6) Triangular 
(5) Negative binomial (1 1) F (17) Uniform 
(6) Poisson (12) Gamma (18) Weibull 

Distribution number: 13 

Mean: 3.22 

Standard deviation: 0.0046 19 

Area at or below 3.27 = 1. Sample: NRSW4 
Area at or below 3.05 = 0. Sample: NRSW5 
Area at or below 3.21 = 0.015094 Sample: NRSW6 
Area at or below 3.28 = 1. Sample: SPG3SW 1 



New River Sediment, Barium 

Tail Area Probabilities 
............................................................................... 
Distributions available: 

(1) Bernoulli (7) Beta (1 3) Lognormal 
(2) Binomial (8) Chi-square ( 14) Normal 
(3) Discrete uniform (9) Erlang (15) Student's t 
(4) Geometric (1 0) Exponential (1 6) Triangular 
(5) Negative binomial (1 1) F ( 1 7) Uniform 
(6) Poisson (12) Gamma (1 8) Weibull 

Distribution number: 13 

Mean: 5.49 

Standard deviation: 0.5063 17 

Area at or below 4.58 = 0.027226 Sample: NRSE4 
Area at or below 5.19 = 0.286 173 Sample: NRSE5 
Area at or below 4.70 = 0.050275 Sample: NRSE6 
Area at or below 6.55 = 0.97525 Sample: SPGSEl 

95th Percentile of Background = 6.36 



New River Sediment, Benz(a) anthracene 

Tail Area Probabilities 
----------------------------------------------------*----------------------- 

Distributions available: 
(1) Bernoulli (7) Beta ( 1 3) Lognormal 
(2) Binomial (8) Chi-square (14) Normal 
(3) Discrete uniform (9) Erlang (1 5) Student's t 
(4) Geometric (1 0) Exponential (16) Triangular 
(5) Negative binomial (1 1) F ( 17) Uniform 
(6) Poisson (1 2) Gamma ( 1  8) Weibull 

Distribution number: 14 

Mean: 0.54 

Standard deviation: 0.202672 

Area at or below 0.03 = 0.005928 Sample: NRSE4 
Area at or below 0.09 = 0.0 13 198 Sample: NRSE5 
Area at or below 0.40 = 0.244853 Sample: NRSE6 

95th Percentile of Background = 0.87 



New River Sediment, Beryllium 

Tail Area Probabilities 
................................................................................ 
Distributions available: 

(1) Bernoulli (7) Beta ( 13) Lognormal 
(2) Binomial (8) Chi-square (14) Normal 
(3) Discrete uniform (9) Erlang (1 5) Student's t 
(4) Geometric (10) Exponential (16) Triangular 
(5) Negative binomial (1 1) F (17) Uniform 
(6) Poisson (12) Gamma (1 8) Weibull 

Distribution number: 14 

Mean: 1.26 

Standard deviation: 1.536045 

Area at or below 0.99 = 0.430233 Sample: NRSJ3 
Area at or below 1.3 1 = 0.5 12987 Sample: NRSES 
Area at or below 0.33 = 0.272438 Sample: NRSE6 
Area at or below 4.23 = 0.973415 Sample: SPG3SE1 

95th Percentile of Background = 3.79 



New River Sediment, Chromium 

Tail Area Probabilities 
------------------------------------------------------------------------------- 
Distributions available: 

(1) Bernoulli (7) Beta (1 3) Lognormal 
(2) Binomial (8) Chi-square ( 14) Normal 
(3) Discrete unifonn (9) Erlang (15) Student's t 
(4) Geometric (1 0) Exponential (1 6) Triangular 
(5) Negative binomial (1 1) F ( 1 7) Uniform 
(6) Poisson ( 12) Gamma (1 8) Weibull 

Distribution number: 13 

Mean: 3.88 

Standard deviation: 0.443074 

Area at or below 3.63 = 0.298672 Sample: NRSE4 
Area at or below 3.45 = 0.16477 1 Sample: NRSES 
Area at or below 3.2 1 = 0.053863 Sample: NRSE6 
Area at or below 4.14 = 0.734587 Sample: SPG3SEl 

95th Percentile of Background = 4.65 



New River Sediment, Chrysene 

Tail Area Probabilities 
-----------------------------------------------------------*---------------- 

Distributions available: 
(1) Bernoulli (7) Beta (1 3) Lognormal 
(2) Binomial (8) Chi-square j 14) Normal 
(3) Discrete uniform (9) Erlang (1 5) Student's t 
(4) Geometric (1 0) Exponential (1 6) Triangular 
(5) Negative binomial (1 1) F ( 17) Uniform 
(6) Poisson (1 2) Gamma (1 8) Weibull 

Distribution number: 14 

Mean: 0.90 

Standard deviation: 0.686824 

Area at or below 0.02 = 0.10005 1 Sample: NRSE4 
Area at or below 0.10 = 0.122053 Sample: NRSES 
Area at or below 0.53 = 0.295041 Sample: NRSE6 

95th Percentile of Background = 2.04 



New River Sediment, Fluoranthene 

Tail Area Probabilities 
............................................................................... 
Distributions available: 

(1) Bernoulli (7) Beta (1 3) Lognormal 
(2) Binomial (8) Chi-square (1 4) Normal 
(3) Discrete uniform (9) Erlang ( 15) Student's t 
(4) Geometric ( 10) Exponential (1  6) Triangular 
(5) Negative binomial ( 1  1 ) F (17) Unifonn 
(6) Poisson (12) Gamma (1 8) Weibull 

Distribution number: 14 

Mean: 0.4 1 

Standard deviation: 0.34588 1 

Area at or below 0.08 = 0.1700 1 9 Sample: NRSE4 
Area at or below 0.1 1 = 0.192874 Sample: W E 5  
Area at or below 0.50 = 0.602649 Sample: W E 6  

95th Percentile of Background = 0.98 



New River Sediment Lead 

Tail Area Probabilities ----------------------------------------------------.-------------------------- 
Distributions available: 

(1) Bernoulli (7) Beta ( 13) Lognormal 
(2) Binomial (8) Chi-square (14) Normal 
(3) Discrete uniform (9) Erlang ( 15) Student's t 
(4) Geometric (1 0) Exponential (1 6) Triangular 
(5) Negative binomial ( I 1) F ( 1  7) Uniform 
(6) Poisson (12) Gamma (1 8) Weibull 

Distribution number: 13 

Mean: 5.07 

Standard deviation: 0.20 

Area at or below 8.39 = 1 .  Sample: NRSE4 
Area at or below 5.39 = 0.942008 Sample: NRSE5 
Area at or below 4.96 = 0.295786 Sample: W E 6  
Area at or below 6.3 1 = 1 .  Sample: SPG3SE1 

95th Percentile of Background = 5.41 



New River Sediment, Nickel 

Tail Area Probabilities 
........................................................................... 
Distributions available: 

(1) Bernoulli (7) Beta (1 3) Lognormal 
(2) Binomial (8) Chi-square (14) Normal 
(3) Discrete uniform (9) Erlang ( 1 5) Student's t 
(4) Geomemc (10) Exponential (1 6) Triangular 
(5) Negative binomial (1 1) F ( 1 7) Uniform 
(6) Poisson ( 1  2) Gamma (1 8) Weibull 

Distribution number: 13 

Mean: 3.24 

Standard deviation: 0.6 1909 

Area at or below 2.58 = 0.13389 Sample: NRSE4 
Area at or below 2.76 = 0.2260 1 Sample: NRSES 
Area at or below 2.52 = 0.108891 Sample: NRSE6 
Area at or below 3.97 = 0.878536 Sample: SPG3SE1 

95th Percentile of Background = 4.35 



New River Sediment, Phenanthrene 

Tail Area Probabilities 
............................................................................... 
Distributions available: 
(1) Bernoulli (7) Beta ( 1 3) Lognormal 
(2) Binomial (8) Chi-square ( 14) Normal 
(3) Discrete uniform (9) Erlang ( 15) Student's t 
(4) Geometric ( 10) Exponential ( 16) Triangular 
(5) Negative binomial ( 1 1) F ( 17) Uniform 
(6) Poisson ( 12) Gamma (1 8) Weibull 

Distribution number: 14 

Mean: 0.69 

Standard deviation: 0.164939 

Area at or below 0.02 = 0.000024 Sample: NRSE4 
Area at or below 0.1 1 = 0.000219 Sample: NRSE4 
Area at or below 0.35 = 0.0 19634 Sample: NRSE4 

95th Percentile of Background = 0.96 



New River Sediment, Pyrene 

Tail Area Probabilities 

Distributions available: 
(1) Bernoulli (7) Beta ( 13) Lognormal 
(2) Binomial (8) Chi-square (14) Normal 
(3) Discrete uniform (9) Erlang ( 15) Student's t 
(4) Geometric (10) Exponential (16) Triangular 
(5) Negative binomial ( 1 1 ) F (1 7) Uniform 
(6) Poisson (12) Gamma (1 8) Weibull 

Distribution number: 14 

Mean: 0.73 . 

Standard deviation: 0.307338 

Area at or below 0.06 = 0.0 14628 Sample: NRSE4 
Area at or below 0.15 = 0.029568 Sample: NRSES 
Area at or below 0.76 = 0.538883 Sample: NRSE6 

95th Percentile of Background = 1.24 



New River Sediment, Silver 

Tail Area Probabilities 

Distributions available: 
(1) Bernoulli (7) Beta (13) Lognormal 
(2) Binomial (8) Chi-square (14) Normal 
(3) Discrete uniform (9) Erlang ( 15) Student's t 
(4) Geomemc (1 0) Exponential (1 6) Triangular 
(5) Negative binomial (1 1) F (1 7) Uniform 
(6) Poisson (12) Gamma (1 8) Weibull 

Distribution number: 14 

Mean: 0.13 

Standard deviation: 0.036502 

Area at or below 0.10 = 0.205574 Sample: NRSE4 
Area at or below 0.10 = 0.205574 Sample: NRSE5 
Area at or below 0.1 1 = 0.291 874 Sample: NRSE6 
Area at or below 0.22 = 0.993161. Sample: SPG3SE 1 

95th Percentile of Background = 0.19 



APPENDIX I 

RISK CALCULATION TABLES 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 17 
Ex~osure Scenario: Commercial Worker Exposure to GROUNDWATER--Ingestion 

CHEMICAL - 
Antimony 
Barium 
Beryllium 

Total Hazard Index-CT: 0.26 
Total Hazard Index-RME: 1.02 
Total Cancer Risk-CT: 1.16E-06 
Total Cancer Risk-RME: 2.32E-05 



EKimY Radford Army Ammunition Plant, VA 
Site Name: SWMU 17 
Bxposure Scenario; Commercial Worker Exposure to GROUNDWATER--Dermal (Showering) 

Antimony 
Barium 
Beryllium 

Total Hazard Index-ff: 0.12 
Total Hazard Index-RME: 0.46 
Total Cancer Risk-ff: 5.27E-07 
Total Canwr Risk-RUE: 1 .ME-05 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17A 
Ex~osure Scenario: Commercial Worker Exposure to Surface Soil-Ingestion 

CHEMICAL 

Arsenic 
Barium 
Beryllium 
cadmium 
Chromium 111 
Lead 
Mercury 
Nickel 
Silver 

EP CONCENTRATIONS 

Total Pathwov Exposure Risks 
Total Hazard Index-CT: 0.09 
Total Hazard Index-ME: 0.35 
Total Cancer Risk-CT: 2.74E-06 
Total Cancer Risk-ME: 5.4dE-05 

HAZARD INDEX-RME CANCER R I S K a  CANCER RISK-RME 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 17A 
Ex~osure Scenario: Commercial Worker Exposure to Surface Soil--Dermal 

CHEMICAL 

Arsenic 
Barium 
Beryllium 
Cadmium 
chromiumm 
Lead 
Mercury 
Nickel 
Silver 

EP CONCENTRATIONS 

Total Pdhwcry b o r n r e  Rirks 
Total Hazard Index-CT: 0.19 

HAZARD INDEX-Cr HAZARD INDEX-RME CANCER RISK-Cr CANCER RISK-RME 

Total Hazard Index-RME: 0.50 
Total Cancer Risk-CT: 7.13E-06 
Total Cancer Risk-RME: 9.25E-05 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17A 
Ex~osure Scenario: Commercial Worker Exposure to Surface Soil--Inhalation of Particulates 

CHEMICAL 

Arsenic 
Barium 
Beryllium 
Cadmium 
chromium 111 
Lead 
Mercury 
Nickel 
Silver 

EP CONCENTRATIONS 

Total P a t h w  Ex~osure Ruks 
Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: 6.61514 
Total Cancer Risk-RME: 9.96513 

RAZARD INDEX-RME CANCER RISKCT CANCER RISK-RME 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 17A 
Exposure Scenario: Hunter Exposure to Surface Soil-Ingestion 

CHEMICAL EP CONCENTRATIONS HAZARD INDEXCT HAZARD INDEX-RME CANCER RISK-CX 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Lead 
Mercury 
Nickel 
Silver 

Total Potkwav Emosure Rirks 
Total Hazard Index-CT: 0.02 

CANCER RISK-RME 

Total Hazard Index-RME: 0.06 
Total Canm Risk-CT: 9.86E-07 
Total Cancer Risk-RME: 1.7 1 E-05 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17A 
Ex~osure Scenario: Hunter Exposure to Surface Soil--Dermal 

CHEMICAL 

Arsmic 
Barium 
Beryllium 
Cadmium 
Chromium XI1 
Lead 
Mercury 
Nickel 
Silver 

EP CONCENTRATIONS 

Total Pathwav b o s u r e  Rkks 
Total Hazard Index-CT: 0.02 
Total Hazard Index-RME: 0.05 
Total Cancer Risk-CT: 1.61E-06 
Total Cancer Risk-RME: 1.7SE-05 

HAZARD INDEX-RME CANCER RISKCT CANCER RISK-RME 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17A 
Ex~osure Scenario: Construction Worker Exposure to Surface Soil--Ingestion 

CHEMICAL 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Lead 
Mercury 
Nickel 
Silver 

EP CONCENTRATIONS 

Total P a t h w  Exuosure Rirks 
Total Hazard IndexCT: 0.35 
Total Hazard Index-RME: 1.70 
Total Cancer Risk-CT: 1.1 OE-06 
Total Cancer Risk-RME: 2.10E-05 

JIAZARD INDEX-RME CANCER RISKAT CANCER RISK-RME 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17A 
Ex~osure Scenario: Construction Worker Exposure to Surface Soil--Dermal 

CHEMICAL 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Lead 
Mercury 
Nickel 
Silver 

EP CONCENTRATIONS 

Total Pathwrrv Exposure Rirks 
Total Hazard IndexCT: 0.39 

HAZARD INDEX-RME CANCER RISK-CT CANCER RISK-RME 

Total Hazard Index-ME: 0.50 
Total Cancer Risk-CT: 1.43E-06 
Total Cancer Risk-ME: 7.40E-06 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17A 
Exposure Scenario: Construction Worker Exposure to Surface Soil--Inhalation of Particulates 

CHEMICAL EP CONCENTRATIONS HAZARD INDEX-CT HAZARD INDEX-RME CANCER RISK-t3 CANCER RISK-RME 

Anmic 
Barium 
Beryllium 
Cadmium 
Chromium III 
Lead 
Mercury 
Nickel 
Silver 

Total Pahnwv Exposure Risks 
Total Hazard Index-CT: 0.00 
Total Hazsrd Index-RME: 0.00 
Total Cancer RiskCT: 3.19E-14 
Total Cancer Risk-RME: 2.23E-13 * 



Facilitv Radford Army Ammunition Plant, VA 
Site Name; SWMU 17A 
Exposure Scenario: Construction Worker Exposure to Subsurface Soil--Ingestion 

CHEMICAL - 
Antimony 
Arsenic 
Barium 
B e r n  (a) anthracene 
Benzo @) fluomthene 
Benm (g,h,i) perylene 
Benzo (k) fluomthene 
bis (2-Ethyl hexyl) Phthalate 
Cadmium 
Chromium 111 
Chrysene 
Fluoranthene 
Lead 
Nickel 
Phenanthrene 
Pyrene 
Silver 

Total Hazard Index-m: 0.32 
Total Hazard Index-RME: 3.06 
Total Cancer Risk-m: 4.99E-07 
Total Cancer Risk-RME: 1.92E-05 



Edl.& Radford Army Ammunition Plant, VA 
Site Name; SWMU 17A 
Ex~osure Scenario; Construction Worker Exposure to Subsurface Soil--Dermal 

CHEMICAL - 
Antimony 7.16E41 
Arsenic 9.49E41 
Barium 5.13E43 
Benzo (a) anthracene 9.218-02 
Benzo (b) fluoranthene 4.43E-01 
Benzo (g,h,i) perylene 4.22E-01 
Benzo (k) fluoranthene 1.65E-0 1 
bis (2-Ethyl hexyl) Phthalate 5 .91Em 
Cadmium 1.37E41 
Chromium 111 2.05E+03 
Chrysene 7.94E-02 
Fl uoranthene 7.30E-02 
Lead 5.26E+03 
Nickel 9.03E+02 
Phenanthrene 9.30E-02 
Pyrene 1.71E-01 
Silver 4.23E+01 

Total Hazard Index-CT: 3.47 
Total Hazard Index-RME: 8.99 
Total Cancer Risk-CT: 2.89E-07 
Total Cancer Risk-RME: 3.00E-06 



Facilitv Radford Army Ammunition Plant, VA 
Site Name; SWMU 17A 
Exposure Scenario: Construction Worker Exposure to Subsurface Soil--Inhalation of Particulates 

CHEMICAL 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 111 
Lead 
Nickel 
Silver 

Total Hazard Index-a:  0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: 6.40E-IS 
Total Cancer Risk-RME: 7.708-14 



hmY Radford Army Ammunition Plant, VA 
Site Name: SWMU 17A 
Ex~osure Scenario: Construction Worker Exposure to Subsurface Soil--Inhalation of Volatiles 

CHEMICAL EPCONCENTRATIONS 

Benzo (a) anthracene 
Benw @) fluoranthene 
Benw (g,h,i) perylene 
B e r n  (k) fl-wranthene 
bis (2-Eth,~ hexyl) Phthalate 
Chrysene 
Fluoranthene 
Phenanthrene 
Pyrene 

Total Hazard Index-CT: 0.00 
Total Haz-~d lndex-RME: 0.00 
Total Ca.~cer Rtsk-CT: 8.85E-09 
Total Cancer Risk-RME: 1.07E-07 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 17BCD 
Exposure Scenario: Commercial Worker Exposure to Surface Soil--Ingestion 

CHEMICAL 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium In 
Lead 
M m r y  
Nickel 
Silva 

Total Pafhwv  LCworure Risks 
Total Hazard Index-CT: 0.04 
Total Hazard Index-RME: 0.17 
Total Cancer Risk-CT: !.47E 96 
Total Cancer Risk-RME: 2.95E-05 

HAZARD INDEX-RME CANCER RISKCT CANCER RISK-RME 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17BCD 
Ex~osure Scenario: Commercial Worker Exposure to Surface Soil--Dermal 

CHEMICAL EP CONCENTRATIONS HAZARD INDEXAT RAZARD INDEX-RME CANCER RISKAT 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Mercury 
Nickel 
Silver 

Total Pafhwav Exposure Risks 
Total Hazard Index-CT: 0.09 

CANCER RISK-RME 

Total Hazard Index-RME: 0.23 
Total Cancer Risk-CT: 1.45E-05 
Total Can= Risk-RME: 1.89E-04 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17BCD 
Exposure Scenario: Commercial Worker Exposure to Surface Soil--Inhalation of Particulates 

CHEMICAL 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Lead 
Mercury 
Nickel 
Silver 

Total Pafhwrrv Exposure Ruks 
Total Hazard IndexCT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer RiskCT: 3.21E-14 
Total Cancer Risk-RME: 4.83E- 13 

HAZARD INDEX-CT CANCER RISK-CT CANCER RISK-RME 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17BCD 
Ex~osure Scenario: Hunter Exposure to Surface Soil-Ingestion 

CHEMICAL 

Arscnic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Lead 
Mercury 
Nickel 
Silver 

EP CONCENTRATIONS 

Total Pathwav Exposure Risks 
Total Hazard IndexCT: 0.01 
Total Hazard Index-RME: 0.03 
Total Cancer RiskCT: 5.3 1E-07 
Total Cancer Risk-RME: 9.20E-06 

HAZARD INDEX-RME CANCER RISKAX CANCER RISK-RME 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17BCD 
Exposure Scenario: Hunter Exposure to Surface Soil--Dermal 

CHEMICAL 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Lead 
Mercury 
Nickel 
Silver 

EP CONCENTRATIONS 

Total Pathwa~ Exposure Rirks 
Total Hazard Index-CT: 0.01 

HAZARD INDEX-CT HAZARD INDEX-RME CANCER RISK-CT CANCER RISK-RME 

Total Hazard Index-RME: 0.02 
Total Cancer Risk-CT: 3.28E-06 
Total Cancer Risk-RME: 3.57E-05 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17BCD 
Exposure Scenario: Construction Worker Exposure to Surface Soil--Ingestion 

CHEMICAL 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Lead 
Mercury 
Nickel 
Silver 

EP CONCENTRATIONS 

Total Pa thwy  Exposure Ricks 
Total Hazard lndex-CT: 0.17 
Total Hazard Lndex-RME: 0.80 
Total Cancer Risk-CT: 5.90E-07 
Total Cancer Risk-RME: 1.13E-05 

HAZARD INDEXCT HAZARD INDEX-RME CANCER RISKCT CANCER RISK-RME 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17BCD 
Exposure Scenario: Construction Worker Exposure to Surface Soil--Dermal 

CHEMICAL 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 111 
Lead 
Mercury 
Nickel 
Silver 

EP CONCENTRATIONS 

Total Pathway Exposure Risks 
Total Hazard Index-CT: 0.17 
Total Hazard Index-ME: 0.23 
Total Cancer Risk-CT: 2.91E-06 
Total Cancer Risk-ME: 1.5 1E-05 

HAZARD INDEXCT HAZARD INDEX-RME CANCER RlSKCT CANCER RISK-RhlE 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17BCD 
Exposure Scenario: Construction Worker Exposure to Surface Soil--Inhalation of Particulates 

CHEMICAL EP CONCENTRATIONS HAZARD INDEXCT HAZARD INDEX-RME CANCER RISKCT CANCER RISK-RME 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium I11 
Lead 
Mercury 
Nickel 
Silver 

Torol Pathway Exposure Rkks 
Total Hazard lndex-CT: 0.00 
Total Hazard Index-RME: 0.00 
TotaI Cancer Risk-CT: 1.55E-14 
Total Cancer Risk-RME: 1.08E-13 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17BCD 
Exposure Scenario: Construction Worker Exposure to Subsurface Soil--Ingestion 

CHEMICAL EP CONCENTRATIONS HAZARD INDEX-CT HAZARD INDEX-RME CANCER RISK-CT CANCER RISK-RME 

Arsenic 
Lead 

Total Pathwav Exposure Risks 
Total Hazard Index-CT: 0.03 
Total Hazard Index-ME: 0.13 
Total Cancer RiskCT: 8.52E-08 
Total Cancer Risk-ME: 1.64E-06 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 17BCD 
Exposure Scenario: Construction Worker Exposure to Subsurface Soil--Dermal 

CHEMICAL EP CONCENTRATIONS HAZARD INDEX-CT HAZARD INDEX-RME CANCER RISK-CT CANCER RISK-RME 

Arsenic 
Lead 

Total Pathway Exposure Risks 
Total Hazard IndexCT: 0.01 
Total Hazard Index-ME: 0.01 
Total Cancer RiskCT: 3.93E-08 
Total Cancer Risk-ME: 2.04E-07 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 17BCD 
Exposure Scenario: Construction Worker Exposure to Subsurface Soil--Inhalation of Particulates 

CHEMICAL EP CONCENTRATIONS HAZARD INDEX-CT HAZARD INDEX-RME CANCER RISK-CT CANCER RISK-RME 

Arsenic 
Lead 

Total Pathwav Exposure Risks 
Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: 2.49E-15 
Total Cancer Risk-RME: 1.74E14 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 31 
Ex~osure Scenario: Commercial Worker Exposure to GROUNDWATER--Ingestion 

CHEMICAL - 
Antimony 
Barium 
Beryllium 
Seleniur 

Total Hazard Index-CT: 0.26 
Total Hazard lndex-RME: 1.05 
To'al Cancer Risk-CT: 1.21E-06 
Total Cancer Risk-RME: 2.428-05 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 31 
Ex~osure Scenario: Commercial Worker Exposure to GROUNDWATER--Dermal (Showering) 

Antimony 
Barium 
Beryllium 
Selenium 

h k z l m a y - ~  
Total Hazard Index-CT: 0.12 
Total Hazard Index-RME: 0.47 
Total Cancer Risk-CT: 5.501i-07 
Total Cancer Risk-RME: 1 .lOE-05 



Facilitv Radford Army Ammunition Plant, VA 
Site Name; SWMU 48 
Exposure Scenario: Commercial Worker Exposure to GROUNDWATER--Ingestion 

P 
Chemical conanuation (mglL) 
Ingestion Rate (Uday) 
Exposure Frequency (day*) 
Exposure Duration 075.) 
Conversion Factor 
Body Weight (Kg) 
Averaging T i m  Non-carcinogenic (days) 
Anraging T i m  Carcinogenic (days) 

CHEMICAL - 
I , I .  l -Trichloroethane 1 .WE-03 
I , I  -Dichloroethane 7.32E-04 
I . I  -Dichloroethene 6.09E-04 
Barium 1.85E-01 
Beryllium 3.36E-03 
bis (2-Ethyl hexyl) phthalate I .O2E-CL 
Carbon tetrachloride 6.93E-03 
Chloroform 2.66E-03 
Methylene chloride 6.09E-LI~ 
Tetrachloroethene 6.22E-04 
Trichloroethene 7.67E-03 

Total Hazard Index-m: 0.03 
Total Hazard Index-RME: 0.13 
Total Cancer Risk-CT: 1 .27E-06 
Total Cancer Risk-RME: 2.54E-05 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 48 
Ex~osure Scenario: Commercial Worker Exposure to GROUNDWATER--Dermal (Showering) 

P 
Chemical concentration (mgL) 
Exposure T i m  (hrs/&y) 
Exposun Frequency (dayslyr) 
Skin Surface Area (cmA2) 
Exposun Duration Cyrs.) 
Conversion Factor 
Body Weight (Kg) 
Averaging T i m  Non-carcinogenic 
Averaging T i m  Carcinogenic (daj 

CHEMICAL - 
1 . 1  . I  -Trichloruethane 
I ,  1 -Dichloruethane 
1 . 1  -Dichloroethene 
Barium 
Beryllium 
bis (2-Ethyl hexyl) Phthalate 
Carbon tetrachloride 
Chloroform 
Methylene chloride 
Tetrachloruethene 
Trichloruethene 

Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: 4.708-07 
Total Cancer Risk-RME: 9.44E-06 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 48 
Exposure Scenario: Commercial Worker Exposure to GROUNDWATER--Inhalation of Volatiles (Showerin 

P 
Chemical concentration (m@) 
Exposure T i m  Ous/day) 
Exposure Frequency (dayslyr) 
lnhalation Rate (mA3hour) 
Exposure Duration Cyrs.) 
Conversion Facia 
Body Weight (Kg) 
Averaging Time Non-carcinogenic (days) 
Averaging T i m  Carcinogenic (days) 

CHEMICAL - 
1 . 1 . 1  -Trichloroethane 
I . I  -Dichloroethane 
I . I  -Dichloroethene 
Barium 
Beryllium 
b ~ s  (2-Ethyl hexyl) Phthalate 
Carbon tetrachloride 
Chloroform 
Methylene chloride 
Tebachloroethene 
Trichloroethene 

Pathwa- 
Total Hazard Index-CT: 0.69 
Total Hazard Index-RME: 3.38 
Total Cancer Risk-CT: 8.61 E-08 
Total Cancer Risk-RME: 2.10E-06 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 48 
Exposure Scenario: Commercial Worker Exposure to Surface Soil--Ingestion 

CHEMICAL EP CONCENTRATIONS 

Arsenic 9.78E40 
Barium 7.58E+02 
Beryllium 2.15E+00 
bis (2-Ethyl hexyl) phthalate 1.99E+00 
Chromium I11 5.87E+01 
Chrysene 2.82E-01 
Di-n-butyl phthalate 1.23E+01 
Lead 1.96E+02 
Mercury 1.47E+00 
Nickel 3.12ENl 
Phenanthrene 1.00E+00 
Selenium 1.00E+00 
Silver 6.45E-02 

Total Pathway Exposure Risks 
Total Hazard Index-CT: 0.01 

HAZARD INDEX-f l  

0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

HAZARD INDEX-RME 

0.03 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

CANCER RISK-CT 

2.56E-07 
0.00E+00 
1.61E-07 
4.86E-10 
0.00E40 
3.60E-11 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E40 
0.00E+00 
0.00E+00 
0.00E+00 

CANCER RISK-RME 

5.13E-06 
0.00E+00 
3.22E-06 
9.72E-09 
0.00E+00 
7.20E-10 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

Total Hazard Index-RME: 0.05 
Total Cancer Risk-CT: 4.18E-07 
Total Cancer Risk-RME: 8.36E-06 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 48 
Exposure Scenario: Commercial Worker Exposure to Surface Soil-Dermal 

CHEMICAL EP CONCENTRATIONS 

h m i c  9.78E+00 
Barium 7.58E+02 
Beryllium 2.15E+00 
bis (2-Ethyl hexyl) phthalate 1.99E+00 
Chromium 111 5.87EMl 
Chrysene 2.82E-01 
Di-n-butyl phthalate 1.23E+01 
Lead 1.96E+02 
Mercury 1.47E+00 
Nickel 3.12E+01 
Phenanduene 1.00Et00 
Selenium 1.00E+00 
Silver 6.45E-02 

Total Pathwav Exposure Risks 
Total Hazard Index-CT: 0.13 
Total Hazard Index-WE: 0.33 
Total Cancer Risk-CT: 1.04E-05 
Total Cancer Risk-WE: 1.35E-04 

HAZARD INDEX-RME 

0.02 
0.09 
0.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.20 
0.02 
0.00 
0.00 
0.00 

CANCER RISK-CT 

2.36E-07 
0.00E+00 
1.02E-05 
c OOE+OO 
d.OOE+OO 
3.79E-10 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
O.OOE cOO 
0.00E+00 
0.00E+00 

CANCER RISK-RME 

3.06E-06 
0.00E+00 
1.32E-04 
0.00E+00 
0.00E+00 
4.92E-09 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 48 
Exposure Scenario: Commercial Worker Exposure to Surface Soil--Inhalation of Volatiles 

CHEMICAL EP CONCENTRATIONS HAZARD INDEX- HAZARD INDEX-RME CANCER RISK- CANCER RISK-RME 

bis (2-Ethyl hexyl) phthalale 1.99Ei-00 
Chrysme 2.82E-01 
Di-n-butyl phthalare 1.23E+0 1 
Phenanthrme 1 .OOE+00 

Total Pafhwav Exposure Rirks 
Total Hazard Index-CT: 0.00 
Total Hazard Index-ME: 0.00 
Total Cancer Risk-CT: 5.32E-17 
Total Cancer Risk-ME: 8.0 1E-16 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 48 
Exposure Scenario: Commercial Worker Exposure to Surface Soil--Inhalation of Particulates 

CHEMICAL EP CONCENTRATIONS AAZARD INDEX-CT HAZARD INDEX-RME CANCER RISK-CT CANCER RISK-RME 

Arsenic 
Barium 
Beryllium 
Chromium 111 
Lead 
Mercury 
Nickel 
Selenium 
Silver 

Total Pathwav Exposure Risks 
Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: 6.98E-15 
Total Cancer Risk-RME: 1.05E-13 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 48 
Exposure Scenario: Hunter Exposure to Surface Soil--Ingestion 

CHEMICAL EP CONCENTRATIONS 

Arsenic 
Barium 
Beryllium 
bis (2-Ethyl hexyl) phthalate 
Chromium Ill 
Chrysene 
Di-n-butyl phthalate 
Lead 
Mercury 
Nickel 
Phenanthme 
Selmjum 
Silver 

Total Paihwav Exposure Risks 
Total Hazard Index-CT: 0.00 
Total Hazard Index-Rh4E: 0.01 
Total Cancer RiskCT: 1.50E-07 
Total Cancer Risk-Rh4E: 2.61 E-06 

CANCER RISK-CT CANCER RISK-RME 

1.60E-06 
0.00E+00 
1.01E-06 
3.03M9 
O.O0E+00 
2.25E-10 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
O.OOE+00 
0.OOEHlO 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 48 
Ex~osure Scenario: Hunter Exposure to Surface Soil--Dermal 

CHEMICAL EP CONCENTRATIONS 

Arsenic 9.78E+00 
Barium 7.58E+02 
BRyllium 2.15E+00 
bis (2-Ethyl hexyl) phthalate 1.99E+00 
Chmmium III 5.87E+01 
Chrysene 2.82841 
Di-n-butyl phthalate 1.23E+01 
Lead 1.96E+02 
Mercury 1.47E+00 
Nickel 3.12E+01 
Phenanthrene 1.00E+00 
Selenium 1.00E+00 
Silver 6.45E-02 

Toral Pathwav Exuosure Risks 
Total Hazard Index-CT: 0.02 

HAZARD INDEXCT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.0 1 
0.00 
0.00 
0.00 
0.00 

HAZARD INDEX-RME 

0.00 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
0.00 
0.00 
0.00 
0.00 

CANCER RISK-CT 

5.33E-08 
0.00E+00 
2.30E-06 
0.00E+00 
0.00E+00 
8.55E-11 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

CANCER RISK-RME 

5.81E-07 
0.00E+00 
2.50E-05 
0.00E+00 
0.00E+00 
9.32E-10 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

Total Hazard Index-ME: 0.03 
Total Cancer Risk-CT: 2.35E-06 
Total Cancer Risk-ME: 2.56E-05 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 48 
Ex~osure Scenario: Construction Worker Exposure to Surface Soil--Ingestion 

CHEMICAL EP CONCENTRATIONS 

Arsenic 9.78E40 
Barium 7.58E+02 
Beryllium 2.15EMO 
bis (2-Ethyl hexyl) phthalate 1.99E40 
Chromium I11 5.87E+01 
C h ~ e  2.82E-01 
Di-n-butyl phthalate 1.23E+01 
Lead 1.96E42 
Mercury 1.47EMO 
Nickel 3.12E41 
Phenanhene 1.00E+00 
Selenium 1.00E+00 
Silver 6.45E-02 

Totol Pothwv Exposure Rirks 
Total Hazard Index-CT: 0.05 
Total Hazard Index-RME: 0.24 
Total Cancer RiskCT: 1.67E-07 
Total Cancer Risk-RME: 3.21E-06 

HAZARD INDEX-CT 

0.03 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

HAZARD INDEX-RME 

0.15 
0.05 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
0.01 
0.00 
0.00 
0.00 

CANCER R I S K 0  

1.03E-07 
0.00E+00 
6.45E-08 
1.94E-10 
0.00E+00 
1.44E-11 
0.00E+00 
O.OOE4O 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

CANCER RISK-RME 

1.97E-06 
0.00E+00 
1.24E-06 
3.73E-09 
O.OOE+00 
2.76E-10 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 48 
Exposure Scenario: Construction Worker Exposure to Surface Soil--Dermal 

CHEMICAL EP CONCENTRATlONS 

Arsenic 9.78E+00 
Barium 7.58E+02 
Beryllium 2.15E+00 
bis I?.-Ethyl hexyl) phthalate 1.99EMO 
C:romium 111 5.87E+01 
C-e 2.82E-01 
Di-n-butyl phthalate 1.23EMI 
Lead 1.96E+02 
Mercury 1.47E+00 
Nickel 3.12E+01 
PhenanUuene 1.00E+00 
Seleniun~ 1.00E+00 
Silver 6.45E-02 

Total Pathwav Emosure Ruks 
Total Hazard Index-CT: 0.26 
Total Hazard Index-ME: 0.33 
Total Canm Risk-CT: 2.09E-06 
iotal Cancer Risk-ME: 1.08E-05 

HAZARD INDEXCT 

0.0 1 
0.07 
0.0 1 
0.00 
0.00 
0.00 
0.00 
0.00 
0.15 
0.01 
0.00 
0.00 
0.00 

HAZARD INDEX-RME 

0.02 
0.09 
0.02 
0.00 
0.00 
0.00 
0.00 
0.00 
0.20 
0.02 
0.00 
0.00 
0.00 

CANCER RISKCT 

4.72E-08 
0.00E+00 
2.04E-06 
0.00E+00 
O.OOE+00 
7.5851 1 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 

CANCER RISK-RME 

2.45E-07 
0.00E+00 
1.06E-05 
0.00E+00 
O.OOE+0O 
3.93E-10 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 48 
Exposure Scenario: Construction Worker Exposure to Surface Soil--Inhalation of Volatiles 

CHEMICAL EP CONCENTRATIONS HAZARD INDEX-CT HAZARD INDEX-RME CANCER RISK-CT CANCER RISK-RME 

bis (2-Ethyl hexyl) phthalate 1.99E+00 
Chr~sene 2.82M1 
Di-n-butyl phthalate 1.23E+01 
Phenanthrme 1.00E+00 

Total Pathwav Exporure Rirks 
Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: X6E-17 
Total Cancer Risk-RME: 1.79E-16 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 48 
Exposure Scenario: Construction Worker Exposure to Surface Soil--Inhalation of Particulates 

CHEMICAL EP CONCENTRATIONS HAZARD INDEX-tT HAZARD INDEX-RME CANCER RISK-tT CANCER RISK-RME 

Arsenic 
Barium 
Beryllium 
Chromium 111 
b a d  
Mercury 
Nickel 
Selenium 
Silver 

Total Pa!hnnv Exposure Rirks 
Total Hazard Index-CT: 0.00 
Total Hazard Index-ME: 0.00 
Total Cancer Risk-CT: 3.36E-15 
Total Cancer k s k - M E :  2.35E-14 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 54 
Exposure Scenario: Commercial Worker Exposure to GROUNDWATER--Ingestion 

Antimony 
Arsenic 
Barium 
Beryllium 
Chromium 111 
HMX 
Lead 

Total Hazard Index-CT: 0.30 
Total Hazard Index-RME: 1.21 
Tom1 Cancer Risk-CT: 4.328-06 
Total Cancer Risk-RME: 8.65505 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 54 
Ex~osure Scenario: Commercial Worker Exposure to GROUNDWATER--Dermal (Showering) 

CHEMICAL 

Antimony 
Arsenic 
Barium 
Beryllium 
Chromium 111 
HMX 
Lead 

Total Hazard Index-CT: 0.13 
Tola1 Hazard Index-RME: 0.50 
Total Cancer Risk-CT: 1 .WE-06 
Total Cancer Risk-RME: 3.29E-05 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 54 
Exposure Scenario: Construction Worker Exposure to Subsurface Soil--Ingestion 

CHEMICAL EP CONCENTRATIONS HAZARD INDEX-CT HAZARD INDEX-RME CANCER RISK-CT CANCER RISK-RME 

2,4,6-Trinitrotoluene 3.87E+02 
2.4-Dinitrotoluene 5.14EG0 
HMX 1.65EG0 
Lead 2.21E+03 
Mercury 1.72E+01 
RDX 9.43E-01 

Total Pdhwav Exposure Risks 
Total Hazard IndexCT: 0.82 
Total Hazard Index-RME: 3.92 
Total Cancer Risk-CT: 8.20E-08 
Total Cancer Risk-RME: 1.57E-06 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 54 
Exposure Scenario: Construction Worker Exposure to Subsurface Soil-Dermal 

CHEMICAL EP CONCENTRATIONS HAZARD I N D E X a  HAZARD INDEX-RME CANCER R I S K 4 T  CANCER RISK-RME 

2,4,6-Trinitrotoluene 3.87E+02 
2.4-Dinitrotolume 5.14Ei-00 
HMX 1.65EMO 
Lead 2.21E+03 
Mercury 1.72E41 
RDX 9.43E-01 

Toral Pahwav Exposure Risks 
Total Hazard Index-CT: 2.97 
Total Hazard Index-RME: 3.85 
Total Cancer Risk-CT: 1.29E-07 
Total Cancer Risk-RME: 6.72E-07 



Facility Radford Army Ammunition Plant, VA 
Site Name: SWMU 54 
Exposure Scenario: Construction Worker Exposure to Subsurface Soil-Inhalation of Particulates 

CHEMICAL EP CONCENTRATIONS HAZARD INDEX-CT HAZARD ITWEX-RME CANCER RlSK-CT CANCER RISK-RME 

2,4,6-Trinitrotoluene 3.87E+02 
HMX 1.65E+00 
Lead 2.2 1E+03 
Mercury 1.72E+01 
RDX 9.43E-01 

Total Pathwov Erposure Risks 
Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: 0.00E+00 
Total Cancer Risk-RME: 0.00E+00 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: SWMU 54 
Exposure Scenario: Construction Worker Exposure to Subsurface Soil--Inhalation of Volatiles 

CHEMICAL EP CONCENTRATIONS HAZARD INDEX-CT HAZARD INDEX-RME CANCER RISK-CT CANCER RISK-RME 

Total Pathway ~ o s u r e  Risks 
Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer RiskCT: 0.00E+00 
Total Cancer Risk-RME: 0.00E+00 



Facility Radford Army Ammunition Plant, VA 
Site Name: STROUBLES CREEK 
Exposure Scenario: Commercial Worker Exposure to SURFACE WATER--Ingestion 

CHEMICAL - 
Barium 
Beryllium 
Chromium 111 
HMX 

Pathw- 
Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0 .00 
Total Cancer Risk-CT: 3.13E-08 
Total Cancer Risk-RME: 3.13E-07 



Facility Radford Army Ammunition Plant, VA 
Site Name: STROUBLES CREEK 
Exposure Scenario: Commercial Worker Exposure to SURFACE WATER--Dermal 

Barium 
Beryllium 
Chromium 111 
HMX 

Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: 7.888-09 
Total Canoer Risk-RME: 1 .ME-07 



Facility Radford Army Ammunition Plant, VA 
Site Name: STROUBLES CREEK 
7 Commercial Worker Exposure to SEDIMENT--Ingestion 

CHEMICAL 

Arsenic 
Barium 
Beryllium 
Chromium 111 
Chrysene 
Di-n-butyl phthalate 
Fluoranthene 
Lead 
Nickel 
Phenanthrene 
Silver 

Total Hazard Index-CT: 0.00 
Total Hazard lndex-RME: 0.01 
Total Cancer Risk-CT: 7.25E-08 
Total Cancer Risk-RME: 1.45E-06 



Facility Radford Army Ammunition Plant, VA 
Site Name: STROUBLES CREEK 
ExDosure Commercial Worker Exposure to SEDIMENT--Dermal 

Arsenic 
Barium 
Beryllium 
CLromium III 
Chrysene 
Di-n-butyl phthalate 
Fluoranthene 
Lead 
Nickel 
Phenanthne 
Silver 

Tnlp- 
Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: 3.69E-07 
Total Cancer Risk-RME: 4.97E-06 



Facility Radford Army Ammunition Plant, VA 
Site Name: STROUBLES CREEK 
Ex~osure Scenario: Fisherman Exposure to SURFACE WATER--Dermal 

Barium 
Beryllium 
Chromium 111 
HMX 

Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0.02 
Total Cancer Ri-k-CT: 4.55E-07 
Total Cancer Risk-RME: 1.18E-04 



Facility Radford Army Ammunition Plant, VA 
Site Name: STROUBLES CREEK 
Ex~osure Scenario: Fisherman Exposure to SURFACE WATER--Ingestion 

CHEMICAL EP - 
Barium 4.60E-02 
Beryllium 2.088-03 
Chromium 111 1.61E-02 
HMX 5.308-"7 

Total Hazard Index-CT: 0.00 
Total Hazard lndex-RME: 0.00 
Total Cancer Risk-CT: 7.20E-19 
Total Cancer Risk-RME: 1.80E-08 



Facility Radford Army Ammunition Plant, VA 
Site Name: STROUBLES CREEK 
Exposure Scenario: Recreational User Exposure to SURFACE WATER--Dermal 

CHEMICAI, EP 

Barium 4.60E-02 0.00 0.00 0.00E+00 0.00E+00 
Beryllium 2 08B03 0.00 0.00 3.41B09 2.63E-07 
Chromium 111 1.61 E-02 0.00 0.00 0.00E+00 0.00E+00 
HMX 5.308-03 0.00 0.00 0.00E+00 0.00E+00 

Total Hazard Index-CT': 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: 3.41E-09 
Total Cancer Risk-RME: 2.63E-07 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: STROUBLES CREEK 
Exposure Scenario: Recreational User Exposure to SURFACE WATER--Ingestion 

CHEMICAL EPCONCENTRATIONS 

Barium 
Beryllium 
Chromium I11 
HMX 

Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: 6.75E-09 
Total Cancer Risk-RME: 5.25E-08 



Facility Radford Army Ammunition Plant, VA 
Site Name: STROUBLES CREEK 
Exposure Scenario: Construction Worker Exposure to SURFACE WATER--Dermal 

CHEMICAL - 
Barium 
Beryllium 
Chromium 111 
HMX 

Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: 1.48E-08 
Total Cancer Risk-RME: 1.54E-07 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: STROUBLES CREEK 
Exposure Scenario: Construction Worker Exposure to SURFACE WATER--Ingestion 

CHEMICAL - 
Barium 
Beryllium 
Chromium 111 
HMX 

Total Hazard Index-CT: 0.01 
Total Hazard Index-RME: 0.01 
Total Cancer Risk-CT: 3.13E-07 
Total Cancer Risk-RME: 2.50E-06 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: NEW RIVER 
Exposure Scenario: Commercial Worker Exposure to SURFACE WATER--Ingestion 

Barium 
Beryllium 
Lead 

w-PalhwavExoosureRisks 
Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: 1.1OE-08 
Total Cancer Risk-RME: l .lOE-07 



-y Radford Army Ammunition Plant, VA 
Site Name: NEW RIVER 
Ex~osure Scenario: Commercial Worker Exposure to SURFACE WATER--Dermal 

CHEMICAL - 
Barium 
Beryllium 
Lead 

Total Hazard index-CT: 0.00 
Total Hazard index-RME: 0.00 
Total Cancer Risk-CT: 2.778-09 
Total Cancer Risk-RME: 3.73E-08 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: NEW RIVER 
Ex~osure Scenario: Commercial Worker Exposure to SEDIMENT--Ingestion 

2.4.6-Trinitrotoluene 
Arsenic 
Barium 
Beryllium 
bis (2-Ethyl hexyl) Phthalate 
Di-n-butyl phthalate 
Diethy l phthalate 
Dimethyl phthalate 
Lead 
Mercury 
n-Diphenylnitrosamine 
Silver 

Total Hazard Index-ff: 0.01 
Total Hazard Index-RME: 0.02 
Total Cancer Risk-CT: 1.588-07 
Total Cancer Risk-RME: 3.168-06 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: NEW RIVER 
Ex~osure Scenario: Commercial Worker Exposure to SEDIMENT--Dermal 

CHEMICAL EPCONCENTRATIONS 

2.4.6-Trinitrotoluene 
Arsenic 
Barium 
Beryllium 
bis (2-Ethyl hexyl) Phthalate 
Di-n-butyl phthalate 
Diethyl phthalate 
Dimethyl phthalate 
Lead 
Mercury 
n-Diphenylnitrosamine 
Silver 

Pathw- 
Total Hazard Index-CT: 0.01 
Total Hazard Index-RME: 0.02 
Total Cancer Risk-CT: l.lOE-06 
Total Cancer Risk-RME: 1.47E-05 



Facility Radford Army Ammunition Plant, VA 
Site Name: NEW RIVER 
Exposure Scenario: Fisherman Exposure to SURFACE WATER--Ingestion 

CHEMICAL EP CONCENTRATIONS HAZARD INDEX-CT HAZARD I N D E X - M E  CANCER RISK-CT CANCER R I S K - M E  

Barium 
Beryllium 
Lead 

Total Path~vlrv Exposure Risks 
Total Hazard Index-CT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: 2.54E-10 
Total Cancer Risk-RME: 5.07E-08 



Facility Radford Army Ammunition Plant, VA 
Site Name; NEW RTVER 
7 Fisherman Exposure to SURFACE WATER--Dermal 

Barium 
Beryllium 
Lead 

T o r a l a -  
Total H a m d  Index-CT: 0.00 
Total Hazard Index-RME: 0.01 
Total Cancer Risk-CT: 1.60E-07 
Total Canar Risk-RME: 4.16E-05 



Facilitv Radford Army Ammunition Plant, VA 
Site Name; NEW RIVER 
Ex~osure Scenario; Construction Worker Exposure to SURFACE WATER--Ingestion 

CHEMICAL EP - 
Barium 
Beryllium 
Lead 

Total Hazard Index-CT: 0 .00  
Total Hazard lndex-RME: 0 .00  
Total Cancer Risk-CT: 5.50E-09 
Total Cancel Risk-RM'3: 4.408-08 



Facility Radford Army Ammunition Plant, VA 
Site Name: NEW RIVER 
Ex~osure Scenario: Construction Worker Exposure to SURFACE WATER--Dermal 

CHEMICAL EP CONCENTRATIONS HAZARD INDEX-CT RAZARD INDEX-RME CANCER RISK-CT CANCER RISK-RME 

Barium 
Beryllium 
Lead 

Total P a f h w  Exposure Risks 
Total Hazard IndexCT: 0.00 
Total Hazard Index-RME: 0.00 
Total Cancer Risk-CT: 1.04E-08 
Total Cancer Risk-RME: 5.47E-08 



Facilitv Radford Army Ammunition Plant, VA 
Site Name: NEW RIVER 
Exwosure Scenario: Recreational User Exposure to SURFACE WATER--Ingestion 

CHEMICAL EP CONCENTRATIONS HAZARD INDEX-CT HAZARD INDEX-RME CANCER RISK-= CANCER RISK-RME 

Barium 
Beryllium 
Lead 

Toral Pathwv Exposure Ruks 
Total Hazard IndexCT: 0.00 
Total Hazard Index-WE: 0.00 
Total Cancer Risk-CT: 3.09E-11 
Total Cancer Risk-WE: 2.03E-09 



Facility Radford Army Ammunition Plant, VA 
Site Name: NEW RIVER 
Exposure Scenario: Recreational User Exposure to SURFACE WATER--Dermal 

CHEMICAL EP CONCENTRATIONS KAZARD INDEX-CT HAZARD INDEX-RME CANCER RISK-CT CANCER RISK-RME 

Barium 
Ekryllium 
Lead 

Total Pathwav b o s u r e  Risks 
Total Hazard IndexCT: 0.00 
Total Hazard Index-ME: 0.00 
Total Cancer Risk-CT. 1.20E-09 
Total Cancer Risk-ME: 9.28E-08 




